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Abstract

Racial segregation is an important factor in understanding the foreclosure crisis,
but must be understood to operate in particular and specific ways. The primary,
positive impact of segregation on foreclosure risk operates prior to loan origina-
tion through the differential access to loan quality by race. Afterward, the impact of
segregation is negative. Drawing on a rare dataset of loans that combine loan per-
formance and borrower characteristics, I use a competing risks proportional hazard
model to examine the impact of race and racial segregation on risk of foreclosure
among borrowers. Results indicate that Black segregation has a large, negative im-
pact on foreclosure risk. Instead, the strongest positive contributor to foreclosure
is the negative value of the home relative to the balance of the loan (i.e., “under-
water,” as measured by the put option), which is also the mechanism that explains
most of the difference in the foreclosure rate by race. The negative impact of racial
segregation on foreclosure risk is the result of a mismatch between cities with high
levels of segregation and cities with large declines in home prices and related fore-
closures.

INTRODUCTION

The United States entered into a recession in December 2007, which became the longest
and worst economic crisis since the Great Depression. One important driver of the re-
cession was a housing boom gone bust, often called the foreclosure crisis. This crisis wit-
nessed the rapid and sustained increase in the foreclosure rate well above the historical
average, such that by 2010, the national foreclosure rate rose to about 5%, much higher
than the 1% average in the decades prior (Schwartz 2010, p. 76).

The foreclosure crisis was not monocausal, but a central component was the rise and
fall of the subprime mortgage market (Gramlich 2007). Some analyses highlight the role
of securitization (Gotham 2009) and globalization (Aalbers 2009), which created an ar-
tificial supply of dollars for home loans where there was no real demand. Others high-
light the role and responsibility of risky borrowers, lenders, and loans (Ding et al. 2011),
whereby lenders assisted borrowers in obtaining loans on homes that they could not
afford. A complementary piece of the discussion regarding the foreclosure crisis is the
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role of residential racial segregation (Hyra et al. 2013), which is a measure of the geo-
graphic separation between minority and majority racial groups in a city, as defined by
the metropolitan statistical area (MSA).

The role of racial segregation, which contributed to the more efficient targeting of spe-
cific populations and neighborhoods by race, as a cause of the foreclosure crisis is widely
recognized and cited (see Reskin 2012). Rugh and Massey (2010) used data aggregated
at the level of the metropolitan area to indicate that Black–White racial segregation has
a positive, causal effect on the number and rate of foreclosures in a city. However, the
data used did not allow one to distinguish the impact of segregation on foreclosure after
loan origination from the impact of segregation on loan quality prior to loan origination.
More recently, Rugh (2015) used loan-level data and found a positive impact of race,
racial segregation, and the interaction between race and segregation on a borrower’s risk
of foreclosure after loan origination.

In this paper, I further examine the relationship between race, segregation, and fore-
closure after loan origination to shed light on its multiple, and as it turns out, complex
links to the foreclosure crisis. Using a competing risks hazard model and a national
dataset of individual loans with borrower demographic information, I demonstrate that
Black–White residential racial segregation is negatively related to a borrower’s risk of fore-
closure. Instead, the degree to which the ratio between the value of the home and the
balance of the loan is negative (i.e., the degree to which a borrower is “underwater”) is a
far more important and positive risk factor. This ratio is known as the “put option,” and is
the mechanism that best explains differences in the foreclosure risk by race. Therefore,
the impact of race on foreclosure is shown to be indirect, not direct. The results of this
work extend our understanding of the role played by race and racial segregation in the
foreclosure crisis and emphasize the need for additional focus on the factors that affect
foreclosure, not just the factors that affect loan origination.

The central argument is that declines in home prices constitute a critical mechanism
through which race and segregation affect foreclosure. While some may argue that the
role of housing prices is not surprising, it gets less attention in policy debates, as well
as within the discipline of sociology, relative to the broader role played by race and seg-
regation. One primary explanation for this is data availability. As will be addressed in
greater detail later, many of the datasets that are used to examine the relationship be-
tween race, segregation, and foreclosure do not include time-varying loan-performance
characteristics, such as current balance of the loan or the value of the home, which affect
a borrower’s risk of foreclosure. Of the few datasets like this one, which contain variables
on both loan performance and borrower demographic characteristics, there is no one,
single, nationally representative sample that may be used to examine foreclosure risk
across the universe of loan and borrower types. The inclusion of loan-level data results
in findings that are consistent with previous research demonstrating a link between race,
segregation, and foreclosure, but indicate the importance of housing price change in
determining how these factors affect foreclosure risk.

RACE, SEGREGATION, AND FORECLOSURE

This study tests three hypotheses regarding the impact of race, segregation, and their
interaction on a borrower’s risk of foreclosure during the foreclosure crisis and its
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aftermath, between 2007 and 2013. Based on the existing literature, we would expect
race, segregation, and their interaction to have a positive impact on a borrower’s risk of
foreclosure. This paper proposes an alternative perspective. If we consider the factors that
affect foreclosure risk after a loan has been acquired, such as housing prices, then the as-
sociation between segregation and foreclosure is negative, and the association between
race and foreclosure is indirect. The goal of this paper is to improve our understanding
of the relationship between segregation, race, and foreclosure by comparing these two
explanations.

Before moving forward, it is important to note that the existing evidence on the topic
area is divided by two intersecting lines of research: time, which is demarcated by loan
origination; and unit of analysis, which is either the individual or the city. While relevant
literature exists across the intersecting lines of research, the evidence presented here
only examines an individual’s risk of foreclosure after loan origination. Prior to loan
origination, current and historical segregation increases the risk of foreclosure for non-
White borrowers living in segregated neighborhoods by allocating loan quality by race
unequally (Calem et al. 2004; Williams et al. 2005; Bocian et al. 2008). After loan orig-
ination, the impact of segregation on a borrower’s risk of foreclosure remains an open
question.

The current understanding regarding the relationship between race, segregation, and
foreclosure is based on three components. First, segregation creates minority-dominant
neighborhoods (Massey and Denton 1993). Disadvantages like poverty and joblessness
are thus spatially concentrated by race as a result of segregation, which leaves minority
populations more vulnerable to exploitation in cities with high levels of racial segrega-
tion, in comparison to those cities with low levels of segregation. Second, borrowers in
these minority-dominant neighborhoods are at greater risk of receiving lower quality,
subprime loans (Stuart 2003). There is also evidence that the relationship between seg-
regation and subprime lending in a city may also go in the other direction, as relative
changes in the level of subprime lending in a city may act to increase racial segregation
(Bond and Williams 2007). Third, the foreclosure rate of subprime loans is much higher
than prime loans (Gramlich 2007). Connecting the three, segregation and foreclosure
are positively associated through the mechanism of subprime lending (Rugh and Massey
2010), which also affects differences in the foreclosure rate by race (Bocian et al. 2011).

There is no single, agreed upon definition for either the term subprime nor
subprime loan (Demyanyk and Van Hemert 2011). The term subprime is used to
describe a combination of loan, borrower, and lender types with at least one of the fol-
lowing characteristics: a borrower with a high risk of default, low credit scores, a his-
tory of delinquent payments, and/or bankruptcy; a loan with high and adjustable inter-
est rates, payment, fees, etc.; and a lender specializing in high-cost loans and high-risk
borrowers. When one is referring specifically to subprime loans, it is the characteris-
tics of the loan that are determinative, but borrower and lender characteristics repre-
sent a critical component of what comprises the broader term subprime. Examples ex-
ist where prime borrowers received subprime loans and subprime borrowers received
prime loans (Courchane et al. 2004) and it is an open question in the literature as to
whether risk of default lies with the subprime borrower, subprime loan, or subprime
lender (Ding et al. 2011). The common theme across the various definitions of both sub-
prime loans and borrowers is a high risk of foreclosure due to loan and/or borrower
characteristics.
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Differences in the foreclosure rate by race are not only the result of differential access
to loan quality due to racial segregation, but also the interaction between segregation
and race, even after controlling for borrower and loan characteristics (Rugh 2015). For
example, Blacks had a higher risk of foreclosure than Whites in the “Rust Belt” states
of the Midwest, which contain cities with higher levels of segregation, as compared to
the “Sand Belt” states of the Western United States, which contain cities with lower levels
of segregation. In other words, the impact of race on foreclosure is exacerbated by the
impact of segregation on foreclosure (Pager and Shepherd 2008).

One problem with the positive relationship between segregation and foreclosure is that
there is a mismatch between the places most affected by subprime lending and related
foreclosures and the places most affected by Black/White racial segregation. In the early
part of the 2000s, fast-growing metropolitan areas with high rates of housing price appre-
ciation, like Las Vegas, Phoenix, and Miami, had rates of subprime originations that were
two to three times higher than the national average and higher than cities like Baltimore,
Detroit, and Milwaukee (Mayer and Pence 2008). After 2007, as the housing market be-
gan to collapse, rates of foreclosure were highest in cities with large increases in housing
prices prior to 2007 and subsequently large declines after 2007 (Immergluck 2008). While
high rates of subprime lending and subsequent foreclosures existed in predominantly
non-White neighborhoods within highly segregated cities (Hwang et al. 2015), relative
rates may not have achieved the same degree of importance as compared to cities in the
Western United States or Florida, which have lower levels of Black/White racial segrega-
tion. Despite evidence that the foreclosure crisis began in highly segregated cities (Rugh
and Massey 2010), an alternative possibility is that the relationship between racial segrega-
tion and foreclosure over the course of the Great Recession and its aftermath is negative,
not positive.

The negative association between segregation and foreclosure contains two compo-
nents. First, segregation and housing prices are positively related. Second, housing price
change and foreclosure are negatively related. Connecting the two, housing prices are
the mechanism through which racial segregation has a negative effect on a borrower’s
risk of foreclosure, which explains most the direct impact of race on foreclosure risk.
The positive impact of race on a borrower’s risk of foreclosure would thus be indirect,
operating through housing price change. We test the different expectations regarding
the positive or negative link between segregation and foreclosure, as well as the role of
race on foreclosure, using the following three hypotheses.

Hypothesis 1. It asserts that borrowers in cities with higher levels of Black–White racial segregation
have a lower risk of foreclosure.

Between 2007 and 2013, there was a positive correlation (0.2) between segregation
and housing price change, which is measured by the Housing Price Index, as shown in
Figure 1. However, there was also a large and downward change in housing prices across
the country. As a result, a positive correlation of home price change and segregation
means that cities with lower levels of racial segregation experienced a larger decline in
home prices, compared to cities with higher levels of racial segregation. Given that a
borrower’s likelihood of foreclosure rises as home prices decline (Gerardi et al. 2007),
those living in cities with lower levels of housing price decline, which are also cities with
higher levels of segregation, are “protected” from foreclosure.
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FIG. 1. Correlation between segregation and housing price index (HPI).

The underlying explanation for the positive relationship between segregation and
home prices is the relationship between home prices and population growth between
2000 and 2007. There is a typology of metropolitan areas based on population growth,
home price change, and foreclosure (Immergluck 2009), which correlates to patterns of
racial segregation. Cities with low levels of racial segregation are generally newer and less
industrial, with high rates of population growth, and are typically located in the West or
the South, such as Las Vegas, Phoenix, and Miami. In contrast, cities with high levels of
racial segregation are generally older and more industrial, with low or declining rates
of population growth, and are located in the Northeast or Midwest, such as Milwaukee,
Baltimore, and Detroit. Therefore, borrowers living in cities with high levels of segrega-
tion did not experience as much population growth or related home price change prior
to 2007, nor subsequent declines in home prices and related foreclosures after 2007,
when the crisis began.

Hypothesis 2. It asserts that there are no racial differences in a borrower’s risk of foreclosure.

If home prices are the critical determinant of a borrower’s risk of foreclosure, then
differences in foreclosure should not depend on race. The reason is that a decline in
home prices will increase all borrowers’ risk of foreclosure because they are expected
to be equally rational regardless of race (Ambrose and Capone 1998). This rationality
postulate will be explored in more detail in the methods section below. If changes in
home prices do explain all or most of the racial differences in terms of foreclosure risk,
then the impact of race on foreclosure risk could still be present, but would be indirect,
operating through the mechanism of housing price change.

Hypothesis 3. It asserts that there is no interaction between race and segregation on a borrower’s
risk of foreclosure.
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Individuals who are non-White will not have a higher risk of foreclosure in cities with
higher levels of segregation. The reason is that home prices are the critical determinant
of a borrower’s risk of foreclosure, and the degree to which a borrower is rational should
not depend on geography, let alone race (as in Hypothesis 2), or their interaction.

In summary, the existing literature suggests that race, segregation, and their interaction
all have a positive impact on a borrower’s risk of foreclosure. However, another possibility
is that segregation and foreclosure are negatively connected through the mechanism of
home price change. Relatedly, the positive impact of race on a borrower’s risk of fore-
closure is indirect and operates through housing price change. Below, these competing
expectations regarding the relationship between race, segregation, and foreclosure dur-
ing the crisis and its aftermath are tested using the three hypotheses described above.

METHODS

To examine the factors that affect a borrower’s risk of foreclosure, I use a competing risks
proportional hazard model, which is an extension of a Cox proportional hazard model
for a single risk. “Competing risks” refers to a borrower’s risk of foreclosure against their
competing possibility of prepayment. Modeling the joint effects of a borrower’s com-
peting outcome of foreclosure and prepayment is the standard approach for predicting
foreclosure risk (Calhoun and Deng 2002).

Option theory is based on the assumption that a borrower faces one of three options
in any given month: to make a payment, to not make a payment, or prepay the loan. Bor-
rowers who make a payment are current on their monthly payments. Borrowers who do
not make a payment in full are in default. While default and foreclosure are not identical,
in this model, they are considered to be synonymous. Borrowers who prepay pay off the
entire amount of the home loan. In any given month, these choices are mutually exclu-
sive, competing options because by exercising one, a borrower forfeits the opportunity to
exercise the other.

Some may argue that there is a fourth option, partial payment. While partial payment
is still a payment, borrowers who pay only a partial amount are also in default. Default is
defined in legal, contractual terms: A borrower who does not fulfill their payment obli-
gation in that month is in default. Even if a loan is modified and monthly payments are
reduced, then borrowers are still responsible for paying the reduced mortgage payment
in full, each month. Failure to make a payment in full will result in the loan entering
into default.

The option model is based on the following four assumptions (Vandell 1995). One,
there are no transaction costs of refinancing, sale, or recuperating reputation (i.e.,
change in credit score). Second, it is assumed that a borrower is always able to access
financing from other sources quickly and without cost, even when income is disrupted
due to a negative life event (divorce, job loss, etc.). Therefore, a borrower will always
make a payment when there is no financial incentive to default or prepay the loan. Also,
a borrower will always prepay the loan when there is a financial incentive to do so. Third,
the default and prepayment decisions are entirely the borrowers’. Therefore, the lender
does not or cannot negotiate an alternative arrangement.

Fourth, the borrower is rational or “ruthless.” For example, between 2007 and 2013,
the period under study, interest rates declined at the same time that many homes
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were worth less than the balance of the loan (i.e., “underwater”). Therefore, many
borrowers had a financial incentive to both default and prepay the loan, even though
they could not do both. The decision to prepay, default, or make a payment is pri-
marily based on which option is more valuable, as discussed in the Variables section
below.

It is immediately obvious that the four assumptions that option theory relies on do not
hold in reality. First, there are always transaction costs in selling a home or refinancing
a loan, which can be substantial, and there are always reputation costs on a credit rating
for not making a loan payment, which can be both expensive and long lasting. Second,
borrowers in financial distress are among those who are least able to access financing, es-
pecially in the case of job loss, where evidence of stable employment and income is often
a precondition for a loan. Third, lenders are not absent from a borrower’s decision to
default or prepay their loan because it is the lenders who are able to reduce the probabil-
ity of default by renegotiating the terms of a mortgage. Fourth, borrowers are not always
rational, as many continue to make payments on their home even if it makes sense to
walk away.

Despite the unbelievability of the option model’s four main assumptions, its value is
undeniable. The real world, after all, is characterized by informational failures, confus-
ing contracts, misleading lenders, and barriers to good decision making under stressful
circumstances. No empirical model can capture the world’s fine-grained detail, nor some
literal truth, but it can capture important, if incomplete, aspects of real-world decision
making. While option theory does not explain the full spectrum of borrower behavior, it
does incorporate the empirical fact that a borrower’s risk of default increases as equity
becomes more negative and a borrower’s risk of prepayment increases as interest rates
decline (Foote et al. 2008). Despite the assumptions, the power of the model is that it
does a good job of explaining a borrower’s risk of default and prepayment, as indicated
by the predictive power of the put and call options (Deng et al. 2000).

A competing risks proportional hazard model is an extension of the Cox proportional
hazard model for a single risk, which examines the probability or risk of foreclosure in a
given month, conditional on the fact that a house is not in foreclosure at the beginning
of that month. The competing risks model is similar to the Cox model, except that it
indicates the probability of foreclosure in a given month, conditional on neither being
in foreclosure nor prepaying at the beginning of that month. The difference between
the two has to do with censoring, which is when the study period ends before loan out-
comes are known. In the Cox proportional hazard model, all cases that do not experience
foreclosure by the end of the study period are considered at risk of foreclosure. In the
competing risks model, borrowers who do not experience foreclosure or prepayment are
considered at risk because if a borrower prepaid the loan, they are no longer at risk
of foreclosure. The competing risks model distinguishes between cases still at risk from
those no longer at risk even if they did not experience foreclosure by the end of the
study period.

The competing risks hazard model used here was developed by Fine and Gray (1999).
To distinguish between the cause-specific hazards produced in the Cox model, Fine and
Gray call the resulting estimates a subhazard and denote it with an h-bar:

h1(t |x) = h1,0(t)exp(xβ), (1)
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where a vector of covariates x alters the baseline hazard function proportionately in ex-
ponential form. As a final step in the application of the model, all continuous variables
are mean centered in order to provide a more meaningful interpretation of the results.
If continuous variables were not mean-centered, then the resulting coefficients would be
measured from the base case (i.e., if the Black–White segregation index is 0 or there is
no segregation at all), which makes it difficult to interpret the results of the coefficients
in a meaningful way.

While other models may be appropriate for different questions, the model used here
best accounts for the competing option of prepayment in determining a borrower’s
risk of foreclosure. For example, a path model may help to illuminate the mecha-
nism through which race and segregation affect foreclosure, either directly or indirectly
(Baxter and Lauria 2000). Alternatively, a hierarchical linear model could be used to ex-
plore individual variation in foreclosure within neighborhoods within and among cities
(Baumer et al. 2012). Despite the virtues of these and other models (for a comparison
and explanation, see Calhoun and Deng 2002), the competing risks hazard model is
considered to provide the most unbiased prospect for determining a borrower’s risk of
foreclosure (Yezer 2010).

DATA

To examine the impact of race and segregation on a borrower’s risk of foreclosure, I
use a dataset of home loans from across the United States that combines borrower de-
mographic information with loan performance data. Loan performance data come from
Corporate Trust Services (CTS), which includes information on the original balance, in-
terest rate, credit score, and monthly loan status (current, delinquent, foreclosure, or
prepayment), as well as a variety of other variables, and are publicly available from the
web (www.ctslink.com).1 Demographic data come from the Home Mortgage Disclosure
Act (HMDA), which requires lenders to report the census tract of all loans issued, as well
as the borrower’s race, sex, and income at time of loan application, as indicated by the
primary borrower. Independently, both are publicly available, but the merged data used
in the analysis are not.

CTS is a service provided by Wells Fargo to other lending institutions for administering
securitized loans. Securitization is a financial practice whereby loans with various levels
of risk are combined into a single security and sold as a bond. As most subprime loans
were securitized,2 a majority (75%) of loans in the CTS sample contain at least one char-
acteristic of a subprime loan.3 As a result, the data used here comprise about one-third
of all subprime loans issued during the peak of subprime lending.4 According to Quercia
and Ding (2009), who, along with White (2008), also use the same CTS data (albeit with-
out matched borrower characteristics), the data are neither representative of all loans on
single-family homes, most of which are prime,5 nor all subprime mortgage loans. Instead,
the data are representative of securitized loans, a majority of which are subprime, but a
minority are prime.6 The sample is a useful tool to examine the relationship between
race, segregation, and foreclosure because subprime loans represented a majority of all
foreclosures during the Great Recession (Ferreira and Gyourko 2015), the majority of
subprime loans were securitized, and subprime loans were unequally distributed across
race and geography.
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Datasets that contain both loan performance and demographic characteristics are
unique and rare, and only a few existing papers use such combined data (for other ex-
amples, see Munnell et al. 1993; Firestone et al. 2007). The CTS data were merged with
HMDA data by the San Francisco Federal Reserve Bank using the following variables:
loan number, origination date, loan amount, lien status (first or second), and loan pur-
pose (purchase vs. refinancing). While HMDA data are publicly available, the HMDA
data used here are restricted because it includes the actual loan number on which the
data are merged together, not matched using the variables available in both datasets, as
in other published journal articles (see Ghent et al. 2014 and Rugh 2015). Therefore, the
data used here are the result of merging unrestricted, public data on loan performance
with restricted, public data on borrower demographic information.

The study period is 84 months (7 years), from December 2006 through December
2013, where we observe a borrower’s risk of foreclosure for each month on loans origi-
nating between 2004 and 2007, the peak of the subprime market.7 The full study period
actually contains two distinct periods, one from 2007 to 2010, which includes the fore-
closure crisis, and another, from 2010 to 2013, which includes the aftermath; however,
distinguishing one from the other does not alter the results, as detailed in the Sensitivity
Analysis section of the Appendix A.2.

The analysis sample was created according to the following selection criteria. Of the
nearly 5 million unique loans in the CTS dataset, more than 2.5 million, or 50%, were
matched to the HMDA data for loans originating between 2004 and 2007. Due to com-
putational limitations (the competing risks hazard model used takes nearly 36 hours
to run), a random sample (20%) of matched loans was used,8 leaving a sample size of
500,000 loans in the United States. However, I also rerun the analysis for each of the four
Census regions (Northeast, Midwest, South, and West). Given the size of each individual
region, it is possible to use a 50% sample for each region, prior to applying the selection
criteria detailed below.

I apply the following filters to the 500,000 loans in the 20% sample of matched loans,
which leaves 192,617 unique loans in the sample used for analysis. While the selection cri-
teria exclude many observations, there are clear reasons for doing so and the results are
largely unaffected by these decisions, as shown in Appendix A.2. Loans with missing race
or income information were dropped because both are independent variables of interest,
reducing the total number of loans by 11%. Also, I kept only loans that were first liens
(i.e., mortgages) given to owner-occupied, single-family homes because these are distinct
types of property owners and loans.9 Mortgages issued to non-owner-occupied homes or
non-single-family homes are primarily used by investors for manufactured or multifam-
ily housing units. A first lien is the primary loan that is secured by the property. In the
event of default, the first lien has first priority for repayment. This exclusion reduced the
sample of loans by 30%.

I also dropped loans that enter into bankruptcy at any point in the study period be-
cause bankruptcy stops the foreclosure process, as lenders must now compete with each
other for borrower repayment in court; this reduced the total number of loans by an ad-
ditional 7%. Bankruptcy is important, but alters a borrower’s risk of foreclosure in ways
deserving of its own, separate exploration. By definition, borrowers that enter bankruptcy
are less likely to prepay a loan because refinancing is no longer an option. At the same
time, bankruptcy could make foreclosure either more or less likely. Foreclosure is more
likely because secured loans, like mortgages, are prioritized in the bankruptcy process,
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FIG. 2. Correlation between RealtyTrac and CTS foreclosures across metropolitan areas.

but foreclosure is less likely if homeowners use bankruptcy to reduce the cost of their
mortgage. The inclusion of those who enter bankruptcy does not alter the main findings
I present, as detailed in the Sensitivity Analysis section of Appendix A.2.

The sample size was further reduced by 12% to exclude loans with missing or unusual
information (i.e., a credit score over 1,000). As a last step, I dropped loans with bor-
rower income in the top and bottom 1% of the distribution. The final dataset contains
7,927,358 loan-month observations based on 192,617 unique loans and refers to the study
period between December 2006 and December 2013.

To address the issue of the selection criteria, which excluded many loans, the sensitivity
and robustness of the results to a variety of alternative variable and data specifications are
described in detail in the Analysis section of Appendix A.2. Beyond the selection criteria,
a primary concern is the 50% of all cases in the CTS data that do not match the HMDA
data, in addition to the 11% of matched cases with missing race and income information.
To address this issue, several models in the sensitivity analysis also include unmatched
observations in addition to the matched ones.

Despite inclusion into the sample owing to loan type, as well as subsequent data clean-
ing and editing, the data are representative of foreclosures in metropolitan areas across
the United States and are therefore appropriate for examining the relationship between
segregation and foreclosure. As evidence, foreclosure data in the CTS are aggregated
at the metropolitan level and compared to foreclosures in RealtyTrac between 2007
and 2013. RealtyTrac compiles data from all foreclosure filings made in county court-
houses to create the largest source of information on foreclosures in the United States.
Figure 2 plots the relationship between the number of foreclosures in a metropolitan area
and the Black–White racial segregation measure in that metro area for both CTS and Re-
altyTrac data. The correlation between the CTS and RealtyTrac data is high (0.86), and
both indicate a positive correlation (0.20) between foreclosures and racial segregation. In
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summary, the CTS data are representative of foreclosures in the United States and are
also in line with previous evidence regarding the positive relationship between segrega-
tion and foreclosure at the metro level (Rugh and Massey 2010).

VARIABLES

In addition to the dependent variable of foreclosure, there are four sets of independent
variables: borrower, geographic, options, and loan-level characteristics. Of these, the vari-
ables of interest are race, income, segregation, and the options. The remaining control
variables of interest (i.e., credit score, loan type, etc.) are mentioned, but described in
detail in Appendix A.1. Table 1 presents descriptive statistics of the variables used in the
model. The descriptive statistics are based on loans at their period of last observation
because the data have a panel structure, where there are multiple observations of unique
loans. Most variables are fixed over time, but a few vary over time and are indicated as
such in the text.

The dependent variables are loan status, as indicated by foreclosure, prepaid, or cur-
rent. Foreclosure refers to a loan that is real-estate owned (REO), the ultimate stage in
the foreclosure process. Prepayment refers to a loan that is paid off early.10 Current refers
to a loan that is not REO or prepaid, meaning that loans that are current, delinquent,
or have received notice of foreclosure are all considered current. The total, cumulative
foreclosure rate over the entire five-year study period is 31%, the prepay rate is 42%, and
the remaining 27% are current as of the end of the study period, December 2013.

The probability a borrower will default, prepay, or stay current on a loan is measured
by what are called put and call options. The put option is the ratio of the value of the
loan to the value of the home. The higher the put option, the less a home is worth
(i.e., “underwater”) and the higher the risk of default. The call option is the ratio of the
current interest rate on the loan to the market interest rate. As the call option rises, the
incentive to refinance the home loan at a lower interest rate increases, and the risk of
prepayment rises. If neither option is “in the money,” then the borrower will continue to
make payments on the loan. The put and call options are time-varying variables and are
defined in detail below.

The put option is the current balance of the home divided by the current value of
the home in any given month, minus one. I subtract one in order to center the variable
around 0, such that a negative put option means the value of a home is higher than the
balance of its loan, while a positive put option means the value of a home is lower than
the balance of its loan (i.e., a homeowner is “underwater”). The current value is equal
to the original value of the home multiplied by a monthly, Zip-code-level home price
index (HPI). The HPI value comes from Zillow.com, which uses public and private data
from home sales to estimate sale prices on all homes. While no HPI is free of bias, Zillow is
preferable because it offers a high correlation to other indices, is available at the Zip code
level, publicly available, and, as a result, is used by real estate professionals and scholars
(Mian and Sufi 2009). As the value of a home declines in relationship to the balance of
its loan, the put option rises. The higher the value of the put option, the more it makes
sense a borrower to stop paying the loan and go into default.

The average value of the put option at period of last observation was −2.2%, which
indicates that the average borrower has a home that is 2.2% more than the value of the
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TABLE 1. Descriptive Statistics

Variables (Expected Sign) mean SD min max

Race and income :
White (Omitted) 0.578 0.494 0 1
Black (+) 0.138 0.344 0 1
Hispanic (+) 0.207 0.405 0 1
Other (Unknown) 0.077 0.267 0 1
Income ($10,000s) (−) 11.392 8.320 2 61
Index of segregation:
Black (+) 60.529 11.159 22 81
Hispanic (+) 49.258 9.555 15 70
Asian (+) 44.739 6.186 20 72
Region:
Northeast 0.138 0.345 0 1
Midwest 0.144 0.352 0 1
South 0.302 0.459 0 1
West 0.415 0.493 0 1
Put (default) option:
1Put (default) option (+) −2.165 36.102 −100 324
1Put option2 (+) 1,308.002 3,258.597 0 105,244
Call (prepay) option:
1Call (prepay) option (−) 7.562 41.811 −410 73
1Call option2 (−) 1,805.340 3,567.680 0 168,100
Loan:
<620 (Omitted) 0.253 0.434 0 1
620–679 (−) 0.300 0.458 0 1
680–719 (−) 0.182 0.386 0 1
>= 720 (−) 0.266 0.442 0 1
High Cost Loan (>= 300 BPS indicator) (+) 0.417 0.493 0 1
Loan to value (LTV) (+) 80.827 14.758 1 125
Purchase (vs. refinance) indicator (+) 0.469 0.499 0 1
1ARM (vs. FRM) indicator (+) 0.685 0.465 0 1
1Modification indicator (−) 0.145 0.352 0 1
Payment to income (PTI) > 31% indicator (+) 0.140 0.347 0 1
Dependent variables:
Current 0.311 0.463 0 1
Prepay 0.423 0.494 0 1
Foreclosure 0.266 0.442 0 1

As of last period of observation.
1Indicates time-varying covariate.

loan. The minimum value of the put option (−100) means that the current value of a
home is worth double the balance of its loan (e.g., a home with a current balance of
$100,000 and a current value of $200,000). Here, there is no financial incentive to stop
paying the mortgage because a borrower could sell the home, pay off the loan, and keep
the remaining balance from the sale. The maximum value of the put option (324) means
that the balance of the loan is worth 3.24 times the value of the home (e.g., a home
with a current balance of $100,000 and a current value of $30,864). The put option is
the standard way of examining the consequences of home price change on an individual
borrower’s risk of foreclosure.

The call option is the current market interest rate11 divided by the current interest
rate on the mortgage in any given month, subtracted by one to center the call option
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around 0. A negative call option indicates that there is no financial incentive to refinance
because borrowers would receive a higher interest rate than they are currently paying if
they refinanced the loan at current rates. A positive call option indicates that there is a
financial incentive to refinance because borrowers would receive a lower interest rate if
they refinanced their loan at current rates, which reduces the total cost of the loan. As
the call option rises, the better it would be to refinance the mortgage, the higher the risk
of prepay, and the lower the risk of foreclosure.

The average value of the call option at period of last observation indicates that the value
of the average interest rate on loans is 7.5% higher than the current market interest rate.
By contrast, the minimum value of the call option (−410) means that the market interest
rate is four times higher than the current interest rate on the loan. Technically, this ought
to be good because the borrower’s current interest rate is much lower than the market
interest rate, but in this case, the loan is actually an ARM where the low teaser rates are
about 1% and market rates are around 4%. An adjustable rate loan is a defining feature
of a subprime loan because low introductory or “teaser” rates reduce monthly payments,
making loans affordable that might otherwise be unaffordable when interest rates revert
back to market rates after a period of time. It is therefore necessary to include mortgage
type as a time-varying control variable, which I do.

The maximum value of the call option is 73, meaning that the value of the average
interest rate on the loan is 73% higher than the current market interest rate (i.e., a
current interest rate of 8.65% and a market interest rate of 5%). In this case, there is a
financial incentive to refinance because borrowers would save money on their loan by
prepaying their old loan and refinancing under current market rates. In keeping with
the literature, the put and call options are squared because their effect on foreclosure is
nonlinear and convex, meaning the larger the effect of a one-unit increase, the higher
the option value (Ciochetti et al. 2002).

Race is aggregated into White, Black, Hispanic, and other. Borrowers are 58% White,
21% Hispanic, and 14% Black. Income is borrower income at the time of loan origina-
tion, as shown in $10,000s of dollars. Average income is $111,390, with clear differences
in income by race: Compared to Whites, Hispanics earn 17% less and Blacks 31% less. I
also include the interaction between race and income to capture any racial differences in
the effect of income as an additional control variable.

If income is not misreported,12 then it is high. According to HMDA data (Avery et al.
2010), average income for all borrowers in 2007 was $97,700 and $85,600 for borrowers
with a high-cost (i.e., subprime) loan, as described in the Variables section. While this
could present a potential threat to validity, subsequent analysis reveals that income
for all borrowers would have to be negative in order to eliminate the main result, the
negative impact of racial segregation on a borrower’s risk of foreclosure, as detailed in
Appendix A.2.

There are three segregation indices, one for each minority race, Black, Hispanic,
and Asian. Of these, the particular variable of interest is the Black–White segregation
index because Black–White segregation is shown to have a positive effect on foreclo-
sures in an MSA (Rugh and Massey 2010). The segregation index is an index of dis-
similarity, and measures the proportion, from 0 to 100 percent, one group would need
to change census tracts to achieve an even distribution with Whites in an MSA. Data
from the 2005–2009 American Community Survey (ACS) five-year Summary File are
used to create the measure, which overlaps the years of loan origination (2004–2007)

459



CITY & COMMUNITY

and the study period (December 2006–December 2013).13 The mean index of Black
dissimilarity for the entire sample is 60, meaning that the average borrower lives in
an MSA where 60% of Blacks would have to switch census tracts in order for Blacks
and Whites to be equally distributed in that MSA. For reference, the MSA of Atlanta,
Georgia, has a Black, Hispanic, and Asian dissimilarity index around the mean of
the sample.

It is also standard protocol to include a set of control variables in the model when
examining the factors affecting a borrower’s risk of foreclosure (Kau et al. 1995; Deng
et al. 2000): credit score (FICO), region, high cost loan (>300 basis points above the
prevailing interest rate at time of loan origination), loan to value (LTV), loan purpose,
payment-to-income (PTI), loan modification, and mortgage type (ARM vs. FRM). The
control variables are described in Appendix A.1. Of these, only loan modification and
mortgage type are time varying, the others are time invariant. Year of loan origina-
tion (2004–2007) is also included as a fixed effect. All control variables operate as ex-
pected and are shown in Table 3, e.g., an ARM has a higher risk of foreclosure than
an FRM.

RESULTS

The results indicate that there is a negative association between segregation and fore-
closure, which operates through the mechanism of home price change and explains
most of the direct impact of race on foreclosure. A total of 10 models are presented,
six using the national sample and then one for each of the four regions, separately.
The findings indicate that the impact of Black–White racial segregation on a borrower’s
risk of foreclosure is negative, being non-White is positive, and the interaction between
race and segregation is positive, but not enough to alter the main effects. However, it
is the decline in home value in relationship to the value of the loan (i.e., the put op-
tion) that has the single largest positive impact on a borrower’s risk of foreclosure. Re-
sults are consistent across the United States and in each of the four subregions, and
are robust to a variety of alternative variable specifications and subsamples, as shown in
Appendix A.2.

The results for the primary variables of interest are shown in Table 2, and the control
variables are shown in Table 3. The coefficients and standard errors are presented in ex-
ponential form for ease of interpretation. A coefficient greater (or less) than 1 means
the effect of that covariate increases (or decreases) the risk of foreclosure given the com-
peting risk of prepayment with respect to the baseline (continuous variables are mean-
centered, as stated in the Methods section). The models will be described below and
Table 4 illustrates the results in terms of effect sizes to better understand the importance
of the variables relative to one another, given their varying units of measurement.

The first model only controls for race, income, and their interaction. Blacks and His-
panics have a higher risk of foreclosure than Whites (51.9% and 97.6% higher, respec-
tively) and, as income rises, the risk of foreclosure declines by 22% for each $10,000
increase in income. The second model controls only for segregation. As stated earlier,
while all three segregation variables are included, only the Black–White variable is of in-
terest, as it is the only one suggested to have a causal effect on foreclosures. A one-unit
increase in Black dissimilarity is associated with a 1.5% decrease in a borrower’s risk of
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foreclosure. The coefficients on the race variables are positive overall, but the coefficient
is negative on the Black–White racial segregation variable.

The third, fourth, and fifth models add additional control variables for borrower, loan,
and geographic characteristics. The third model includes only the variables for race, in-
come, and segregation, which does not alter the interpretation of the coefficients found
in model 1 or 2. The fourth model adds an interaction between race and segregation,
which is positive, but does not alter the coefficients on the main race or segregation vari-
ables. The fifth model adds other important loan and borrower control variables (ARM,
FICO, etc.). Adding borrower, loan, and geographic controls does not alter the main ef-
fects found in the first two models regarding the positive impact of race or the negative
impact of segregation on foreclosure.

Finally, the sixth model using nation-wide data adds in the put and call options to
model the joint impact of changes in housing prices and interest rates on foreclosure
risk. The put option is positive, as expected, but the call option is also positive, not neg-
ative. Theoretically, risk of foreclosure should decline as the call option rises because
these borrowers should prepay their loan by refinancing; however, the results suggest the
opposite, that the risk of foreclosure rises as the call option rises. The reason is that dur-
ing the study period, interest rates fell even as the availability of credit declined. As a
result, only borrowers with excellent credit scores were able to get a loan, which would
exclude most borrowers who got subprime loans in the first place. Adding the option
variables reduces most, but not all, of the positive impact of race on foreclosure risk
without altering the negative impact of segregation on foreclosure risk found in each of
the models.

To better understand all the coefficients together, given the presence of both categor-
ical variables, continuous variables with varying units of measurement, and their inter-
actions, Table 4 presents the results in terms of their marginal effects. The marginal
effect for each of the categorical variables is compared to the marginal effect of
one standard deviation (SD) increase from the mean for each of the continuous
variables.

Looking at the effect size of the continuous variables of interest, an SD increase in the
put option (from −2 to 34, i.e., the value of a home is worth 2% more than the value of the
loan vs. 34% less than the value of the loan) increases the risk of foreclosure by a factor of
3. An SD increase in the call option (from 8 to 49, i.e., the interest rate on the home loan
is 8% higher than the current market interest rate vs. 49% higher) increases the risk by
nearly a factor of 2. By contrast, an SD increase in Black–White racial segregation (from
61 to 72, i.e., from a city like Atlanta to Boston) decreases the risk of foreclosure by 12%.
If we examine the raw beta coefficients, then the size of the positive coefficients on the
put and call options is 10 and four times larger, respectively, than the size of the negative
coefficient on Black–White racial segregation.

Looking at the effect size of the categorical variables of interest, Blacks have a 3.8%
higher foreclosure risk than Whites, and Hispanics have a 25.8% higher foreclosure risk
than Whites. Borrowers with an ARM have a 49% higher risk of foreclosure compared
to borrowers with an FRM. Borrowers with a credit score below 620 (i.e., “subprime”)
have a 56.3% higher risk of foreclosure as compared to borrowers with a credit score
above 720 (i.e., “excellent”). If we examine the raw beta coefficients, then the size of the
coefficients on credit score and loan type is much larger than the size of the coefficients
on being Black or Hispanic.
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FIG. 3. Interaction between race and Black segregation.

DISCUSSION

I draw three main conclusions from the results. First, we may accept Hypothesis 1. The re-
lationship between segregation and foreclosure is negative, not positive. Figure 3 presents
the relationship between segregation and foreclosure risk in graphical form for both the
United States and its four regions. Borrowers who live in metro areas with higher levels of
Black–White racial segregation have a lower risk of foreclosure than borrowers who live
in metro areas with lower levels of racial segregation. The negative impact of segregation
on a borrower’s risk of foreclosure appears to be the result of an inverse relationship be-
tween racial segregation and housing price decline, between 2007 and 2013, as shown in
Figure 1. Declines in home prices were larger in cities with lower levels of racial segrega-
tion as compared to cities with higher levels of segregation.

Second, we may partially accept (or partially reject) Hypothesis 2. Racial differences in
risk of foreclosure remain, but most of the difference in the foreclosure rate by race is
explained by the full model. Figure 4 presents the relationship between race and foreclo-
sure for both the United States and its four regions. Unadjusted, the national foreclosure
rate is 50% higher for Blacks and 100% higher for Hispanics, as compared to Whites.
The main model that controls for all covariates and interactions explains 97% of the dif-
ference between Blacks and Whites, and 81% of the difference between Hispanics and
Whites. While racial differences in risk of foreclosure persist, the impact of race on fore-
closure is mostly indirect and appears to operate through the mechanism of housing
price change.

Third, we may partially accept (or partially reject) Hypothesis 3. There is an interaction
effect between segregation and race, but it does not offset the main effects of segregation
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FIG. 4. Model-adjusted cumulative foreclosure rate by race.

or race. Figure 3 also graphs the relationship between foreclosure risk and the interac-
tion of race and segregation. The interaction effect is positive, as Blacks living in highly
segregated cities (+1 SD above the mean) have a higher risk of foreclosure than Whites
who also live in highly segregated cities. However, the main effect remains, as Blacks living
in cities with lower levels of segregation have a higher risk of foreclosure than Blacks liv-
ing in cities with higher levels of segregation. Further, the coefficients on the interaction
terms between race and segregation are insignificant in each of the four Census regions.
The impact of race may be exacerbated by the impact of segregation, but neither of these
appears to offset the importance of housing price change in determining a borrower’s
risk of foreclosure.

CONCLUSION

Segregation is an important factor in understanding the foreclosure crisis, but may oper-
ate in different ways depending on the stage of a home loan. The primary, positive impact
of segregation on foreclosure risk operates prior to loan origination through the differ-
ential access to loan quality by race. After loan origination, the results presented here
indicate that the impact of segregation is negative. Instead of segregation, it is home
price decline that has the largest and positive impact on a borrower’s risk of foreclosure,
and explains most of the difference in the cumulative foreclosure rate by race, especially
between Blacks and Whites.

The primary explanation for the negative impact of segregation on foreclosure risk
found in the results is the inverse relationship between segregation and housing price
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decline. While housing prices rose across the country in the period prior to the foreclo-
sure crisis, housing prices rose most in cities with lower levels of segregation, as shown in
Figure 1. Cities with high levels of racial segregation are older and more industrial, with
stable or even declining population levels and related housing price changes. By contrast,
cities with low levels of racial segregation are newer and less industrial, with rising popula-
tion levels, and related housing price changes. After the foreclosure crisis began in 2007,
housing prices declined the most in the cities where housing prices increased the most
prior to the beginning of the crisis, cities with lower levels of segregation. Therefore, bor-
rowers living in cities with high levels of segregation were more “protected” from large
declines in housing prices.

Housing price change, as measured by the put option, is also the mechanism that con-
nects race and foreclosure. While the final model, which included the option variables,
explained 97% of the unadjusted difference in the foreclosure rate between Blacks and
Whites and 81% of the unadjusted difference between Hispanics and Whites, this does
not negate the role of race in foreclosure. Instead, it reveals how race indirectly affects
foreclosure. Given declines in housing prices, borrowers responded in similar ways, re-
gardless of race; however, housing price decline was not experienced equally by race.
The degree to which housing price change explains differences in the foreclosure rate
by race suggests that the impact of race on foreclosure risk is indirect, operating through
the direct impact of housing price decline.

However, differences in the foreclosure rate by race persist, even after controlling for
loan, borrower, and home price characteristics. The mechanisms that explain the impact
of race on foreclosure after loan origination are less clear, and it is hard to disentangle
the role of segregation as distinct from discrimination (Yinger 1995). One possible ex-
planation is the role of racial differences in assets and wealth (Oliver and Shapiro 2006).
While wealth is used in determining access to loan quality, it is not a variable available in
the data used here. Wealth is critical for paying regular, fixed expenses, like a mortgage,
in the presence of temporary or permanent declines in household income due to nega-
tive life events, like divorce and job loss. Racial differences in wealth mean that non-White
borrowers cannot use personal savings to pay for a mortgage as much or as long as White
borrowers can.

Another possible explanation is that racial differences have an effect on the ability of
loan modifications to both reduce foreclosure risk and also achieve long-term financial
stability (for a discussion of class differences in loan modifications, see Owens 2015). The
ability of borrowers to either refinance or restructure the terms of a current loan in the
face of mortgage delinquency or default is limited. It often requires the assistance of
lawyers and loan counselors, who can be expensive. Further, a loan modification is not
necessarily a positive outcome in itself (Collins et al. 2013). Many modifications reduce
the monthly payment by extending the time on the mortgage, which makes the loan
more expensive and costly in the long run. While loan modification is used as a control
variable here, more work needs to be done to understand the role of loan modifications
in ameliorating or perpetuating racial differences in foreclosure risk.

Differences in the underlying data make it difficult to compare the evidence presented
here regarding the negative impact of segregation to the positive impact found in other
studies (Rugh 2015). As stated earlier, the data used here are derived from securitized
loans, which are primarily, but not exclusively, composed of subprime loans. Therefore,
the data are not representative of all loan types, but rather securitized loans, most of
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which are subprime. The majority of subprime loans were securitized, and subprime,
securitized loans accounted for the majority of all foreclosures during the crisis. At the
same time, sensitivity tests indicate that the results also hold with a subsample of prime
loans that are also contained in the data. Further, the foreclosure data from the CTS are
highly correlated to foreclosure data on all loans from RealtyTrac, as shown in Figure 2.
Therefore, the data are well suited to examine the issues addressed in this paper.

Unfortunately, a nationally representative sample on home loans that combines both
demographic and loan performance data does not exist. Therefore, the results presented
here neither prove nor disprove previous findings. Instead, the mismatch suggests that
there may be important differences in how the relationship between racial segregation
and foreclosure depends on the structure of the data. In fact, one possibility is that cities
with both high levels of racial segregation and rates of foreclosure may have had lower
concentrations of subprime loans, as compared to other parts of the country (Mayer and
Pence 2008). Additional research is needed to assess when and how residential segrega-
tion matters for foreclosure risk to better understand the complete relationship between
the two.

While one must exercise caution before extrapolating the results presented here to
make population-level conclusions, it is also possible to draw a few connections and impli-
cations from the analysis to broaden our understanding of the relationship between race,
segregation, and foreclosure. A critical one is that our understanding of the relationship
between segregation and foreclosure is based on cities with high levels of Black–White
segregation, but the housing crisis primarily took place in cities with low levels of Black–
White segregation. This is not to suggest that issues of inequality disappear, but that they
may not look the same in different types of cities. Regional differences in inequality are
evident if one compares the impact of being Black on a borrower’s risk of foreclosure
across each of the four Census Regions, the coefficient is positive and significant only
in the Northeast and Midwest, but the foreclosure crisis was most concentrated in the
Western and Southern parts of the United States. Therefore, future emphasis should be
placed on doing more research on housing-related issues in cities with large and rising
populations, such as Atlanta, Houston, and Los Angeles, which are perhaps comparably
more representative of modern urban life in the United States, as compared to older
cities with stagnating or declining populations, such as Boston, Chicago, or Detroit.

It is also important to remember that racial and/or geographic disparities in lending
or foreclosure are not by themselves indicative of discrimination. Previous research indi-
cates that including information on loan characteristics explains a large proportion of the
difference in denial rates on loans by race (Munnell et al. 1993). The results presented
here mirror that basic idea. Controlling for loan quality explains a large proportion of
the difference in the foreclosure rate between Blacks and Whites. While racial differences
remain, researchers must be diligent to include all relevant control variables and distin-
guish the impact of race and segregation on loan origination as distinct from their impact
on foreclosure. The persistent issue is that the data that may be most useful in examining
the relationship between race, segregation, and foreclosure, which also include all rel-
evant control variables across the universe of borrower types and loan qualities, remain
difficult to assemble and access. Therefore, more work ought to be done to expand data
availability for those without connections to banking or regulatory institutions.

A final issue of concern to both researchers and policy makers is the role of housing
prices as the mechanism through which race and segregation affect foreclosure. On the
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one hand, the idea that housing prices constitute a dominant factor that affects foreclo-
sure is not surprising; in fact, it would be unusual if housing prices were not important.
On the other hand, the role of race and segregation on foreclosure appears to dominate
in research on this topic area within the discipline of sociology, as well as larger policy
debates. As suggested earlier, one of the reasons for this is data availability, but there is
also a larger issue of concern when one under emphasizes the role of housing prices.

While the main focus of this paper is on foreclosure, there is also the issue of staying
current on a loan that is underwater, which may never regain its original value. Given
the importance of home ownership as a component of wealth, racial differences in loan
status for homes that are underwater could exacerbate the current racial inequality in
terms of wealth. Future work ought to supplement the quantitative evidence presented
here with qualitative work to better understand racial differences in terms of who stays
current and who defaults on home loans, extending the work of Owens (2015) on class.

The findings presented here add complexity to the prevailing understanding of the
relationship between race, segregation, and foreclosure during the crisis. Black–White
racial segregation has a negative impact on a borrower’s risk of foreclosure, and the in-
clusion of housing price change explains most of the difference in the foreclosure rate
by race. The results indicate that the role of home prices is a dominant factor that af-
fects foreclosure risk. The less a home is worth with respect to the balance of the loan,
the higher the risk of foreclosure. However, the importance of housing prices does not
negate the role of race or segregation. Instead, the results suggest that race, segregation,
and housing prices contribute to foreclosure risk in multifaceted ways.
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Notes

1Specifically, www.ctslink.com > residential securities (MBS) > other reports and files: shelf documents.

Then, each of the following folders beginning with the phrase “Columbia Collateral File”: “1999 deals & prior,”

“2000 thru 2004 deals,” “2005 deals,” “2006 deals,” “2007 deals,” “2008 deals.” Raw data files are available within

each “deal year” for each month. As recently as August 2017, ctslink.com has restricted the data available online

to only include the most recent month of loan performance data within any given deal year. However, interested

researchers may contact the author to gain access to the loan performance data from December 2006 through

December 2015. Please note, the total file size is about 50 GB.
2As stated in (2011), “The Mortgage Market Statistical Annual (2007) reports securitization shares of sub-

prime mortgages each year from 2001 to 2006 equal to 54%, 63%, 61%, 76%, 76%, and 75%, respectively.”
3Of the 5 million unique loans in the full sample, 3.3 million of which were issued between 2004 and 2007,

2.5 million of which contain at least one characteristic of a subprime loan (LTV >= 700, FICO >= 720, a high

cost loan, or an adjustable rate mortgage [ARM]).
4Estimates may differ on the number of subprime loans because definitions differ on what qualifies as a

subprime loan. Further, different sources provide different figures. For example, using HMDA data, there
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were 8.7 million “high-priced” loans issued between 2004 and 2007 (Avery et al. 2008; Mayer et al. 2009).

At the same time, using loan performance data, a proprietary dataset on home mortgages, Chomsisengphet

and Pennington-Cross (2008) find that 11.4 million subprime loans were issued between 2004 and July 2007.
5Most loans on single-family homes are prime loans, and subprime loans never constituted more than 20%

of mortgage originations in any one year (Furlong and Krainer 2007).
6The results also hold with a sample of prime loans included in the data, as detailed in the Sensitivity Analysis

section of Appendix A.2.
7The peak years of subprime loan origination were between 2004 and 2006, while 2007 was the lowest in

number and amount since 2001 (Schwartz 2010; Mayer et al. 2009).
8Given that the data are panel with multiple observations of individual loans, the random sample is a 20%

sample of loan clusters. The protocol is as follows: I keep one observation from each loan for each state, keep a

20% random sample from the remaining observations, merge the original dataset with the sample (m:1), and

keep the matched observations. This follows the protocol suggested by STATA:

(www.stata.com/support/faqs/data-management/sampling-clusters/).
9First lien (i.e., mortgage) loans include loans used to refinance a mortgage, which is why refinancing is

included as a control variable.
10In keeping with the literature, I also declare that a “short sale” is a foreclosure as opposed to a prepayment,

which is how it is identified in the raw data. A short sale is a loan that is paid off, but it is comparably more like

a foreclosure than a prepayment. Unlike prepayment, a short-sale has a negative impact on a borrower’s credit

score. Like foreclosure, a short-sale leaves the full amount of the loan unpaid. Designating a short-sale as a

foreclosure alters the loan status of 6% of all loans, but the declaration of a short-sale as a foreclosure instead

of a prepay does not alter the main findings (as shown in the Sensitivity Analysis in Appendix A.2).
11The current market interest rate is taken from the monthly federal interest rate for a 30-year fixed-rate

mortgage (FRM), as determined by the Primary Mortgage Market Survey (PMMS), publicly available from

Freddie Mac (http://www.freddiemac.com/pmms/pmms˙archives.html).
12According to Blackburn and Vermilyea (2012), the average mortgage application overstated income be-

tween 15% and 20%, but “there is little support this overstatement played a substantial role in the subsequent

mortgage defaults.”
13US2010 Project, www.s4.brown.edu/us2010/Data/Download1.htm.
14Specifically, the coefficient on the main effect of Black segregation is −0.0123 and the interaction effect is

−0.0002. Therefore, income for all borrowers must be negative for the effect of income to cancel the effect of

segregation, specifically, −$62,000 (0 = −0.0002(−61.5) − 0.0124).
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APPENDIX

CONTROL VARIABLES

FICO is a number from 300 to 850 that indicates the probability a borrower will repay
a loan; the higher the number, the lower the probability of foreclosure. A credit score
below 620 is considered to be subprime credit and a score above 720 is considered to be
“excellent” (Capone 2001). In keeping with the literature, I categorize FICO into four
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groups because the effect of credit on foreclosure is nonlinear. I expect that credit score
has a negative effect on a borrower’s risk of foreclosure, which is to say as categories of
FICO rise, the risk of foreclosure falls.

The region indicates the location of the loan according to its Census region (Northeast,
Midwest, South, and West). The distribution of loans across geography is as follows: 41%
of loans are in the West, 30% are in the South, 15% are in the Midwest, and 14% are
in the Northeast. Without controlling for region, then the effect of segregation might
simply be explained by a select number of MSAs with large numbers of foreclosures at
either end of the distribution of segregation. Controlling for region, the coefficient on
segregation captures the average effect across the entire country.

High-cost loan is a dichotomous variable used by federal regulatory agencies to indicate
that the interest rate on the loan at origination is 300 basis points, or three percentage
points, higher than the current market interest rate. According to the high-cost indicator,
42% of the loans in this sample are subprime, and I expect these loans to have a higher
risk of foreclosure in accordance with their subprime status.

LTV is the ratio of the loan to the value of the house at origination or, put another way,
it is 100 minus the down payment. For example, if a borrower made a down payment of
20%, the LTV would be 80. The higher the LTV, the lower the amount of homeowner eq-
uity is at stake, and the greater a borrower’s risk of foreclosure (Kelly 2008). Average LTV
in the sample is 81. Of note, the maximum LTV is 125, and 10% of borrowers who used
their loan to purchase a home have an LTV over 100. An LTV greater than 100 means that
a borrower has negative equity in the home, which, along with ARM, is another defining
feature of a subprime loan.

Loan purpose indicates whether a loan was used for a home purchase or refinancing,
when a borrower replaces an existing loan with a new loan. Refinancing is often done
to take advantage of more favorable mortgage interest rates and therefore reduces a bor-
rower’s risk of foreclosure relative to a loan used for home purchase. The dataset is nearly
split in half between loans used for purchase and loans used for refinancing.

PTI is a dichotomous variable indicating whether a borrower’s monthly payment and
interest divided by monthly income at time of loan origination is greater than or equal to
31%. A PTI of 31% is the threshold above which the Federal Housing Authority deems a
loan to be unaffordable and therefore at a greater risk of foreclosure. Fourteen percent
of borrowers have a PTI greater than or equal to 31%.

Loan modification is a time-varying, dichotomous variable indicating whether a loan
has been modified from its original terms to reduce the risk of foreclosure by providing
temporary relief to the borrower. Fifteen percent of loans have been modified from their
original terms.

Mortgage type is a time-varying, dichotomous variable indicating whether a loan is an
ARM, where the interest rate on the loan floats with the market interest rate, or an FRM,
where the interest rate remains fixed over the life of the loan. ARMs have a higher risk of
foreclosure than loans that are fixed. Nearly 69% of the loans in the sample are adjustable
rate mortgages.

SENSITIVITY ANALYSIS

I compare the sensitivity of the main findings across 13 alternate model specifications in
order to measure the robustness of the results. The alternate specifications fall into two
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main categories. The first category deals with the measurement of key variables and uses
the data that match CTS data with HMDA data, as has been presented thus far, as shown
in Tables A.1 and A.2.

Model 1 is the main model and is included for comparison. Model 2 replaces the dis-
similarity index of Black segregation with an isolation index, another popular measure
of segregation that indicates the proportion of one’s own group members in a tract in-
habited by the average own-group member. For example, a Hispanic isolation index of
60 indicates that the average Hispanic lives in a tract that is 60% Hispanic (e.g., Atlanta).

Model 3 modifies the competing risks analysis to isolate and examine the risk of 90+
days delinquent (i.e., “serious”) on a home loan against the competing risk of prepay-
ment. This distinguishes the risk of foreclosure from the risk of delinquency, as it is
possible that the risk of one might not translate into the risk for the other, or vice versa.
Model 4 uses a subset of the samples that are clearly prime loans, as defined in the table
note. This allows one to test the sensitivity of the results by the quality of loans. While
subprime loans are of great interest, as the foreclosure crisis was primarily the result of
a collapse of the subprime market, prime loans comprise the vast majority of all loans
issued.

Model 5 restricts the study period to 2007–2010, the time period of the foreclosure
crisis, but excludes the aftermath. Model 6 defines a short sale as a prepayment, as it is in
the raw data, instead of as a foreclosure as in the main model (1). Model 7 includes and
controls for borrowers who enter into bankruptcy.

Model 8 adds an additional interaction to the main model between income and Black
segregation in order to address the concern that the average income in the sample is too
high. By itself, the fact that the sample income is too high is not a problem. If the sample
is too high income in places with too little segregation to capture the true effect of seg-
regation on a borrowers’ risk of foreclosure, then the results might be compromised by
selection bias. The coefficients on the main effect of Black segregation and the interac-
tion effect, which reflects the effect of segregation at a hypothetical effect of zero income,
are both negative. Therefore, income for all borrowers must be negative for the effect of
income to cancel the effect of segregation.14

The second category of alternate specifications deals with sample exclusions and inclu-
sions, as shown in Tables A.3 and A.4 . This category uses all the CTS data, including, but
not exclusive to, the data that match HMDA. The matched and unmatched sample con-
tains data that were previously dropped because of missing information on a borrower’s
race and income. I replace this missing information by assuming various configurations
of race and income. For example, all the missing race observations are either Black, His-
panic, or White and the missing income observations are either high or low (three times
larger or one-third smaller than the median income in a borrower’s metro area, respec-
tively). Testing the sensitivity of the results by making assumptions about observations
with missing data is a method of overcoming issues of selection broadly based on the idea
of bounded results proposed by Manski (1989).

The direction and magnitude of the coefficients are similar to the main model, where
they are significant. The smaller, negative effect of being Black and Black segregation as
well as the larger and positive effect of the put and call options are robust to a variety of
alternative specifications.

Matched loans: Tables A.1 (independent variables of interest) and A.2 (control
variables):
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RETHINKING THE ROLE OF RACIAL SEGREGATION IN THE AMERICAN FORECLOSURE CRISIS

1. Main model with all borrower, geography, loan characteristics, and interactions.
2. Use an isolation index of segregation.
3. Competing risk of 90+ days delinquent against the competing risk of prepayment.
4. Prime loan is a loan with a fixed-rate mortage, not a high-cost loan, a down payment

>= 20%, and a credit score >= 720 5.6% of all loans meet all four criteria of a prime
loan.

5. Study period from 2007–2010, i.e., the time period of the foreclosure crisis.
6. Does not account for short-sale, i.e., short-sale is counted as a prepayment.
7. Includes and controls for loans that enter into bankruptcy.
8. Include an interaction between income and segregation.

Matched and unmatched loans: Tables A.3 (independent variables of interest) and A.4
(control variables):

1. Main model with all borrower, geography, loan characteristics, and interactions.
2. Observations with missing race are Black, and observations with missing income are

with high income (3 × median income of metro area).
3. Observations with missing race are Black, and observations with missing income are

low income (1/3 median income of metro area).
4. Observations with missing race are Hispanic, and observations with missing income

are high income.
5. Observations with missing race are Hispanic, and observations with missing income

are low income.
6. Observations with missing race are White, and observations with missing income are

with high income.
7. Observations with missing race are White, and observations with missing income are

low income.

Note: The total number of observations in the models with both matched and un-
matched loans (Tables A.3 and A.4) are not identical across models where loans with
missing income are replaced with either low or high income. The reason is that when
cases with missing income are replaced with low income (one-third smaller than the me-
dian income in a borrower’s metro area), some of these cases contain loans with income
that is below the 1st percentile. As stated in the Data section, I drop loans with borrower
income in the top and bottom 1% of the distribution.
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