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Abstract

This paper examines the long-term impact of keeping versus losing one’s home following a
mortgage delinquency in the aftermath of the Great Recession, studying the trajectory of home-
ownership, consumption, and financial well-being over the subsequent decade. Our research de-
sign leverages the substantial number of households that experienced temporary income shocks
and the turbulence of the foreclosure crisis — we focus on individuals who were seriously delin-
quent on their mortgages and compare outcomes between those who received a mortgage modi-
fication and those who did not. These two groups exhibit highly similar pre-trends in financial
outcomes prior and during the Great Recession but diverge by 36 percentage points in their short-
term likelihood of retaining homeownership. More than half of this disparity persists nearly a
decade later, translating into an average capital gain of $83,000 in the housing market. Surpris-
ingly, despite these significant differences in homeownership and wealth accumulation, keeping
a home does not appear to influence the path of creditworthiness, proxies for consumption, and
the income rank of one’s residential neighborhood.

JEL Classification: G51, R21, R28
Keywords: Homeownership, Foreclosure, Housing Wealth, Great Recession

*We are grateful for financial support from Duke University, the Wharton Dean’s Research Fund, the Research Sponsors
Program of the Zell/Lurie Real Estate Center at Wharton and both the Art Wright Fund in Financial Economics and the
Center for Real Estate and Urban Economic Studies at the University of Connecticut. We thank Flora Gu, Jinlin Li, and
Xu (Chinncy) Qin for excellent research assistance. We also thank Valentina Duque, Sasha Indarte, Lu Liu, Kris Gerardi
and seminar participants at the Urban Economics Association meetings, Wharton Urban and Real Estate Seminar and
the Applied Micro seminar at Syracuse University for many helpful comments.

1



1 Introduction

The U.S. government has long prioritized expanding homeownership, allocating approximately $400

billion in annual subsidies to advance this objective.1 Beyond its potential broader social bene-

fits, homeownership is widely regarded as a key pathway to individual wealth accumulation and

improved access to credit (Goodman and Mayer 2018). However, homeowners are vulnerable to nu-

merous employment and income risks, including economic recessions (Hoynes, Miller, and Schaller

2012), firm closures and mass layoffs (Davis and Von Wachter 2011), technological advancements

(Acemoglu and Restrepo 2020), trade shocks (Autor, Dorn, and Hanson 2013), and health crises

(Lenhart 2019). Although these economic shocks are often temporary, they can severely impair a

household’s ability to meet mortgage obligations, leading to delinquency and, ultimately, foreclosure.

The resulting loss of a home — along with depleted home equity and potential damage to credit-

worthiness — is a well-recognized downside risk of homeownership. Yet, our understanding of the

long-term consequences of home loss following an economic shock remains limited.

The causal effects of homeownership are of substantial importance, but quasi-experimental vari-

ation in homeownership status is rare. Sodini et al. (2023) provide evidence on the benefits of home-

ownership using a unique setting in which renters of public housing co-ops in Stockholm, Sweden,

faced quasi-random changes in the ability to transition into homeownership. However, little is known

about the consequence of losing a home, despite the fact that home loss is a common outcome during

times of economic instability. There are two critical challenges to studying this aspect of homeowner-

ship. First, obtaining a comprehensive longitudinal dataset that captures income shocks, homeown-

ership status, and related financial indicators for a large population is inherently difficult. Second,

significant selection concerns arise: households facing negative income shocks may differ systemat-

ically from those with stable incomes, and furthermore, the ability to sustain homeownership in the

aftermath of such shocks is often contingent on access to liquidity. As a result, retaining homeowner-

ship is likely correlated with a wide range of economic and financial factors that also shape long-term

outcomes.

This paper overcomes these challenges to provide the first estimates of the long-run impact of

losing one’s home following a severe economic shock. Specifically, we examine how home loss in the

1See FY2025 10-year projected estimates from the Federal Government Office of Management and Budget. The main
expenses include deductibility of mortgage interest and local property taxes on owner-occupied homes, capital gains exclu-
sion on home sales, and exclusion of net imputed rental income. Those estimates can be even higher after accounting for
subsidies from government-backed mortgage institutions, such as Freddie Mac and Fannie Mae, and from other mortgage
programs from FHA and Ginnie Mae.
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aftermath of the Great Recession influences the long-run trajectory of homeownership, consump-

tion, residential location, and financial well-being. To address the first challenge, we utilize a unique

dataset of 380,000 individuals from seven major U.S. markets who became homeowners or refinanced

their mortgages between 2004 and 2008 (Bayer, Ferreira, and Ross 2016; Bayer, Ferreira, and Ross

2018). We obtained their credit reports at three-year intervals from June 2004 to June 2022, en-

abling us to track changes in homeownership, delinquency, and foreclosure status over time, along

with various financial and consumption-related indicators. These recent mortgage borrowers experi-

enced high rates of economic distress during the Great Recession, leading to a significant number of

delinquencies and foreclosures (Bayer, Ferreira, and Ross 2016; Chan, Haughwout, and Tracy 2015).

We tackle the selection issue by implementing a novel research design that compares two groups

of homeowners who experienced similar negative income shocks but had different probabilities of re-

taining their homes due to mortgage modifications. This approach leverages three key stylized facts

about the Great Recession and its foreclosure crisis. First, nearly all mortgage defaults during the

Great Recession were driven by temporary income shocks (Ganong and Noel 2023). Second, mortgage

servicers, while more likely to grant modifications to borrowers with stronger credit profiles, lacked

the capacity to effectively evaluate and process the overwhelming volume of delinquent households

in the aftermath of the Great Recession, leading to a chaotic modification approval process (Agar-

wal et al. 2011a; Cordell et al. 2008; Ross and Wang 2021). Indeed, as we show below, based on

all available observable variables, the ability for severely delinquent borrowers to get a modification

during this period appears to have been close to random. Third, mortgage modifications significantly

reduced the short-term likelihood of home loss among financially distressed households during the

crisis (Agarwal et al. 2017; Ganong and Noel 2020).

We focus specifically on distressed mortgage borrowers who experienced a 90-day delinquency at

any point in the two years leading up to June 2010, which represent a full 18% of our overall sample.

Within this group, we compare outcomes between the treated group—the 24% of individuals who

received a mortgage modification within the following three years—and the control group, consisting

of those who did not receive a modification. We find large effects on the short-term maintenance

of homeownership: by June 2013, the likelihood of maintaining homeownership declined by 51 per-

centage points for the control group, compared to only 15 percentage points for the treatment group,

meaning modifications helped preserve homeownership for 36% of these borrowers. We show that

half of the reduction in homeownership for the control group is due to differences in foreclosure rates,

with the other half likely attributable to variations in short sales (Ferreira and Gyourko 2015).
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Next, we conduct a series of tests to validate our estimates and research design. We show that

the treatment and control groups exhibit remarkably similar pre-trends in homeownership and a

wide variety of other credit, consumption, and financial variables. We also provide evidence that

selection into receiving a modification is minimal once the comparison is limited to homeowners who

faced a 90-day mortgage delinquency. Specifically, our analysis of borrower characteristics reveals

that delinquent borrowers who received a modification were predicted to be slightly less likely to own

a home in 2013 compared to those who did not, suggesting only modest selection effects. Consistent

with minimal selection on observables, our main short-term homeownership effect of 36 percentage

points is highly stable to a wide variety of controls, including a broad set of individual, house, loan,

and neighborhood characteristics. It is also robust to using a national sample of Fannie Mae mort-

gages where we can observe detailed underwriting variables and the identity of the loan servicer.

Finally, houses in both treatment and control groups have almost perfect co-movement in price ap-

preciation, which helps to rule out any potential endogeneity in modifications stemming from bank

considerations of (i) recent house price depreciation, (ii) the household’s current equity position, or,

most interestingly, (iii) any expected future gains in house values.

Finally, we conduct a long-term analysis. We find that the substantial difference in homeown-

ership rates in 2013 persists over time: in 2022, the treated group remain 19 percentage points

more likely to be homeowners. This suggests the potential for considerable differential wealth accu-

mulation between those who retained versus lost their homes. Capital gains calculations based on

initial purchase price, purchase date, and local housing price appreciation indicate that if all borrow-

ers had retained their homes, appreciation gains would have been similar across groups. However,

accounting for home loss and relocation effects, by 2022, the modification group accumulated an av-

erage of $83,000 more in housing wealth compared to their non-modification counterparts, a sizable

differential return on initial equity levels.

We also test for long-term outcomes beyond homeownership. We find that the credit scores of

treatment and control groups followed nearly identical trajectories throughout the period—both be-

fore the delinquency and over the decade following it.2 Further, trajectories for credit card balances,

auto loan payments, and future credit delinquencies are strikingly similar. The groups also live in

remarkably similar neighborhoods long-term, as measured by the income percentile of the ZIP of

2This consistency may seem surprising, as one might expect lower credit scores for households that lost their homes
through foreclosure or short sale. We find that both groups experience major drops in creditworthiness at the time of
delinquency. Mortgage-related major credit derogatories can include 90-day delinquencies and foreclosure notices, as well
as losses from modifications, short sales, and foreclosure sales. As a result, any eventual foreclosure may have only a
modest effect on credit score, over and above the impact of an initial severe delinquency and/or foreclosure notice.
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residence. Overall, the significant differences in homeownership status from 2013 to 2022 had little

apparent impact on long-term financial conditions and neighborhood resources.

The absence of a noticeable consumption response may seem surprising at first, given that treated

households experienced substantial gains in housing wealth and several previous studies have found

that rising home values stimulate consumption.3 In many of these studies, however, the relaxation of

collateral constraints has been a key channel through which housing wealth influences consumption

(DeFusco 2018; Sodini et al. 2023). In contrast, our sample of severely delinquent borrowers appear

to have had limited ability to borrow against their home equity in the period following the financial

crisis. For example, in line with the broader tightening of cash-out mortgage credit, we show below

that almost no one, in either the treated or control groups, opened a new home equity line of credit in

the entire period from 2010 through 2022. Another potential explanation for the lack of a consump-

tion response is a lasting behavioral impact of experiencing a severe negative income shock, a sharp

decline in home values, and the associated threat of foreclosure, which may have made households

more reluctant to finance consumption using accumulated housing equity.

Overall, our findings suggest that home loss does not inevitably lead to long-term financial ruin

for homeowners. During the period surrounding the Great Recession, we find that while those who

were able to remain homeowners accumulated significant additional wealth, those who lost their

homes maintained similar trajectories in neighborhood income, consumption, and creditworthiness.

While downside risks of homeownership related to the potential loss of home equity remain, these

findings suggest that the potential for even greater financial losses is more limited.

The rest of the paper is organized as follows. Section 2 provides background on the Great Re-

cession as it relates to our analysis. Section 3 describes the data and research design, including

validation exercises. Section 4 outlines our main results. Section 5 details the robustness of our

results. Section 6 concludes.

2 Background

Housing prices in US metropolitan areas entered a period of rapid appreciation in the late 1990s and

early 2000s, until they reached a peak around 2006 (Ferreira and Gyourko 2023), an increase ac-

companied by a growing housing supply, increasing mortgage transactions, and an increasing share

3The evidence on the magnitude of these effects is somewhat mixed. For instance, Aladangady (2017), Graham and
Makridis (2023), and Mian, Rao, and Sufi (2013) document large wealth effects, whereas Browning, Gørtz, and Leth-
Petersen (2013), Disney, Gathergood, and Henley (2010), and Guren et al. (2021) report more muted responses.
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of mortgages originated by subprime lenders (Chan, Haughwout, and Tracy 2015; Mayer, Pence,

and Sherlund 2009). By late 2006, housing prices had begun to fall, the subprime sector started

to contract, and foreclosure starts increased from close to zero to 0.6% in early 2007. Then, as the

financial crisis worsened and the Great Recession began, housing prices fell rapidly, BLS-reported

unemployment rates soared to 10% in 2009, and foreclosure starts more than doubled to 1.4% in

early 2009 (Been et al. 2011a). Foreclosure starts remained at a high level throughout 2010 cre-

ating a large stock of seriously delinquent mortgages—in the 24 months preceding June 2010, as

the Great Recession built, 16% of households experienced a 90-day delinquency on their mortgage.4

Many studies have also documented that the beginning of the foreclosure crisis was worse for minor-

ity and low-income borrowers and the neighborhoods in which they resided, e.g. Bayer, Ferreira, and

Ross (2014) and Bayer, Ferreira, and Ross (2016), Ghent, Hernández-Murillo, and Owyang (2014),

and Chan et al. (2013).

The factors driving the increase in foreclosures during the Great Recession have been extensively

discussed, including the decline in underwriting standards (Bhutta and Keys 2022; Keys et al. 2010;

Mian and Sufi 2009), fraud (Jiang, Nelson, and Vytlacil 2014; LaCour-Little and Yang 2013), housing

price declines (Palmer Forthcoming), and lack of liquidity arising from temporary income shocks

(Ganong and Noel 2020). While many of the early explanations focused on the features of subprime

loans, the evidence suggests that other market forces were primary drivers of the overall foreclosure

crisis.5 The most recent research points to negative equity due to housing prices declines (Ferreira

and Gyourko 2015; Palmer Forthcoming) and temporary income shocks (Ganong and Noel 2020) as

the main drivers of the foreclosure crisis. Foote et al. (2008) and Campbell and Cocco (2015) note

that even when a homeowner is in negative equity, the option value associated with potential future

capital gains can be quite large, and households are unlikely to default on their mortgage unless they

experience a significant income shock and face liquidity or borrowing constraints. Bhutta, Dokko,

and Shan (2017) further suggest emotional attachment and various behavioral factors as another

explanation for low rates of default. In this context, declining housing prices put households at risk

of losing their home, but default was unlikely to occur unless the household experienced a significant

4These numbers and later Fannie Mae statistics cited in this section are based on Fannie Mae public loan performance
data for mortgages issued between 2004 and 2008

5While rate resets of subprime adjustable rate mortgages were often highlighted as an important driver of foreclosure,
LIBOR rates peaked in the second quarter of 2006 and fell rapidly starting in the third quarter of 2007. Foote et al. (2008)
show that most subprime borrowers who defaulted, did it well before the rate reset date, also observing that defaults
were more sensitive to house price declines than interest rates. Moreover, Ferreira and Gyourko (2015) show that home
losses among subprime borrowers only exceeded losses among prime borrowers in the early stages of the crisis, prior to
2009. Early in 2009, home losses among prime borrowers grew rapidly and between 2009 and 2012 twice as many prime
borrowers lost their homes as subprime borrowers.
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income shock. Overall, Ganong and Noel (2020) conclude that 70 percent of foreclosures were driven

solely by negative life events (i.e., cash-flow defaults), while 24 percent were driven by the interaction

between negative life events and negative equity.

How did mortgage servicers respond to the crisis? Agarwal et al. (2011a) find that within six

months of becoming seriously delinquent in 2008, more than half of mortgages had no recorded ac-

tion related to either foreclosure or loss mitigation, which they attribute to an industry that was

overwhelmed by the number of problem mortgages and the severe asymmetries of information faced

during the loss mitigation process. Ross and Wang (2021) show that the fraction of borrowers with

150+ day delinquencies who did not have a foreclosure filing in their credit report increased substan-

tially starting in 2006. Cordell et al. (2008) notes that considerable consolidation occurred during the

run up to the housing crisis yielding labor savings from economies of scale. However, loss mitigation

was labor intensive with minimal economies of scale compared to traditional servicing activities, and,

as a result, servicers lacked both the staff and the technology to adequately support loan modifica-

tion efforts. Not surprisingly, Agarwal et al. (2011b) and Reid, Urban, and Collins (2017) document

substantial heterogeneity across servicers in whether modifications were even offered to borrowers.

In fact, the fraction of Fannie Mae mortgages that received an initial modification was flat at less

than 0.03% of all mortgages from the first quarter of 2008 at the start of the Great Recession to the

first quarter of 2009.

The modification-related strain on servicers increased by at least an order of magnitude follow-

ing the announcement of the Home Affordable Modification Program (HAMP). In publicly-available

data on Fannie Mae loan performance, we observe a twenty-fold expansion in the volume of initial

loan modifications per quarter by mid-2010, a little over a year following the announcement of the

HAMP program in early 2009. Agarwal et al. (2017) exploit variation in the pre-HAMP modification

experience of loan servicers to estimate the effect of HAMP, concluding that HAMP led to 1 million

additional modifications. This rapid expansion in modifications was managed by an industry that

was already overwhelmed and under-resourced.

In sum, the Great Recession represents an economic episode in which a substantial share of U.S.

homeowners faced temporary incomes shocks, had negative equity in their homes, and, in many

cases, had limited savings or access to credit to support continued mortgage payments. In response

to federal policies, a rapid expansion of mortgage modifications occurred in a moment when loan ser-

vicers had minimal experience and insufficient resources to manage these circumstances effectively,

leading to review and decision processes that were often characterized as cursory and chaotic. Fur-
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ther, most homeowners themselves had no experience with, or even prior knowledge of, the potential

for mortgage modifications. Consistent with this context, in the research design section below, we

show that there are minimal observable differences in levels and trends between seriously delinquent

mortgage borrowers who received and did not receive a mortgage modification.

3 Data and Research Design

In this section, we present our novel individual level panel data and demonstrate how the unique

context of the Great Recession supports our research design: a large fraction of the U.S. population

were new homeowners, income shocks were pervasive, and loan modifications, though chaotically

implemented, were ultimately effective at keeping people in their homes.

3.1 Sample and Data Sets

We begin with a sample of new mortgage originators, households that either purchased a new home

or refinanced an existing mortgage between 2004 and 2008. This sample was originally developed

in early 2009 by a subset of the authors, who used Home Mortgage Disclosure Act (HMDA) data

and transaction and lien data from Dataquick Inc. to select a stratified, random sample of mort-

gages originated in seven key US housing markets, covering 50 large counties, from 2004 through

2008—see Bayer, Ferreira, and Ross (2016) and Bayer, Ferreira, and Ross (2018) for details.6 These

earlier papers linked this sample of borrowers and mortgages to credit data from 2009, examining

how these households fared in the foreclosure crisis that occurred in the immediate aftermath of the

Global Financial Crisis during the Great Recession. In the current paper, we follow this sample of

borrowers through 2022, allowing us to examine how many aspects of their lives were affected in the

medium to long run.

Specifically, the original sample includes 270,000 home purchase and refinance mortgages orig-

inated during the summers of 2004 through 2008 by a mix of single borrowers and co-borrowers,

often married couples, for a total of 380,000 individual borrowers. To construct this sample, HMDA

data were restricted to owner-occupied 1-4 family structures and the Dataquick data set eliminated

non-arm’s length transactions and transactions involving institutions rather than individual buyers

6The seven broad housing markets include the Chicago, IL Consolidated Metropolitan Statistical Area (CMSA); Cleve-
land, OH Metropolitan Statistical Area (MSA); Denver, CO MSA; Los Angeles, CA CMSA; Miami, Ft. Lauderdale and
Palm Beach MSA’s; San Francisco, CA CMSA; and the Maryland portions of the Washington DC-Baltimore CMSA. These
sites were selected based on the regional availability of the housing transaction and lien data—at the time, these were the
only sites with information on refinance mortgages available through Dataquick back to 2004.
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and sellers, and was further restricted to transactions that occurred between May and September

in each of the five sample years. HMDA loans and Dataquick assessor records were then matched

using whether the mortgage was home purchase or refinance, year of transaction, loan amount, Cen-

sus tract of the housing unit and the lender name. Finally, a subset of mortgages were randomly

selected in equal numbers by site, by year, and by home purchase versus refinance mortgage.7 These

resulting data contain the address of the property and the name(s) of the individual(s) involved, as

well as characteristics of the house, loan, and borrower. The final data set provides a complete set

of observable variables for 375,524 unique individuals. Summary statistics are provided in the first

column of Table 1. Our sample has an average HMDA-reported income of $109,602. The average

loan size is $224,100, with an average LTV of 0.77. The sample is 9.6% non-Hispanic Black, 16.6%

Hispanic, and 7.9% non-Hispanic Asian.

We provided this sample to one of the major credit rating agencies, which used names and ad-

dresses to match borrowers to archival credit reporting data from June 30th of each year. June 30th

was selected because this was the earliest archive month that contained demographic data for 2010.

We received detailed credit reports in seven waves, every three years from 2004 to 2022. This panel

provides rich information about each individual’s financial circumstances before/during mortgage

origination, and then for up to 18 years after origination. We define our matched sample as the set

of individuals who had a credit score in the valid range (300−850). There are 294,185 such indi-

viduals, which represents a match rate of 78.3%. The matched sample is observably similar to the

full sample, as shown in the second column of Table 1. Average reported income in this sample is

$111,144, with an average loan amount of $228,700. Borrowers are 9.1% non-Hispanic Black and

14.6% Hispanic, and 8.4% non-Hispanic Asian.

Because of our triennial waves of credit report data, some households with a delinquency appear-

ing on their 2010 reports had also already lost their homes by June 2010—in a few cases there are

reporting and recording lags in the credit rating agency. For this reason, in our main analysis, we

constrain the sample to individuals who also still have an open mortgage on their 2010 credit report,

in order to understand the impact of a subsequent modification. All results presented below are

robust to relaxing this constraint. The impact of adding this constraint, which is shown in column

3 of Table 1, has no meaningful effect on any of the variables. Our final sample includes 231,128

7There was also oversample of African-American borrowers; Hispanic borrowers; white borrowers who reside in low
income or minority neighborhoods; and high-cost loans, defined as rate spread loans in the HMDA data. Throughout our
analysis in the current paper, we weight observations to account for this over-sampling, thereby matching the composition
of newly originated mortgages of each type in each of our seven selected regions, giving each region equal weight.
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individuals.

Finally, we supplement our panel credit data with neighborhood characteristics drawn from sev-

eral sources. First, we match each house in the sample to a Census tract, and use the 2000 Decen-

nial Census to calculate neighborhood characteristics for the house for which we originally observe

a mortgage origination in 2004-2008. Second, the credit reporting agency provided the ZIP code of

primary residence for each individual in each of the seven waves of credit data. For each ZIP code,

we use FHFA house price indices to estimate house price growth over each three year period and IRS

income data to provide a measure of neighborhood income in each sample year. We use the former to

estimate the house price appreciation that each household experienced if they owned a home during

a given period.

3.2 Research Design

Our goal is to estimate the long-term impact of losing versus keeping one’s home. Because nearly

all mortgage defaults during the Great Recession were driven by negative income shocks (Ganong

and Noel 2020), our research design begins by conditioning the sample to the occurrence of a severe

(i.e., 90-day) mortgage delinquency. This sample constraint allows us to focus on the relevant set of

individuals at risk of foreclosure. Next, we use the receipt of a mortgage modification as a treatment

that shifts the probability of retaining one’s home following said shock. Below we show empirically

that seriously delinquent borrowers who did versus did not receive a modification are very similar

on observable attributes and experienced very similar financial circumstances during that period,

suggesting that modification provides quasi-random variation in who was able to keep their homes.

Figure 1 shows the timeline on which we base our design. We observe households seven times

from 2004 to 2022. All households either purchased a home or refinanced a home mortgage between

2004 and 2008. Next, we assign delinquency status in 2010 based on the presence of at least one

90-day delinquency in the previous 24 months. This is our definition of delinquency throughout the

paper, as well as our sample-defining definition of distressed borrowers. A full 18% of the borrowers

in our sample were delinquent in 2010. Then, we use the 2013 report to identify borrowers who

received a mortgage modification in the previous 36 months (that is, in the period 2010 to 2013).

24% of delinquent borrowers had received a mortgage modification by June 2013.8 Hereafter, we

refer to delinquent households that received a modification as our treatment group, and delinquent

8In the main analysis, we exclude the small number of households that already had mortgage modifications by June
2010. We show in a robustness exercise in Section 5.2 that estimated treatment effects are very similar for these modifi-
cations.
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households that did not receive a modification as our control group.

The year 2013 is also the credit report year for which we define our main short-term outcome,

i.e., homeownership. Throughout the paper, we measure homeownership as the presence of an open

mortgage on the credit report. Since our final sample is comprised entirely of new borrowers for

which we observe an open mortgage in 2010, actual homeownership and measured homeownership

in 2013 should correspond very closely to each other. Finally, as reported in Figure 1, we use the

2016, 2019, and 2022 credit reports to measure long-term outcomes, such as homeownership and

proxies for consumption, financial distress, neighborhood quality, and housing wealth.

An obvious concern is that mortgage modifications may not be randomly distributed through the

population. Rather, both the borrower and lender must agree to the modification, so that selection

may occur on either side. As a first comparison, Figure 2 reports four variables (homeownership, Van-

tage credit score, credit card balance, and number of auto loans) that summarize relevant risk factors

that would be observable to a lender making a modification decision. We report these variables for

four groups of homeowners in our sample: not delinquent and no modification, not delinquent and re-

ceived a modification, delinquent and no modification, delinquent and received a modification. Panel

(a) shows homeownership rates for all groups rising by 30% in 2007 from a base of around 55% in

2004, and then reaching 100% in 2010. Panel (b) shows that the group who do not become delinquent

on their mortgages have high and stable credit scores. We also find that non-delinquent homeowners

who receive modifications have slightly lower Vantage scores and also a drop in credit scores from

2007 to 2010, which is suggestive of a small negative income shock. These homeowners took advan-

tage of modifications without incurring heavy delinquencies and/or large income shocks, and were

potentially favored by lenders as having higher creditworthiness than other delinquent homeowners.

Moreover, these cases are also much simpler to be analyzed by mortgage services. Given the selected

nature of this group, we will exclude them from the analysis below.

The other two groups in Figure 2 are delinquent borrowers and constitute the main treatment

and control groups. Panel (b) shows that they have much worse credit scores that also fall pre-

cipitously from 2007 to 2010 as the households fall behind on mortgage payments. But delinquent

borrowers with and without modifications have remarkably similar financial observables in the years

leading up to and containing their delinquencies. Credit card balances in Panel (c) and auto loans in

Panel (d), which are standard credit profile proxies for consumption also show similar patterns with

large declines between 2007 and 2010. Similar credit score and consumption changes in 2010 are con-

sistent with borrowers experiencing very similar income shocks. We show similar trends in Figure
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3, which tracks delinquencies across credit cards, auto loans, student loans, and unsecured personal

loans. For all four types of credit, the distressed borrowers differ from non-distressed borrowers in

both levels and trends. However, the treatment and control groups are on almost-indistinguishable

paths.

These descriptives imply that selection by lenders into modification for high delinquency borrow-

ers is not a substantial threat to our identification. This lack of selection is consistent with the idea,

discussed in Section 2, that during the 2010-2013 period, lenders were overwhelmed by the stock

of seriously delinquent mortgages and unable to identify, among this set of delinquent borrowers,

borrowers who would have better income recovery or house value growth prospects.

Our main empirical specification is based on a version of the event study conducted by Sodini et

al. (2023), which investigated the impact of gaining homeownership among a group of public housing

co-ops in Stockholm. In contrast, we adopt an inverse strategy, estimating the impact of losing

homeownership for a large group of delinquent homeowners in the United States during the Great

Recession. Specifically, we estimate the short-term effects of receiving a mortgage modification m

between 2010 and 2013 on homeownership status y for individuals i residing in house h in year t

according to the following equation:

yiht =βt{mi > 0}+ g(X ih)+ϵiht (1)

We initially estimate equation (1) using data from 2013. Since all individuals were homeowners

in 2010, the coefficient βt represents the short-term impact of receiving a mortgage modification.

The term g(X ih) includes pre-modification characteristics of individuals and houses, such as location

(metropolitan areas and neighborhood features), house attributes (size and quality), loan character-

istics (loan size, interest rate, lender, etc.) and individual features (income, race, age, credit score,

having a co-borrower, etc.). As we demonstrate below, the inclusion of this comprehensive set of

controls has minimal effect on the estimation of βt.

For long-term outcomes, our main tables and figures provide estimates from similar cross-sectional

models for the years 2016, 2019, and 2022. We follow this procedure to allow the pre-modification

controls to have differential effects across years.
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3.2.1 Balance tests

Figure 4 provides a difference-in-means test for a larger set of covariates related to home and mort-

gage features, household characteristics, neighborhood variables, and credit information. Blue circles

compare differences between households delinquent with modifications versus households without

deliquencies and no modifications. Differences are generally large in many credit and household

variables.9 However, brown circles — which summarize the differences between delinquent house-

holds with a modification versus delinquent households without a modification — show observable

differences that are dramatically smaller.10

The comparison on observables matches the results from Figures 2 and 3, and suggest that

lenders are not engaging in dramatic selection when offering mortgage modification to high delin-

quency borrowers. As a formal test, we use the non-delinquent sample of borrowers to estimate

a “homeownership index," using OLS to relate homeownership in 2013 to the suite of observables

presented in the balance table. Next, we estimate out-of-sample fitted values of that regression for

our delinquent sample, producing an estimated probability of homeownership based on observables.

In Table 2, we report the average prediction by group. We find that our modification sample are,

if anything, slightly negatively selected, with an expected homeownership rate of 70% compared to

71% in the delinquent sample who receive no modification. This level of selection is quite small

compared to the selection arising when comparing our modification sample to all other mortgages,

in which the average likelihood of homeownership in 2013 is 79%. This suggests that, conditional

on 90-day delinquency by 2010, selection related to future (2013) homeownership is minor, and if

present, biases against finding a treatment effect of mortgage modification.

Another potential concern is that some borrowers may be extremely attached to their homes,

which could lead them both to put more effort into obtaining a modification, and also to be more

likely to remain homeowners regardless of modification. Further, some borrowers may have private

information on the severity and/or the permanence of their income shocks, and borrowers who know

that they have a better chance to financially recover and keep their home may also put more effort

into obtaining a modification. While we cannot measure borrower effort to receive a modification,

9The table version of Figure 4 (Appendix Table 1) shows that households with modifications are much more likely to be
Black (26pp versus 12pp) and Hispanic (34pp versus 15pp), have lower average credit scores in 2007 (665 versus 737) and
higher LTVs at origination (0.82 versus 0.76), and have higher mortgage payment to income ratios (0.35 versus 0.23).

10Appendix Table 1 reveals that in the subsample made up only of households with serious mortgage delinquencies,
those with modifications are only slightly more likely to be Black (26pp versus 22p) and Hispanic (34pp versus 31pp), have
very similar average credit scores in 2007 (665 versus 672) and similar LTVs at origination (0.82 versus 0.83), and have
similar mortgage payment to income ratios (0.35 versus 0.33).
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we observe several characteristics that are likely correlated with attachment to the home and risk of

permanent income shocks. Below we estimate short and long-term outcome models with and with-

out detailed borrower and mortgage attributes. These controls include whether the borrower has a

spousal co-borrower, since families may be more attached to their homes than single adults; and both

the year of the home purchase mortgage and whether the loan is a purchase or refinance, which re-

late to time spent living in the home. In terms of income shocks, our controls include both region fixed

effects and controls for borrower age, which are both commonly understood to be correlated with the

permanence of income shocks during the Great Recession. Further, our controls also include credit

score and whether the loan was a rate spread loan, both of which are likely capture unobservables

associated with income risk. We find virtually no impact on our estimated treatment effect (less than

one percent) from the addition of these controls, which we discuss in Section 4.

In addition to the stability of our estimates, additional analyses support the conclusion of lim-

ited selection into modification for 90-day delinquent borrowers. First, if attachment to the home

or financial feasibility of holding on to the home affected both modification and retention of own-

ership status, one would expect larger estimated treatment effects (due to bias) in subsamples with

greater attachment or smaller income shocks. In our heterogeneity analyses in Figure 7, we examine

treatment effects by coborrower to capture attachment to the home, finding that effects of the mod-

ification do not vary substantially. In Figure 9, we also examine credit card balances as a proxy for

consumption and observe that balance changes between 2007 and 2010 were very similar between

the modification and non-modification samples, consistent with similar income shocks. Finally, in

our discussion of housing wealth in Section 4, we show that the homes owned by the treatment

and control groups followed similar price evolutions. Thus, lenders were not selecting on the path

of future house prices when allowing a modification. Overall, the range of empirical tests lead us

to conclude that unobservable selection by borrowers into treatment appears unlikely to drive the

results presented below.

4 Main Results

4.1 Homeownership in the Short Run

In this section, we report estimates of the short-run impact of the modification treatment. Figure 5

shows the descriptive impact of receiving a mortgage modification on homeownership, as captured

by having an open mortgage on an individual’s credit report. By construction, because we require
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everyone in our main estimating sample to have an open mortgage in 2010, the observed homeowner-

ship rate for all groups is 100 percent.11 For our treated group, shown with the blue triangles in the

figure, the homeownership rate dropped to about 85 percent in 2013. This drop is almost identical

to the homeowners who never became delinquent, shown with orange squares.12 By contrast, the

decline in homeownership is much sharper for our control group, shown with green circles. For these

households, homeownership rates drop to about 49 percent in 2013, a difference of 36 percentage

points compared to the treated households.

Table 3 reports estimates of this short run difference in homeownership rates according to equa-

tion (1). The estimate reported in Column (1) includes no controls, corresponding to the values shown

in Figure 5. Column (2) adds controls for the variables that stratify our original sample, by including

fixed effects for groups defined by metropolitan area, year of origination, and loan type (purchase or

refinance).13 Column (3) adds additional controls for fixed household and housing attributes mea-

sured at the time of mortgage origination, including the size of the house, loan amount, and loan-to-

value ratio; indicators for racial/ethnic groups and for the presence of jumbo loans, subordinate debt,

rate spread, and a coborrower; and local neighborhood conditions including the fractions of the pop-

ulation in the house’s Census tract that are Black, Hispanic, and low-income. Column (4) includes

additional information on the borrower’s recent credit history, including 2004 and 2007 values of

credit scores, credit card balances, and number of auto loans. Finally, Column (5) adds lender fixed

effects. The point estimates are remarkably stable, varying between 35.4 and 35.9 across these five

specifications. The fact that the inclusion of this broad set of variables, including many that are oth-

erwise strongly correlated with homeownership, has almost no impact on the point estimates reflects

the quasi-random nature of receiving a mortgage modification between 2010 and 2013. Moreover, the

fact that the estimates are so similar in specifications with and without lender fixed effects implies

that the estimated short run impact of receiving a modification on homeownership is quite similar

regardless of whether the variation in modifications is within or across lenders (in models without

lender fixed effects, over 65% of the conditional variation in modification is across lender).

Table 4 shows an estimate of the impact of a mortgage modification on the receipt of a foreclosure

notice between 2010 and 2013 for a specification comparable the full model for homeownership — i.e.,

11Open mortgage rates rise between 2004 and 2010 in our sample for several reasons: new home purchases of first-time
homeowners, coborrowers being added to new mortgages, and the increased capture of existing homeowners in early credit
repository data due to new mortgage transactions.

12This 15% decline over a three-year period may overstate transition out of homeownership due to the Great Recession
given that some households may have transitioned out of homeownership due to job- or family-related moves.

13With 7 housing markets, 5 origination years, and 2 loan types, we have 70 groups. Standard errors are clustered at
this level.
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Column (5) of Table 3. As the results imply, a large difference in foreclosure rates emerged between

the treatment and control groups by 2013, with treated households having about a 19 percentage

points lower likelihood of receiving a foreclosure notice. This estimate is approximately half the

estimated short-term treatment effect for homeownership, with short sales likely responsible for the

other half.

Overall, the estimates reported in Tables 3 and 4, and shown in Figure 5, imply that the modifica-

tion treatment had an enormous impact on a household’s ability to keep its home. In the remainder

of this section, we explore the impact of this increased likelihood of remaining homeowners through

the Great Recession on a wide variety of outcomes, including long-run homeownership rates, credit

and consumption measures, neighborhood, and the potential accumulation of housing wealth as of

2022.

4.2 Homeownership over the Long Run

We now extend our analysis through 2022. Figure 6 plots point estimates and confidence intervals

based on several cross-section estimates of Equation (1). Each series in the figure corresponds to a

specification of the model, as we successively include controls for metro area, origination year, loan

type; household and housing attributes; credit variables; and lender fixed effects, as in Table 3, again

revealing only small differences between the model estimates in every year.

The estimates for the period between 2004 and 2013 mirror the short-run results shown in Figure

5: pre-trends are close to zero, then the treatment and control groups experienced a 36pp gap in

homeownership in 2013. This homeownership gap gradually narrows over the subsequent decade, to

about 30 percent in 2016, 22 percent in 2019, and about 19 percent in 2022. In this way, the estimated

effect of remaining a homeowner by receiving a mortgage modification in the Great Recession is

remarkably persistent, with a half-life that appears to last about a decade.

Figures 7 and 8 explore the heterogeneity in the impact of receiving a mortgage modification on

homeownership by metropolitan area, race and ethnicity, and income. The results shown in Figure

7 reveal significant and lasting impacts in every metropolitan area, but also some notable hetero-

geneity. In particular, the estimated impact of receiving a mortgage modification is generally larger

in both the short and long runs in coastal markets like San Francisco, Miami, and Los Angeles, i.e.,

the markets that experienced especially large housing booms and busts in the 2000s. The results

shown in Figures 8 (a) and (b) reveal that the receipt of a mortgage modification also had a substan-

tial impact in both the short and long run for households in all race/ethnicity and income categories.
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Interestingly, the relative impact for Hispanic households appears to be strengthening over time,

with the estimate gaps between Hispanics and Asian, Black, and White borrowers increasing no-

ticeably from 2013 to 2022. And, strikingly, by 2022, the estimated impact of receiving a mortgage

modification is almost identical by income tercile, where income is measured at the time of mort-

gage origination. Overall, the results presented in Figures 7 and 8 show that while there is some

heterogeneity across households and locations, the effect of receiving a mortgage modification was

quite broad-based, with a substantial, persistent impact on homeownership rates for a wide variety

of households who became delinquent on their mortgages during the Great Recession.

4.3 Credit, Consumption, and Neighborhood Outcomes

We now turn to a set of results that characterize the trajectories of a wide variety of credit, con-

sumption, and neighborhood measures from 2004-2022. Conceptually, there are two ways to think

about the meaning and magnitude of these results. First, and most directly, the estimated differ-

ences in these outcomes reflects the impact of receiving a mortgage modification between 2010 and

2013 for a set of marginal homeowners who were especially hard hit by the Great Recession. Sec-

ond, and more interestingly, any long run differences in trajectories can be viewed as reflecting the

impact of being able to remain a homeowner through the Great Recession, made possible through

the quasi-random availability of a mortgage modification. This “instrumental” perspective requires

the assumption that the short-run impact of receiving a mortgage modification came only through

its impact on homeownership status.14 In this case, any estimated long-run differences in outcomes

need to be divided by 0.36, the estimated impact on homeownership in the short run, to estimate the

long-run impact of maintaining homeownership status through 2013 on other outcome variables.

The four panels of Figure 9 report descriptive trajectories for four outcomes shown: (a) credit

score, (b) credit card balances, (c) number of auto loans, and (d) neighborhood income percentile.

Again, the blue triangles show estimates for delinquent households who received a modification by

2013, while the green circles represent delinquent households who did not receive a modification by

2013. For comparison, we also show estimates for households with an open mortgage in 2010 who

were not delinquent on their mortgage payments.

Focusing first on Figure 9 (a), which shows the trajectories for credit score, reveals a remarkable

similarity between delinquent households who did and who did not receive a mortgage modification.

14The plausibility of this additional assumption is bolstered by the fact that we find no other short-run effects on credit,
consumption, and other outcome variables below.
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Consistent with having a mortgage delinquency by 2010, both groups experienced a sharp drop of

almost 100 points on their credit scores between 2007 and 2010. Over the next decade, both groups

recovered from this sharp drop in credit score: by 2019 and 2022 their credit scores had returned to

levels above those in 2007, and by 2022 the gap with those households who did not have a mortgage

delinquency in 2010 had closed to 2007 levels.

What is most remarkable about Figure 9 (a) is how similar the estimated credit score is for delin-

quent households with and without a mortgage modification in every sample year from 2004 through

2022. Consistent with the slight negative selection of households into mortgage modifications dis-

cussed in Section 3 above, households in the control group had very slightly higher scores in 2004,

2007, and 2010. By 2022, the scores are essentially identical, suggesting at most a tiny long-run

impact of receiving a mortgage modification and retaining homeownership between 2010 and 2013.

Credit card balances and auto loans have been established in the literature as good proxies for

household consumption. The figures for these variables, shown in Panels (b) and (c), follow a similar

pattern to credit score, revealing almost identical levels for the treatment and control groups over

the entire sample period. It is also easy to see the out-sized, short-run, negative impact of the Great

Recession on these households compared to those who never became delinquent on their mortgages

for both consumption measures. Figure 9 (d) shows results for neighborhood income percentile, as

measured by ZIP code nationwide. Again, consistent with the slight negative selection of households

into mortgage modifications, control households lived in neighborhoods that were about 3 percentile

points higher in 2004, 2007, and 2010. In both cases, these households were living in neighborhoods

at about the 50th percentile of the neighborhood income distribution.15 Strikingly, these differences

change very little during and following the Great Recession, remaining at about 3-4 percentile points

in every year through 2022.

Figure 10 shows the impact of treatment on these credit and consumption variables. In our fully

saturated model, we find almost no impact of modification on these measures of consumption. Our

largest estimated effect is that the treated group have credit scores in 2022 that are 5.1 points higher

than the control group, on a base of 692 points.

In Figure 11, we turn to another set of variables measuring financial well-being: rates of delin-

quency. We show long-term rates for each group of 90-day delinquency on credit cards, auto loans,

student loans, and unsecured personal loans. Panel (a) traces most dramatically the financial dis-

15The income distribution is calculated nationally, not only using the neighborhoods in which we observe our borrowers,
so this fact is not simply mechanical.
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tress of our sample in 2010: rates of credit card delinquency were approximately 45% for both treat-

ment and control groups. At the same time, rates of auto loan delinquency in Panel (b) were 10%

for the treatment group and 12% for the control group, and rates of unsecured personal loan delin-

quency in Panel (d) were 3% for both groups. Student loan delinquency displayed in Panel (c) were

less dramatic, peaking in 2013. The treatment and control groups stay on similar paths in 2013 and

later, suggesting that the financial performance of the mortgage was not strongly tied to payment

of other debt. We test this visual similarity in Figure 12, where we again find weak evidence that

modification treatment impacted delinquency on these other forms of personal credit.

Taken as a whole, the results shown in Figures 9 through 12 imply that the effect of receiving a

mortgage modification between 2010 and 2013, while having an enormous impact on homeownership,

had a negligible impact on these measures of credit, consumption, and neighborhood outcomes, as

well as delinquency, in both the short and long run. Among the large set of variables available in

the credit data, the only notable difference is higher rates of Chapter 7 bankruptcy among the no-

modification group — see Figure 13. This finding is consistent with the differences in the treatment

of mortgage debt between Chapter 7 and 13 bankruptcy (Li and White 2009).

4.4 House Price Appreciation and Housing Wealth

We close this section by examining the impact of receiving a mortgage modification on the potential

accumulation of housing wealth in the decade following the Great Recession. For the analysis pre-

sented in this subsection of the paper, we remove refinance mortgages from our sample and focus on

new home purchases, so that we can observe the initial purchase price and down payment (equity

position) at the time of purchase. Importantly, because data limitations make tracking a household’s

exact mortgage terms and payments difficult, we focus on estimating subsequent housing wealth ac-

cumulation solely through house price appreciation and transitions into and out of homeownership.

The four panels of Figure 14 report estimates of potential housing wealth accumulation under

a series of assumptions designed to isolate the role of changes in homeownership during different

subperiods. The figures shown in Panel (a) serve as an important benchmark. These estimates

show the potential real housing wealth (measured in 2022 dollars) had all homeowners maintained

their homeowner status from the time of original purchase in 2004-2008 through 2022. The housing

wealth estimates here include the initial down payment plus an estimate of house price appreciation

based on applying changes in the FHFA price index for the associated ZIP code to the original home

purchase price. In this way, then, Panel (a) shows the path of the potential real housing wealth

19



that would have accrued for homeowners in each category from 2004-2022 before accounting for

any changes in homeownership during the sample period. Many homeowners change ZIP codes of

residence over this period. In such cases, we apply the FHFA price changes for their new ZIP of

residence beginning in the credit report year when we first observe the new zip code.

Not surprisingly, given initial down payments and the house price boom from 2004-2007, all three

categories of homeowners had positive housing wealth levels in 2007. These levels fell precipitously

from 2007-2010 for all households. The decline in home values was greater for the households in our

sample that became delinquent on their mortgages compared to those that did not, but our treatment

and control groups experienced the same depreciation. Indeed, the treatment and control group’s

house price trajectories are virtually identical from 2007 through the end of the sample period in

2022. The almost perfect co-movement of these lines helps to rule out any potential endogeneity

in modifications stemming from bank considerations of (i) recent house price depreciation, (ii) the

household’s current equity position, or, most interestingly, (iii) any expected future gains in house

values.

After dropping sharply by 2010 and remaining low in 2013, home prices rebounded such that

housing wealth estimates returned to close to 2007 levels by 2016. The period from 2016-2022 ex-

tended this sharp recovery in home values further, so that all three categories of households would

have had between $289,000 and $322,000 in average housing wealth in 2022 if they had maintained

homeownership status through the end of the study period. Interestingly, because price appreciation

from 2013-2022 was higher for homes with greater depreciation in 2007-2010, the average realized

appreciation across the entire sample period is very similar for all homeowners in our sample.

The results shown in the remaining panels of Figure 14 depict the estimates of potential housing

wealth that make adjustments for changes in home ownership status. In particular, the results in

Panel (b) account for home loss in the 2010-2013 period. Panel (c) accounts for home loss later, in

2013-2016 and 2016-2019; and Panel (d) accounts for subsequent new home purchases after losses.

The estimates reported in Panel (b) are calculated as follows. For any households that remain

homeowners through 2013, we calculate their housing wealth in 2013 exactly as in Panel (a). For

households who did not remain homeowners through 2013, we begin by calculating their estimated

housing wealth as of 2010. If this is positive, we use this estimate as their measure of housing wealth

in 2013. If this calculation is negative, we assign them zero housing wealth, i.e., we assume that they

could have walked away from their mortgage without assuming any of the negative equity. As we

move forward from 2013-2022, we then assume that (i) any households who remain homeowners as of

20



2013 retain these homes through 2022 and (ii) those households who became renters by 2013 remain

renters through 2022. In this way, the only adjustment to housing wealth in Panel (b) compared to

Panel (a) comes from changes in homeownership status that occurred in the 2010-2013 period.

The assumptions underlying the estimated shown in Panel (b) are designed to be conservative in

measuring the potential benefits from receiving a mortgage modification in two key ways. First, the

assumption that the bank inherits the entire negative equity position for homeowners who lost their

homes between 2010-2013 ignores instances in which homeowners with negative equity positions

may have sold their homes at a loss, taking that loss for themselves. Second, the assumption that

those who receive a mortgage modification had no adjustment to their negative equity position or

no material gains from any improvements to their mortgage contracts ignores any potential wealth

benefits due to the terms of the modification.

Turning to results shown in Panel (b), a first thing to notice then is that this calculation sharply

improves the equity position of our control group in 2010-2013, as we reset to zero the position of a

large set of homeowners who would have had negative equity in 2013 had they remained homeown-

ers. Thus, the assumptions underlying the potential housing wealth calculation in Panel (b) initially

favor the households who did not receive a mortgage modification. This initial advantage is reversed,

however, as we move forward from 2013-2022. Because a higher fraction of households who receive

mortgage modifications remain homeowners in 2013, their collective gains from the house price ap-

preciation between 2013 and 2022 allow them to surpass the overall wealth position of those who did

not receive a modification. By 2022, their estimated housing wealth is substantially greater — about

$105,000 — than those who did not receive a mortgage modification.

The results reported in Panel (c) incorporate losses of homeownership that occurred in both the

2013-16 and 2016-19 periods, and Panel (d) further incorporates any transitions back into homeown-

ership from households that had earlier transition to renting earlier in the sample period, assuming

a 20% down payment. For the most comprehensive results shown in Panel (d), the estimated differ-

ence in housing wealth by 2022 between our treatment and control groups is about $83,000. This

slightly smaller difference compared to the estimate shown in Panel (b) reflects the fact that some

households who lost their homes were able to become owners again later in the sample period.

This $83,000 housing wealth difference between treatment and control groups provides a mea-

sure of the treatment effect of receiving a mortgage modification. As mentioned above, converting

this figure to an estimate of the causal effect of homeownership — and, in particular, the effect of

being able to keep one’s home through 2013 — requires dividing this point estimate by 0.355, the
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short run impact of receiving a modification on homeownership. The resulting larger estimate of

$234,000 reflects a substantial additional amount of wealth which, not surprisingly, is of the same

order of magnitude as the average house price appreciation of the original homes in our sample from

2013-22.

One could attempt to further refine this estimated difference in wealth accumulation by account-

ing for other differences between owners and renters. For example, one could attempt to estimate

mortgage payments, rents, and potential gains from investing wealth held outside of housing in other

financial markets for each household. Such calculations would require many additional assumptions

and we expect the large wealth difference in 2022 to remain for several key reasons. First, rents and

home values experienced very similar rates of appreciation from 2007-2022 in the markets included

in our sample.16 As a result, renters did not gain any special advantage from differential lower

rates of price growth over this time period. Second, homeowners had many opportunities between

2004-2022 to refinance their mortgages at very low interest rates, potentially sharply increasing the

benefits of owning versus renting during the sample period. And, third, relative to investments in

stocks, bonds, or other financial instruments, the housing market represents the primary way most

households can take advantage of leverage when investing. Given the high rate of home price appre-

ciation from 2013-2022, it is unlikely that alternative, unleveraged investments would have yielded

anywhere near the same level of returns for the vast majority of households.

The lack of a consumption response to housing capital gains may appear at first glance to be

at odds with some prior research, which links such gains to increased spending. Estimates suggest

annual consumption effects range from 0–3% of wealth gains at the low end (Browning, Gørtz, and

Leth-Petersen 2013; Disney, Gathergood, and Henley 2010; Guren et al. 2021) to 5–10% of wealth

gains at the high end (Aladangady 2017; Graham and Makridis 2023; Mian, Rao, and Sufi 2013).

Importantly, several of these studies find stronger effects for credit-constrained households, high-

lighting the role of increased housing wealth in relaxing collateral constraints. Indeed, a likely

explanation for the absence of consumption responses in our setting is that the severely delinquent

homeowners in our sample, who have relatively low credit scores and incomes throughout the study

period compared to non-delinquent homeowners, may have had great difficulty accessing cash-out

mortgage refinances and home equity lines of credit (HELOCs) in the period following the financial

16We calculate ZIP-level percent changes in house value and rent using the 5-year ACS from 2007-2011 and 2018-2022.
We find that in our sample areas, the mean percent change in home value is 49.3%, while the mean change in rent is
48.1%. The mean percent change in FHFA housing price index is 44.5%.
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crisis.17 This explanation is also supported by the fact that lending through cash-out mortgages

and HELOCs fell sharply during the financial crisis and has remained much more restrictive ever

since.18

To explore the potential tightening of access to home equity in our sample following the financial

crisis, Figure 15 reports the rate of opening of new HELOCs from 2004 to 2022. While a significant

fraction of homeowners opened HELOCs in the sample period before the financial crisis, only a tiny

percentage of households in both the treatment and control groups opened HELOCs in any sample

period from 2010 through 2022. Interestingly, in line with the broader tightening of access to such

credit, the rate of new HELOCs also remained low for non-delinquent homeowners, although at

a higher level than for delinquent homeowners. Overall, then, it appears that, in contrast to the

period before the financial crisis, homeowners in our study have likely had a difficult time borrowing

directly against the equity in their homes in the post-period.

5 Robustness

In this section, we report the results of several supplemental analyses designed to test the robustness

of our main results to various aspects of the sample selection and research design. We begin by

conducting an analogous study of the short-term effects of receiving a mortgage modification on the

ability to keep one’s home using a publicly-available sample of loans from Fannie Mae. As we discuss

below, this sample has several additional variables and details unavailable in our main sample, as

well as national coverage, allowing us to explore the robustness of our main short run findings to

these additions. We then explore several modifications of our baseline analysis.

17Between 2002 and 2006 leading up to the financial crisis, Mian and Sufi (2011) show that households on average
increased debt by 25% of the gains in housing equity. This may have been a unique period in US history, however as
(DeFusco 2018), using a broader time frame from 1997-2012, estimates that household borrowing increased by only 4-13%
of the collateral gain.

18Pennington-Cross and Chomsisengphet (2007) demonstrate that the subprime sector played a dominant role in issuing
cash-out refinance mortgages prior to the financial crisis, and those refinancing options essentially vanished following the
crisis. Moreover, GSE cash out refinancing declined substantially during the financial crisis with no meaningful recovery
in loan volume until the pandemic in 2020 (Federal Housing Finance Agency 2021). Annual loan volume of this kind fell
from a high of $350 billion in the boom to under $200 billion in 2011 and was still only just above $200 billion in 2019.
Similarly, HELOCs and fixed amount Home Equity Loans (HEL) fell substantially during the financial crisis. HELOC
volume fell from a peak of $190 billion in the boom to $40 billion in 2009. It began to grow again in 2014, but plateaued at
about $100 billion in 2017, still well below pre-crisis levels. HEL volume fluctuated from $2.7 to $5.2 billion between 2010
and 2020, far below its pre-crisis peak of $31 billion (Pradhan 2024).
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5.1 Fannie Mae Sample

We accessed public loan performance data on 30-year fixed rate loans purchased by Fannie Mae.

These data provide us with the opportunity to examine the effects of modifications in the national

sample, using mortgages drawn from the largest segment of the market, although the sample is lim-

ited due to the omission of subprime, jumbo, alt-A and variable-rate prime loans. One advantage

of these data are the availability of precise timing of any modifications and/or delinquencies. Fur-

thermore, in these data we observe any mortgage termination that ends in a lender write down, due

either to foreclosure or short sale. However, because these data follow loans rather than borrowers,

we cannot examine any other credit or consumption outcomes or the future path of homeownership

after loan termination.

We re-estimate our short-run models on this new sample, conditioning the sample on the mort-

gage having experienced a 90-day delinquency and having no modifications prior to June 30, 2010.

Our left-hand side variable is an indicator for whether the mortgage was terminated via foreclosure

or short sale between July 1, 2010 and June 30, 2013. Our key right-hand side variable is an indica-

tor for whether the loan received a modification during this same time period. Table 6 presents these

results following a structure similar to Table 3. Column (1) presents estimates with no additional

controls. Column (2) adds indicator variables for bins defined by MSA, loan origination year and

quarter, and loan type (purchase or refinance).19 Column (3) adds a variety of observables on the

borrower, housing unit, and mortgage. Column (4) adds lender and servicer fixed effects.20 Column

(5) adds a fixed effect for the month and year of the first 90-day delinquency. This last specification

thus controls for the timing of the income shock, which is not possible in our main sample.21

The estimates are very similar to the estimates arising from our main sample. In the initial

specification with no controls, the treatment reduces the likelihood of foreclosure by 40 perentage

points, compared to 36pp in our main sample. As controls are added, the point estimate ranges from

40.0pp to 41.0pp, showing similar stability to the main sample.

19The inclusion of these fixed effects leads to the elimination of a small number of singleton observations from the
regression that comprise less than 1% of the sample.

20The data separately identifies 19 lenders and 19 servicers, with about 20% of loans falling into the “other" categories,
which we capture with a single lender and single servicer fixed effect. Estimates are stable to the exclusion of this sub-
sample so that all lenders/servicers are identified.

21We include quarter-by-year fixed effects rather than simply year because the Fannie Mae sample include loans origi-
nated throughout the year, while our main sample is restricted to May to September, the primary house-hunting season.
We use an MSA indicator provided by Fannie Mae, and for non-metropolitan areas allow mortgages in these regions of each
state to have their own state specific fixed effect. Our additional controls in Column (3) include combined loan to value
ratio, FICO credit score, debt to income ratio, logarithm of the original loan amount, whether the origination involved
subordinate debt, whether the borrower was a first time home owner, whether there was a co-borrower, and property type
dummy variables.
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5.2 Earlier Delinquency/Modification

Our primary analysis defines treatment and control groups by measuring from 2007-2010 and modifi-

cation receipt from 2010-2013. While there were far fewer delinquencies and modifications in earlier

periods, the structure of our data set allows us to estimate analogous models shifting all of the key

variables three years earlier. In particular, Figure 16 reports estimates the homeownership impact

of recieing a modification from 2007-2010 after a delinquency in 2004-2007, analogous to Figure 6.

While much noisier given the smaller number of observations, the short- and long-run results are re-

markably similar: the point estimate implies that the initial short-run impact is about 40 percentage

points in 2010, falling to 28-30 percentage points in 2013 and 2016, and eventually closing to about

10 percentage points in 2022, more than 12 years later.

5.3 Older vs Younger Generations

A potential concern about our analysis is that we use the existence of an open mortgage as our

primary measure of homeownership. This measure might fail to capture homeownership, of course,

in cases where home owners fully pay off their mortgage. In general, we think that it is unlikely

that many households in our sample, all of whom originated a new mortgage at the beginning of the

sample period, would have paid off their mortgages by 2022 — and especially unlikely that those

who became delinquent on their mortgages between 2007 and 2010 would have subsequently been

able to fully pay off their mortgages without selling their homes by 2022. But, as a final robustness

check (and heterogeneity analysis), we estimate the effect of receiving a mortgage modification on

homeownership separately by age. This analysis is motivated by the idea that younger homeowners

are especially unlikely to have paid off their mortgages.

Figure 17 shows estimates separately by generation, splitting homeowners into those who were

born in 1964 or earlier (Baby Boom generation or older) and those who were born in 1965 or later

(mostly Gen X and with a few members of Gen Y). Strikingly, the estimated impact of a mortgage

modification on homeownership rates is remarkably similar by generation, in both the short and

long runs. This again suggests that the impact of receiving a modification was quite broad-based and

provides no indication of any obvious issues with using the existence of an open mortgage as a proxy

for homeownership given the set of households included in our sample.
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6 Conclusion

In this paper, we provide the first causal evidence on the long-term effects of home loss for home-

owners. We leverage the Great Recession as a natural setting that offers two critical factors for

studying this question: widespread negative income shocks and the chaotic implementation of relief

initiatives. This allows us to examine a large group of distressed homeowners, whose quasi-random

receipt of a mortgage modification led to significant differences in their ability to retain their homes.

While these differences in homeownership — and the associated opportunities for wealth accumula-

tion — persist more than a decade later, we find no lasting disparities in other key financial outcomes,

including consumption, access to credit, creditworthiness, and neighborhood environment. The ab-

sence of a consumption response in our context is likely due, in large part, to the sharp tightening

of cash-out refinancing and HELOC availability following the financial crisis, which appears to have

been especially binding for our sample of seriously delinquent homeowners.

Our findings contribute to the broader literature on the effects of homeownership (Goodman and

Mayer 2018) and complement Sodini et al. (2023) by highlighting that the consequences of losing

a home are not simply the inverse of acquiring one. While we do not directly examine homeowner-

ship’s impact on children (Haurin, Parcel, and Haurin 2002) or social capital (DiPasquale and Glaeser

1999), we find minimal effects on household consumption patterns that likely include spending on

children or on neighborhood quality. The lack of effects on neighborhood income may also be related

to our focus on financially distressed borrowers, as these households live in moderate-income ar-

eas, which, unlike some affluent neighborhoods, generally have a mix of owner- and renter-occupied

housing available.

Our research also provides new evidence on the long-run effects of recessions, and the Great

Recession in particular. Several studies have examined the short-run effects of foreclosure during the

Great Recession on non-financial outcomes such as education (Been et al. 2024; Been et al. 2011b),

health (Currie and Tekin 2015; Downing 2016; Downing et al. 2017), divorce, and neighborhoods

(Diamond, Guren, and Tan 2020), but we know of little research on the long-term effects of exposure

to severe economic downturns on outcomes beyond the labor market, e.g. Oreopoulos, Wachter, and

Heisz (2012), Schwandt and Wachter (2019), and Altonji, Kahn, and Speer (2016).

A key distinction between our study and existing research is that both our treatment and con-

trol groups experienced similar negative economic shocks. As a result, we estimate the effects not

of the shock itself, but of interventions aimed at preserving homeownership in its aftermath. This
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distinction has two important implications. First, when assessing the potential risks of homeowner-

ship, our estimates capture only the costs of losing a home, not the broader consequences of financial

distress. For instance, the negative impact of mortgage delinquency on credit scores would affect

both the treatment and control groups alike in our study. Second, our findings are particularly rel-

evant for evaluating policies designed to sustain homeownership during economic downturns, such

as the temporary assistance and mortgage forbearance programs implemented in response to the

COVID-19 pandemic (Cherry et al. 2021; Goodman, Kaul, and Neal 2020; RADAR Group 2023). Be-

cause our sample consists entirely of new mortgage borrowers who faced income shocks during the

crisis, our estimates directly inform the population most likely to be affected by similar future policy

interventions.

Overall, our findings suggest that some of the potential downside risks of homeownership, fre-

quently discussed in the literature but not yet causally estimated, may be less severe than previ-

ously feared. While buying a home certainly has important implications for potential capital gains

and losses, our estimates suggest that losing one’s home following a negative economic shock does

not necessarily lead to more extensive long-term financial hardship. Knowing that these broader

downside risks are limited is important both for individuals deciding whether to buy a home and for

assessing potential risks of policy initiatives aimed at expanding homeownership.

27



References

Acemoglu, Daron and Pascual Restrepo (2020). “Robots and Jobs: Evidence from US Labor Markets”.
In: Journal of Political Economy 128.6, pp. 2188–2244.

Agarwal, Sumit, Gene Amromin, Itzhak Ben-David, Souphala Chomsisengphet, and Douglas Evanoff
(Dec. 2011a). Market-based loss mitigation practices for troubled mortgages following the finan-
cial crisis. Working Paper Series WP-2011-03. Federal Reserve Bank of Chicago.

Agarwal, Sumit, Gene Amromin, Itzhak Ben-David, Souphala Chomsisengphet, and Douglas D.
Evanoff (2011b). “The role of securitization in mortgage renegotiation”. In: Journal of Financial
Economics 102.3, pp. 559–578.

Agarwal, Sumit, Gene Amromin, Itzhak Ben-David, Souphala Chomsisengphet, Tomasz Piskorski,
and Amit Seru (2017). “Policy Intervention in Debt Renegotiation: Evidence from the Home Af-
fordable Modification Program”. In: Journal of Political Economy 125.3, pp. 654–712.

Aladangady, Aditya (Nov. 2017). “Housing Wealth and Consumption: Evidence from Geographically-
Linked Microdata”. In: American Economic Review 107.11, pp. 3415–46.

Altonji, Joseph, Lisa Kahn, and Jamin Speer (2016). “Cashier or Consultant? Entry Labor Market
Conditions, Field of Study, and Career Success”. In: Journal of Labor Economics 34.S1, S361–
S401.

Autor, David H., David Dorn, and Gordon H. Hanson (Oct. 2013). “The China Syndrome: Local La-
bor Market Effects of Import Competition in the United States”. In: American Economic Review
103.6, pp. 2121–68.

Bayer, Patrick, Fernando Ferreira, and Stephen L. Ross (Dec. 2014). Race, Ethnicity and High-Cost
Mortgage Lending. NBER Working Papers 20762. National Bureau of Economic Research, Inc.

— (Feb. 2016). “The Vulnerability of Minority Homeowners in the Housing Boom and Bust”. In:
American Economic Journal: Economic Policy 8.1, pp. 1–27.

— (Apr. 2018). “What Drives Racial and Ethnic Differences in High-Cost Mortgages? The Role of
High-Risk Lenders”. In: The Review of Financial Studies 31.1, pp. 175–205.

Been, Vicki, Sewin Chan, Ingrid Gould Ellen, and Josiah R. Madar (2011a). “Decoding the Foreclo-
sure Crisis: Causes, Responses, and Consequences”. In: Journal of Policy Analysis and Manage-
ment 30.2, pp. 388–396. (Visited on 12/04/2024).

Been, Vicki, Ingrid Ellen, David Figlio, Ashlyn Aiko Nelson, Stephen L. Ross, Amy Ellen Schwartz,
and Leanna Stiefel (July 2024). “The Effects of Housing Price Declines on Children’s Educational
Outcomes”. In: Education Finance and Policy, pp. 1–32.

Been, Vicki, Ingrid Gould Ellen, Amy Ellen Schwartz, Leanna Stiefel, and Meryle Weinstein (2011b).
“Does losing your home mean losing your school?: Effects of foreclosures on the school mobility
of children”. In: Regional Science and Urban Economics 41.4. Special Issue: The Effect of the
Housing Crisis on State and Local Governments, pp. 407–414.

Bhutta, Neil, Jane Dokko, and Hui Shan (2017). “Consumer Ruthlessness and Mortgage Default
during the 2007 to 2009 Housing Bust”. In: Journal of Finance 72.6, pp. 2433–2466.

Bhutta, Neil and Benjamin J Keys (2022). “Moral Hazard during the Housing Boom: Evidence from
Private Mortgage Insurance”. In: The Review of Financial Studies 35.2, pp. 771–813.

Browning, Martin, Mette Gørtz, and Søren Leth-Petersen (2013). “Housing Wealth and Consumption:
A Micro Panel Study”. In: Economic Journal 123.568, pp. 401–28.

Campbell, John and João F. Cocco (2015). “A Model of Mortgage Default”. In: Journal of Finance 70.4,
pp. 1495–1554.

Chan, Sewin, Michael Gedal, Vicki Been, and Andrew Haughwout (2013). “The role of neighborhood
characteristics in mortgage default risk: Evidence from New York City”. In: Journal of Housing
Economics 22.2, pp. 100–118.

28



Chan, Sewin, Andrew Haughwout, and Joseph Tracy (2015). “How Mortgage Finance Affects the
Urban Landscape”. In: Handbook of Regional and Urban Economics. Ed. by Gilles Duranton,
J. V. Henderson, and William C. Strange. Vol. 5. Handbook of Regional and Urban Economics.
Elsevier. Chap. 0, pp. 987–1045.

Cherry, Susan, Erica Jiang, Gregor Matvos, Tomasz Piskorski, and Amit Seru (2021). “Government
and Private Household Debt Relief during COVID-19”. In: Brookings Papers on Economic Activ-
ity, pp. 141–199.

Cordell, Lawrence R., Karen E. Dynan, Andreas Lehnert, J. Nellie Liang, and Eileen Mauskopf
(2008). The incentives of mortgage servicers: myths and realities. Tech. rep. Board of Governors of
the Federal Reserve System (U.S.)

Currie, Janet and Erdal Tekin (Feb. 2015). “Is There a Link between Foreclosure and Health?” In:
American Economic Journal: Economic Policy 7.1, pp. 63–94.

Davis, Steven and Till Von Wachter (2011). “Recessions and the Costs of Job Loss”. In: Brookings
Papers on Economic Activity 42.2 (Fall), pp. 1–72.

DeFusco, Anthony A. (2018). “Homeowner Borrowing and Housing Collateral: New Evidence from
Expiring Price Controls”. In: The Journal of Finance 73.2, pp. 523–573.

Diamond, Rebecca, Adam Guren, and Rose Tan (June 2020). The Effect of Foreclosures on Home-
owners, Tenants, and Landlords. NBER Working Papers 27358. National Bureau of Economic
Research, Inc.

DiPasquale, Denise and Edward L. Glaeser (1999). “Incentives and Social Capital: Are Homeowners
Better Citizens?” In: Journal of Urban Economics 45.2, pp. 354–384.

Disney, Richard, John Gathergood, and Andrew Henley (2010). “House Price Shocks, Negative Eq-
uity, and Household Consumption in the United Kingdom”. In: Journal of the European Economic
Association 8.6, pp. 1179–1207.

Downing, Janelle (Aug. 2016). “The health effects of the foreclosure crisis and unaffordable housing:
A systematic review and explanation of evidence”. In: Social Science Medicine 162, pp. 88–96.

Downing, Janelle, Barbara Laraia, Hector Rodriguez, William H. Dow, Nancy Adler, Dean Schillinger,
E. Margaret Warton, and Andrew J. Karter (Feb. 2017). “Beyond the Great Recession: Was the
Foreclosure Crisis Harmful to the Health of Individuals With Diabetes?” In: American Journal of
Epidemiology 185.6, pp. 429–435.

Federal Housing Finance Agency (2021). Recent Trends in Enterprise Cash-Out Refinances. White
Paper WPR-2021-008. Accessed: 2025-02-10. Federal Housing Finance Agency.

Ferreira, Fernando and Joseph Gyourko (June 2015). A New Look at the U.S. Foreclosure Crisis: Panel
Data Evidence of Prime and Subprime Borrowers from 1997 to 2012. NBER Working Papers
21261. National Bureau of Economic Research, Inc.

— (Nov. 2023). “Anatomy of the Beginning of the Housing Boom Across U.S. Metropolitan Areas”.
In: Review of Economics and Statistics 105.6, pp. 1442–1447.

Foote, Christopher L., Kristopher Gerardi, Lorenz Goette, and Paul S. Willen (2008). “Just the facts:
An initial analysis of subprime’s role in the housing crisis”. In: Journal of Housing Economics
17.4. Special issue on subprime mortgage lending, pp. 291–305.

Ganong, Peter and Pascal Noel (Oct. 2020). “Liquidity versus Wealth in Household Debt Obligations:
Evidence from Housing Policy in the Great Recession”. In: American Economic Review 110.10,
pp. 3100–3138.

— (Oct. 2023). “Why do Borrowers Default on Mortgages?*”. In: The Quarterly Journal of Economics
138.2, pp. 1001–1065.

Ghent, Andra C., Rubén Hernández-Murillo, and Michael T. Owyang (2014). “Differences in subprime
loan pricing across races and neighborhoods”. In: Regional Science and Urban Economics 48.C,
pp. 199–215.

29



Goodman, Laurie, Karan Kaul, and Michael Neal (2020). The CARES Act Eviction Moratorium Cov-
ers All Federally Financed Rentals—That’s One in Four US Rental Units. Accessed: 2025-01-24.

Goodman, Laurie S. and Christopher Mayer (Feb. 2018). “Homeownership and the American Dream”.
In: Journal of Economic Perspectives 32.1, pp. 31–58.

Graham, James and Christos A. Makridis (2023). “House Prices and Consumption: A New Instru-
mental Variables Approach”. In: American Economic Journal: Macroeconomics 15.1, pp. 411–443.

Guren, Adam M., Alisdair McKay, Emi Nakamura, and Jón Steinsson (2021). “Housing Wealth Ef-
fects: The Long View”. In: Review of Economic Studies 88.2, pp. 669–707.

Haurin, Donald R., Toby L. Parcel, and R. Jean Haurin (2002). “Does Homeownership Affect Child
Outcomes?” In: Real Estate Economics 30.4, pp. 635–666.

Hoynes, Hilary, Douglas L. Miller, and Jessamyn Schaller (Sept. 2012). “Who Suffers during Reces-
sions?” In: Journal of Economic Perspectives 26.3, pp. 27–48.

Jiang, Wei, Ashlyn Aiko Nelson, and Edward Vytlacil (Mar. 2014). “Liar’s Loan? Effects of Origination
Channel and Information Falsification on Mortgage Delinquency”. In: The Review of Economics
and Statistics 96.1, pp. 1–18.

Keys, Benjamin J., Tanmoy Mukherjee, Amit Seru, and Vikrant Vig (2010). “Did Securitization Lead
to Lax Screening? Evidence from Subprime Loans”. In: The Quarterly Journal of Economics 125.1,
pp. 307–362.

LaCour-Little, Michael and Jing Yang (2013). “Taking the Lie Out of Liar Loans: The Effect of Re-
duced Documentation on the Performance and Pricing of Alt-A and Subprime Mortgages”. In:
Journal of Real Estate Research 35.4, pp. 507–554.

Lenhart, Otto (June 2019). “The effects of income on health: new evidence from the Earned Income
Tax Credit”. In: Review of Economics of the Household 17.2, pp. 377–410.

Li, Wenli and Michelle J. White (Nov. 2009). Mortgage Default, Foreclosure, and Bankruptcy. Working
Paper 15472. Cambridge, MA: National Bureau of Economic Research.

Mayer, Christopher, Karen Pence, and Shane M. Sherlund (Mar. 2009). “The Rise in Mortgage De-
faults”. In: Journal of Economic Perspectives 23.1, pp. 27–50.

Mian, Atif, Kamalesh Rao, and Amir Sufi (Sept. 2013). “Household Balance Sheets, Consumption,
and the Economic Slump*”. In: The Quarterly Journal of Economics 128.4, pp. 1687–1726.

Mian, Atif and Amir Sufi (Nov. 2009). “The Consequences of Mortgage Credit Expansion: Evidence
from the U.S. Mortgage Default Crisis*”. In: The Quarterly Journal of Economics 124.4, pp. 1449–
1496.

— (2011). “House Prices, Home Equity-Based Borrowing, and the US Household Leverage Crisis”.
In: American Economic Review 101.5, pp. 2132–56.

Oreopoulos, Philip, Till von Wachter, and Andrew Heisz (Jan. 2012). “The Short- and Long-Term
Career Effects of Graduating in a Recession”. In: American Economic Journal: Applied Economics
4.1, pp. 1–29.

Palmer, Christopher (Forthcoming). “An IV Hazard Model of Loan Default with an Application to
Subprime Mortgage Cohorts”. In: Journal of Finance.

Pennington-Cross, Anthony and Souphala Chomsisengphet (2007). “Subprime Refinancing: Equity
Extraction and Mortgage Termination”. In: Real Estate Economics 35.2, pp. 233–263.

Pradhan, Archana (2024). Home Equity Lending Rose to Highest Level Since 2008 in 2024.
RADAR Group, Federal Reserve Bank of Philadelphia (2023). Lessons Learned from the CARES Act

Mortgage Forbearance Program and Its Aftermath. Accessed: 2025-01-24.
Reid, Carolina K., Carly Urban, and J. Michael Collins (Jan. 2017). “Rolling the Dice on Foreclosure

Prevention: Differences Across Mortgage Servicers in Loan Modifications and Loan Cure Rates”.
In: Housing Policy Debate 27.1, pp. 1–27.

30



Ross, Stephen L. and Yuan Wang (2021). Mortgage Lenders and the Geographic Concentration of
Foreclosures. Working Papers 2022-001. Human Capital and Economic Opportunity Working
Group.

Schwandt, Hannes and Till von Wachter (2019). “Unlucky Cohorts: Estimating the Long-Term Ef-
fects of Entering the Labor Market in a Recession in Large Cross-Sectional Data Sets”. In: Jour-
nal of Labor Economics 37.S1, S161–S198.

Sodini, Paolo, Stijn Van Nieuwerburgh, Roine Vestman, and Ulf von Lilienfeld-Toal (Dec. 2023).
“Identifying the Benefits from Homeownership: A Swedish Experiment”. In: American Economic
Review 113.12, pp. 3173–3212.

31



Figure 1: Timeline
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Notes: Figure displays the timeline of events for our 7 waves of credit data, every 3 years from 2004 to 2022. Borrowers
purchase homes or refinance existing mortgages from 2004-2008. Delinquencies for our sample occur from 2008-2010.
Modifications are received between 2010 and 2013.
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Figure 2: Pre-Trends in Homeownership and Credit Variables
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Notes: Figures display groupwise averages for homeownership (measured by presence of an open mortgage), credit score,
credit card balance over the last 3 months, and number of auto loans. Groups are defined by delinquency in the 24 months
preceding June 2010 and by the receipt of a mortgage modification by 2013.
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Figure 3: Pre-Trends in Delinquincies
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Notes: Figure displays groupwise average rates of 90-day delinquency in the last 24 months across four types of credit:
credit cards, auto loans, student loans, and unsecured personal loans. Groups are defined by delinquency in the 24 months
preceding June 2010 and by the receipt of a mortgage modification by 2013. Groups are defined by delinquency in the 24
months preceding June 2010 and by the receipt of a mortgage modification by 2013.
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Figure 4: Balance Figure
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Notes: Figure displays balance on observables for two comparisons. Each row represents a regression of the displayed
variable on the left on an indicator for receipt of a mortgage modification. Dots show point estimates and bars show
95% confidence intervals. The horizontal axis is in standard deviation terms for non-binary variables. Blue dots show
a comparison of delinquent households with mortgage modifications (our treatment group) to a comparison group of all
households with no mortgage modification, and show substantial selection. Brown dots show a comparison of delinquent
households with a mortgage modification (our treatment group) to other delinquent households with no modification (our
control group), largely abating selection. Full results are shown in Appendix Table 1.
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Figure 5: Short-Run Changes in Homeownership
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Notes: Figure displays groupwise averages for homeownership (measured by presence of an open mortgage). Groups are
defined by delinquency in the 24 months preceding June 2010 and by the receipt of a mortgage modification by 2013.
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Figure 6: Long-Run Impact on Homeownership by Model
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Notes: Each series displays the point estimates and confidence intervals for an estimation of Equation (1). The red dots
display unconditional differences in homeownership between treatment and control groups in each year. Green triangles
add fixed effects for bins defined by MSA, origination year of loan, and loan type (purchase versus refinance). Lavender
squares add a vector of observable characteristics for the household and house, including square feet (log), initial loan
amount (log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread dummy, debt payment to income ratio in
2007, first mortgage payment to income ratio in 2007, total mortgage payment(s) to income ratio in 2007, presence of a
co-borrower (spouse), race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood poverty rate, neighborhood
percentage of African Americans, and neighborhood percentage of Hispanic. Blue rectangles add a vector of observable
characteristics for the household’s recent credit. Credit variables include vantage score, number of auto loans, and credit
card balance in 2004 and 2007. Orange rectangles add fixed effects for each lender. Standard errors are clustered by MSA,
year of loan origination, and type of loan. Appendix Table 2 displays full results.
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Figure 7: Long-Run Homeownership Estimates by Presence of a Co-borrower and MSA
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Notes: The figure displays point estimates and confidence intervals for an estimation of Equation (1), separately by either
presence of a co-borrower (left) or location (right). The model of heterogeneity by MSA includes fixed effects for bins de-
fined by year of loan origination and type of loan (purchase or refinance), as well as lender fixed effects. The model for
co-borrower presence additionally includes MSA fixed effects. Both include controls for housing and household features
and credit variables, including square feet (log), initial loan amount (log), loan-to-value ratio, subordinate debt, jumbo
loan, rate spread dummy, debt payment to income ratio in 2007, first mortgage payment to income ratio in 2007, total
mortgage payment(s) to income ratio in 2007, race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood
poverty rate, neighborhood percentage of African Americans, and neighborhood percentage of Hispanic, as well as 2004
and 2007 levels of credit score, number of auto loans, and credit card balance. The control variable for presence of a
co-borrower (spouse) is only included in the MSA model. Standard errors are clustered by MSA (only in the co-borrower
model), year of loan origination, and type of loan. Full results are displayed in Appendix Table 3 for heterogeneity by MSA
and 4 for the presence of a co-borrower.
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Figure 8: Long-Run Homeownership Estimates by Race/Ethnicity and Income
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Notes: The figure displays point estimates and confidence intervals for an estimation of Equation (1), separately by either
race/ethnicity (left) or income (right). Income groups are defined by terciles of HMDA-reported income at the time of loan
origination. The model includes fixed effects for bins defined by MSA, year of loan origination, and type of loan (purchase
or refinance), as well as lender fixed effects. It includes controls for housing and household features and credit variables,
including square feet (log), initial loan amount (log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread dummy,
debt payment to income ratio in 2007, first mortgage payment to income ratio in 2007, total mortgage payment(s) to income
ratio in 2007, presence of a co-borrower (spouse), race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood
poverty rate, neighborhood percentage of African Americans, and neighborhood percentage of Hispanic, as well as 2004
and 2007 levels of credit score, number of auto loans, and credit card balance. Control variables related to race and
ethnicity are not included in the model of Panel (a), and those related to income are not included in the model of Panel (b).
Standard errors are clustered by MSA, year of loan origination, and type of loan. Full results are displayed in Appendix
Table 5 for heterogeneity by race/ethnicity and 6 for income.
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Figure 9: Evolution of Credit Variables and Neighborhood Income
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Notes: Figure displays groupwise averages for credit score, credit card balance in the previous 3 months, number of auto
loans, and neighborhood income ranking. Neighborhood income rankings are defined by a ZIP code’s nationwide percentile
ranking of per capita income in 2010 and held fixed over time. Groups are defined by delinquency in the 24 months
preceding June 2010 and by the receipt of a mortgage modification by 2013.
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Figure 10: Long-Run Impact on Credit Variables and Neighborhood Income
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Notes: Figure displays point estimates and confidence intervals for an estimation of Equation (1). Coefficients represent
the difference between treated and control groups in each year on credit score, credit card balances, number of auto loans,
and neighborhood income ranking. The model contains all fixed effects and controls from Column (5) of Table 2 except
when the dependent variables are also in the controls. The model includes fixed effects for bins defined by MSA, year of
loan origination, and type of loan (purchase or refinance), as well as lender fixed effects. It includes controls for housing
and household features and credit variables, including square feet (log), initial loan amount (log), loan-to-value ratio,
subordinate debt, jumbo loan, rate spread dummy, debt payment to income ratio in 2007, first mortgage payment to income
ratio in 2007, total mortgage payment(s) to income ratio in 2007, presence of a co-borrower (spouse), race and ethnicity
(Black, Hispanic, Asian), initial income, neighborhood poverty rate, neighborhood percentage of African Americans, and
neighborhood percentage of Hispanic, as well as 2004 and 2007 levels of credit score, number of auto loans, and credit card
balance. Standard errors are clustered by MSA, year of loan origination, and type of loan. Full results are displayed in
Appendix Table 7.

41



Figure 11: Evolution of Delinquencies
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Notes: Figure displays groupwise average rates of 90-day delinquency in the last 24 months across four types of credit:
credit cards, auto loans, student loans, and unsecured personal loans. Groups are defined by delinquency in the 24 months
preceding June 2010 and by the receipt of a mortgage modification by 2013.
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Figure 12: Long-Run Impact on Delinquency
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Notes: Figure displays point estimates and confidence intervals for an estimation of Equation (1). Coefficients represent
the difference between treated and control groups in each year on rates of 90-day delinquency for four types of credit:
credit cards, auto loans, student loans, and unsecured personal loans. The model includes fixed effects for bins defined by
MSA, year of loan origination, and type of loan (purchase or refinance), as well as lender fixed effects. It includes controls
for housing and household features and credit variables, including square feet (log), initial loan amount (log), loan-to-
value ratio, subordinate debt, jumbo loan, rate spread dummy, debt payment to income ratio in 2007, first mortgage
payment to income ratio in 2007, total mortgage payment(s) to income ratio in 2007, presence of a co-borrower (spouse),
race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood poverty rate, neighborhood percentage of African
Americans, and neighborhood percentage of Hispanic, as well as 2004 and 2007 levels of credit score, number of auto loans,
and credit card balance. Standard errors are clustered by MSA, year of loan origination, and type of loan. Full results are
displayed in Appendix Table 8.
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Figure 13: Chapter 7 Bankruptcy Results
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(b) Impact of Modification on Chapter 7 Bankruptcy

Panel (a) displays groupwise averages rates of Chapter 7 bankruptcy, which is the form of personal bankruptcy more
commonly associated with home loss. Groups are defined by delinquency in the 24 months preceding June 2010 and by the
receipt of a mortgage modification by 2013. Panel (b) displays point estimates and confidence intervals for an estimation of
Equation (1). Coefficients represent the difference between treated and control groups in each year on rates of bankruptcy.
The model includes fixed effects for bins defined by MSA, year of loan origination, and type of loan (purchase or refinance),
as well as lender fixed effects. It includes controls for housing and household features and credit variables, including
square feet (log), initial loan amount (log), loan-to- value ratio, subordinate debt, jumbo loan, rate spread dummy, debt
payment to income ratio in 2007, first mortgage payment to income ratio in 2007, total mortgage payment(s) to income
ratio in 2007, presence of a co-borrower (spouse), race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood
poverty rate, neighborhood percentage of African Americans, and neighborhood percentage of Hispanic, as well as 2004
and 2007 levels of credit score, number of auto loans, and credit card balance. Standard errors are clustered by MSA, year
of loan origination, and type of loan. Full results are displayed in Appendix Table 8.
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Figure 14: Evolution of Housing Wealth under Alternative Assumptions

-100000

-50000

0

50000

100000

150000

200000

250000

300000

2004 2007 2010 2013 2016 2019 2022

Year

Delinquent, modification Delinquent, no modification
Not delinquent, no modification

(a) House Price Appreciation

-100000

-50000

0

50000

100000

150000

200000

250000

300000

2004 2007 2010 2013 2016 2019 2022

Year

Delinquent, modification Delinquent, no modification
Not delinquent, no modification

(b) Plus Home Loss 2010-2013

-100000

-50000

0

50000

100000

150000

200000

2004 2007 2010 2013 2016 2019 2022

Year

Delinquent, modification Delinquent, no modification
Not delinquent, no modification

(c) Plus Home Loss 2016, 2019, or 2022

-100000

-50000

0

50000

100000

150000

200000

2004 2007 2010 2013 2016 2019 2022

Year

Delinquent, modification Delinquent, no modification
Not delinquent, no modification

(d) Plus Home Acquisition 2016, 2019, or 2022

Notes: Panel (a) estimates the evolution of housing wealth under the asusmption that all households remain homeowners.
Each year displays groupwise averages of the sum of initial equity (initial home value minus initial loan amount), times
average house price appreciation in the ZIP code of residence in each year. Households that change ZIP codes receive
appreciation in their new ZIP code. Panel (b) accounts for home loss in the 2010-2013 period. For those who lose home-
ownership status, if capital gain is positive, we attribute it the household but allow no further wealth accumulation. If
capital gain is negative, we treat it as zero. Panel (c) follows the same procedure for home loss in later years. Panel (d)
adds capital gain back for households who lose homeownership status then regain it in a later period. We assume a 20%
down payment for such households. Households with coborrowers have gains split in half. These results are summarized
in Table 5.
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Figure 15: Trends in Opening New Home Equity Lines of Credit
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Notes: Figure displays trends in the share of households with a newly-opened home equity line of credit (HELOC) in
each year. Groups are defined by delinquency in the 24 months preceding June 2010 and by the receipt of a mortgage
modification by 2013.
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Figure 16: Long-Run Impact on Home-Ownership—Earlier Delinquency and Modification
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Notes: The figure displays point estimates and confidence intervals for an estimation of Equation (1), for an earlier sample
of distressed borrowers. Delinquencies occur in the 24 months preceding June 2007, and modifications are received by
2010. The model contains all fixed effects and controls from Column (5) of Table 2. The model includes fixed effects for
bins defined by MSA, year of loan origination, and type of loan (purchase or refinance), as well as lender fixed effects. It
includes controls for housing and household features and credit variables, including square feet (log), initial loan amount
(log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread dummy, debt payment to income ratio in 2007, first
mortgage payment to income ratio in 2007, total mortgage payment(s) to income ratio in 2007, presence of a co-borrower
(spouse), race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood poverty rate, neighborhood percentage
of African Americans, and neighborhood percentage of Hispanic, as well as the 2004 levels of credit score, number of auto
loans, and credit card balance. Standard errors are clustered by MSA, year of loan origination, and type of loan. Full
results are displayed in Appendix Table 9.
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Figure 17: Homeownership by Generation

-.1

0

.1

.2

.3

.4

.5

.6

2004 2007 2010 2013 2016 2019 2022

Year

Boomer or older
Gen X or younger

The figure displays point estimates and confidence intervals for an estimation of Equation (1), separately by borrower
age. The model contains all fixed effects and controls from Column (5) of Table 2. The model includes fixed effects for
bins defined by MSA, year of loan origination, and type of loan (purchase or refinance), as well as lender fixed effects. It
includes controls for housing and household features and credit variables, including square feet (log), initial loan amount
(log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread dummy, debt payment to income ratio in 2007, first
mortgage payment to income ratio in 2007, total mortgage payment(s) to income ratio in 2007, presence of a co-borrower
(spouse), race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood poverty rate, neighborhood percentage
of African Americans, and neighborhood percentage of Hispanic, as well as 2004 and 2007 levels of credit score, number of
auto loans, and credit card balance. Standard errors are clustered by MSA, year of loan origination, and type of loan. Full
results are displayed in Appendix Table 10.
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Table 1: Summary Statistics of Full, Matched, and Final Samples

(1) (2) (3)
Full Sample Matched Sample Final Sample

Refinance 0.538 0.535 0.527
Has Coborrower 0.593 0.600 0.597
Male 0.536 0.500 0.508
Black 0.096 0.091 0.088
Hispanic 0.166 0.146 0.133
Asian 0.079 0.084 0.088
HMDA Income (in $1,000s) 109.604 111.147 113.471
Home Size (Log Sq. Ft.) 6.751 6.746 6.736
Loan Amount (Log $) 12.320 12.340 12.346
LTV at Origination 0.770 0.767 0.763
Subordinate Debt 0.184 0.186 0.183
Jumbo Loan 0.223 0.230 0.233
Rate Spread 0.157 0.141 0.108
Neighborhood % Poverty 7.506 7.179 6.900
Neighborhood % Black 10.652 10.182 9.737
Neighborhood % Hispanic 15.725 14.900 13.935
Observations 375524 294185 231128

Notes: Figure displays summary statistics of the sample. Column (1) uses the full sample after removing repeated bor-
rowers (same name and address). Column (2) displays individuals who were matched to credit data and for whom housing
attributes are available, dropping individuals with missing or invalid credit scores or house size. Individuals are dropped
if they are missing credit scores in 2004 or 2022, or both 2019 and 2022. Column (3) restricts to individuals with an open
mortgage in 2010 and with no modification until 2013.
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Table 2: Balance for Homeownership Index For the Main Balance Table Sample

No Modification No Modification Modification Difference Difference
All Delinquent Delinquent All Delinquent

Homeownership Index Year (1) (2) (3) (3)-(1) (3)-(2)
2013 0.79 0.71 0.70 -0.087*** -0.012***
2016 0.73 0.47 0.46 -0.253*** -0.010***
2019 0.69 0.48 0.47 -0.201*** -0.003
2022 0.65 0.52 0.52 -0.122*** -0.003

Notes: The homeownership index in a given year is estimated on the sample of non-delinquent borrowers with no mort-
gage modification. The index regresses homeownership in the year on a set of control variables defined 3 years prior. The
regression uses MSA by year of loan origination by type of loan (purchase or refinance) fixed effects, and clusters standard
error by these variables. The control variables also include house square feet (log), initial loan amount (log), loan-to-value
ratio, subordinate debt, jumbo loan, rate spread dummy, debt payment to income ratio in 2007, first mortgage payment
to income ratio in 2007, mortgage payment to income ratio in 2007, presence of a co-borrower (spouse), race and ethnicity
(Black, Hispanic, Asian), initial income, neighborhood poverty rate, neighborhood percentage of African Americans, and
neighborhood percentage Hispanic. The control variables also include credit variables (vantage score, number of auto
loans, and credit card balance) before the current year. For each group, we calculate the average predicted value using
the resulting coefficients and observables. These are in-sample predictions for non-delinquent, no-modification borrowers,
and out-of-sample predictions for other groups. Columns (1)-(3) show groupwise averages of the index. Column (4) shows
the difference between our treatment group and the sample of all non-modification households. Column (5) shows the
difference between our treatment group and our control group.
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Table 3: Short-Run Impact of Mortgage Modification on Homeownership

(1) (2) (3) (4) (5)
Modification Indicator 0.355∗∗∗ 0.356∗∗∗ 0.354∗∗∗ 0.355∗∗∗ 0.359∗∗∗

(0.008) (0.008) (0.008) (0.008) (0.008)
MSA by Origination Yr by Refi FEs N Y Y Y Y
Household and Housing Features N N Y Y Y
Credit Variables N N N Y Y
Lender Fixed-Effects N N N N Y
Mean of Dependent Variable 0.578 0.578 0.578 0.578 0.578
R2 0.093 0.102 0.111 0.114 0.121
Observations 41440 41440 41440 41440 41118

Notes: Column (1) displays unconditional differences in homeownership between treatment and control groups in each
year. Column (2) adds fixed effects for bins defined by MSA, origination year of loan, and loan type (purchase versus
refinance). Column (3) adds a vector of observable characteristics for the household and house, including square feet
(log), initial loan amount (log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread dummy, debt payment to
income ratio in 2007, first mortgage payment to income ratio in 2007, total mortgage payment(s) to income ratio in 2007,
presence of a co-borrower (spouse), race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood poverty rate,
neighborhood percentage of African Americans, and neighborhood percentage of Hispanic. Column (4) adds a vector of
observable characteristics for the household’s recent credit. Credit variables include vantage score, number of auto loans,
and credit card balance in 2004 and 2007. Column (5) adds fixed effects for each lender. Standard errors are clustered by
MSA, year of loan origination, and type of loan.
p < 0.10, **p < 0.05, *** p < 0.01

Table 4: Short-Run Impact of Mortgage Modification on Foreclosure Notice

(1)
Foreclosure

Notice
Modification Indicator -0.189∗∗∗

(0.010)
MSA by Origination Yr by Refi FEs Y
Household and Housing Features Y
Credit Variables Y
Lender Fixed-Effects Y
Mean of Dependent Variable 0.690
R2 0
Observations 41118

Notes: Standard errors are clustered by MSA, year of loan origination, and type of loan. Household and housing features
include square feet (log), initial loan amount (log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread dummy,
debt payment to income ratio in 2007, first mortgage payment to income ratio in 2007, mortgage payment to income ratio in
2007, presence of a co-borrower (spouse), race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood poverty
rate, neighborhood percentage of African Americans, and neighborhood percentage of Hispanic. Credit Variables include
vantage score, number of auto loans, and credit card balance in 2004 and 2007.
p < 0.10, **p < 0.05, *** p < 0.01
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Table 5: Estimated House Wealth Differences in 2022 under Alternative Assumptions (in 2022
dollars)

Group
(1)

House Price
Appreciation

(2)
Plus Not A
Homeowner

2013

(3)
Plus Not A
Homeowner
2016-2022

(4)
Plus Home

-owner Again
2016-2019

Delinquent, modification $ 295,127 $ 255,634 $ 179,069 $ 190,509
Delinquent, no modification $ 289,266 $ 149,936 $ 84,482 $ 107,479
Not delinquent, no modification $ 322,519 $ 281,971 $ 224,272 $ 235,590
Difference Delinquent Mod VS No Mod $ 5,862 $ 105,698 $ 94,587 $ 83,030

Notes: The table displays estimated house wealth differences in 2022 for different groups of homeowners. The first row are
our treatment group. The second row are our control group. The third row represent other, non-distressed homeowners.
The fourth row shows differences between treatment and control. Column (1) estimates the evolution of housing wealth
under the assumption that all households remain homeowners. Each year displays groupwise averages of the sum of initial
equity (initial home value minus initial loan amount), times average house price appreciation in the ZIP code of residence
in each year. Households that change ZIP codes receive appreciation in their new ZIP code. Column (2) accounts for home
loss in the 2010-2013 period. For those who lose homeownership status, if capital gain is positive, we attribute it the
household but allow no further wealth accumulation. If capital gain is negative, we treat it as zero. Column (3) follows the
same procedure for home loss in later years. Column (4) adds capital gain back for households who lose homeownership
status then regain it in a later period. We assume a 20% down payment for such households. Households with coborrowers
have gains split in half.
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Table 6: Short-Run Effects in Fannie Mae Sample

(1) (2) (3) (4) (5)
Modification Indicator 0.400∗∗∗ 0.410∗∗∗ 0.408∗∗∗ 0.408∗∗∗ 0.407∗∗∗

(0.018) (0.023) (0.023) (0.023) (0.023)
MSA by Origination Date by Refi FE’s N Y Y Y Y
Borrower and Loan Controls N N Y Y Y
Servicer and Lender FE’s N N N Y Y
Month of first 90 Day Delinquency N N N N Y
Mean of Dependent Variable 0.706 0.706 0.706 0.706 0.706
R2 0.193 0.296 0.317 0.318 0.321
Observations 318466 316033 316033 316032 316032

Notes: The sample includes Fannie Mae 30-year fixed rate mortgages, released as part of the Fannie Mae performance
data base. We restrict the sample to mortgages that: (1) were originated and purchased between 2004 through 2008, (2)
were still active at the end of June of 2010, (3) had experienced a 90-day delinquency by that same date, but (4) had not
received a modification prior to that date. The dependent variable is equal to one if the mortgage was either still active
in June 2013, or fully paid off. The dependent variable is zero if the loan was terminated and the lender experienced a
loss at the point of termination, e.g. foreclosure or short sale. The modification indicator on the right-hand side is one if
a modification was obtained between June 2010 and June 2013. Column (1) is unconditional. Column (2) includes fixed
effects for bins defined by combinations of MSA (Fannie Mae geography, with non-metropolitan areas coded by state),
origination date (year by quarter), and loan type (purchase or refinance). Column (3) adds borrower and loan controls,
including combined loan to value ratio, credit score, debt to income ratio, whether the mortgage included subordinate debt,
log of loan amount, whether a there is a coborrower and property type. Column (4) adds servicer and lender fixed effects,
based on categories provided by Fannie Mae. Column (5) includes a fixed effect based on the first month that the loan
experienced a 90 day delinquency. Standard errors are clustered at the MSA level.
p < 0.10, **p < 0.05, *** p < 0.01
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7 Appendix

Appendix Table 1: Balance Table

No Modification No Modification Modification Difference Difference
All Delinquent Delinquent All Delinquent
(1) (2) (3) (3)-(1) (3)-(2)

Home and Mortgage
Log Square Feet 6.75 6.83 6.92 0.124*** 0.086***
Log Loan Amount 12.33 12.43 12.48 0.024* 0.016**
Loan to Value Ratio 0.76 0.83 0.82 0.049*** 0.000
Subordinate Debt 0.18 0.29 0.26 0.048*** -0.006
Jumbo Loan 0.21 0.27 0.30 0.019* 0.013**
Rate Spread 0.14 0.34 0.39 0.204*** 0.044***
Debt Payment to Income Ratio (2007) 0.31 0.42 0.44 0.113*** 0.013**
First Mort Payment to Income Ratio (2007) 0.21 0.29 0.32 0.082*** 0.019***
Mort Payment to Income Ratio (2007) 0.23 0.33 0.35 0.098*** 0.017***

Household
Has Coborrower 0.57 0.44 0.46 -0.097*** 0.004
Black 0.12 0.22 0.26 0.110*** 0.039***
Hispanic 0.15 0.31 0.34 0.153*** 0.037***
Asian 0.08 0.07 0.06 -0.019*** -0.009
Income 114 109 106 -17*** -5***

Neighborhood
Neighborhood Percent Poverty 7.54 10.03 10.20 1.922*** 0.312**
Neighborhood Percent Black 11.21 17.09 18.63 6.384*** 1.603***
Neighborhood Percent Hispanic 14.76 22.74 24.59 6.270*** 1.576***

Credit
Credit Score (2004) 690 635 630 -61*** -11***
Credit Score (2007) 737 672 665 -74*** -9***
Change in Credit Score (2004-2007) 48 36 35 -13*** 2
Number of Auto Loans (2004) 0.36 0.40 0.37 0.014 -0.037***
Number of Auto Loans (2007) 0.34 0.44 0.42 0.070*** -0.017*
Change in Auto Loans (2004-2007) -0.02 0.03 0.04 0.056*** 0.020
Credit Card Balance (2004) 6550 5836 5516 -1,172*** -535**
Credit Card Balance (2007) 8563 9414 8649 -108 -1,281***
Change in Credit Card Balance (2004-2007) 2013 3578 3133 1,065*** -746***

Number of Observations 213007 31686 9754

Notes: This table is visualized in Figure 4. Incomes used to generate income ratios are from the year of mortgage origi-
nation. Column (1) displays the mean of each variable for all households with no mortgage modification by 2013. Column
(2) restricts to households with no mortgage modification who also experienced a 90-day mortgage delinquency, and rep-
resents our key control group. Column (3) displays variable means for households with a mortgage modification who also
experienced a 90-day delinquency, and represents our treatment group. The final two columns show differences between
groups, representing point estimates for a regression that has the variable of interest on the left-hand side, and a group
indicator on the right-hand side, as well as fixed effects for bins defined by MSA, year of loan origination, and loan type
(purchase or refinance). Standard errors are clustered by these bins.
p < 0.10, **p < 0.05, *** p < 0.01
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Appendix Table 2: Table of Long-Term Estimate Homeownership by Model

(1) (2) (3) (4) (5)
2004 0.034*** 0.006 0.009 0.019*** 0.013**

(0.008) (0.007) (0.007) (0.007) (0.006)
2007 0.018*** 0.010* 0.008 0.010** 0.006

(0.007) (0.005) (0.005) (0.005) (0.005)
2010 0.000 0.000 0.000 0.000 0.000

(0.000) (0.000) (0.000) (0.000) (0.000)
2013 0.355*** 0.356*** 0.354*** 0.355*** 0.359***

(0.008) (0.008) (0.008) (0.008) (0.008)
2016 0.300*** 0.298*** 0.297*** 0.300*** 0.302***

(0.011) (0.011) (0.011) (0.011) (0.011)
2019 0.222*** 0.220*** 0.220*** 0.224*** 0.226***

(0.009) (0.009) (0.009) (0.009) (0.009)
2022 0.184*** 0.184*** 0.182*** 0.185*** 0.187***

(0.008) (0.009) (0.009) (0.009) (0.009)
MSA by Origination Yr by Refi FEs N Y Y Y Y
Household and Housing Features N N Y Y Y
Credit Variables N N N Y Y
Lender Fixed-Effects N N N N Y
Observations 41440 41440 41440 41440 41118

Notes: This table is visualized in Figure 6. Column (1) displays unconditional differences in homeownership between
treatment and control groups in each year. Column (2) adds fixed effects for bins defined by MSA, origination year of loan,
and loan type (purchase versus refinance). Column (3) adds a vector of observable characteristics for the household and
house, including square feet (log), initial loan amount (log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread
dummy, debt payment to income ratio in 2007, first mortgage payment to income ratio in 2007, total mortgage payment(s)
to income ratio in 2007, presence of a co-borrower (spouse), race and ethnicity (Black, Hispanic, Asian), initial income,
neighborhood poverty rate, neighborhood percentage of African Americans, and neighborhood percentage of Hispanic.
Column (4) adds a vector of observable characteristics for the household’s recent credit. Credit variables include vantage
score, number of auto loans, and credit card balance in 2004 and 2007. Column (5) adds fixed effects for each lender.
Standard errors are clustered by MSA, year of loan origination, and type of loan.
* p < 0.10, ** p < 0.05, *** p < 0.01
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Appendix Table 3: Table of Long-Term Estimate Homeownership by MSA

Chicago Cleveland Denver LA Maryland Miami SFBA
2004 -0.008 0.037** -0.011 0.025 0.011 0.025** 0.009

(0.022) (0.014) (0.030) (0.015) (0.010) (0.010) (0.011)
2007 0.006 0.014 0.014 0.009 0.004 0.008 -0.007

(0.014) (0.011) (0.014) (0.013) (0.015) (0.009) (0.009)
2010 0.000 0.000 0.000 0.000 0.000 0.000 0.000

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
2013 0.342*** 0.311*** 0.297*** 0.379*** 0.294*** 0.413*** 0.380***

(0.009) (0.022) (0.033) (0.014) (0.020) (0.010) (0.013)
2016 0.284*** 0.254*** 0.203*** 0.303*** 0.227*** 0.368*** 0.351***

(0.021) (0.028) (0.023) (0.014) (0.025) (0.023) (0.012)
2019 0.207*** 0.183*** 0.134*** 0.248*** 0.154*** 0.266*** 0.270***

(0.014) (0.048) (0.021) (0.019) (0.010) (0.016) (0.016)
2022 0.170*** 0.085** 0.094*** 0.213*** 0.153*** 0.206*** 0.229***

(0.018) (0.035) (0.017) (0.013) (0.018) (0.021) (0.018)
Origination Yr by Refi FEs Y Y Y Y Y Y Y
MSA FE N N N N N N N
Household and Housing Features Y Y Y Y Y Y Y
Credit Variables Y Y Y Y Y Y Y
Lender Fixed-Effects Y Y Y Y Y Y Y
Observations 5075 2840 3401 8805 5707 7893 7397

Notes: This table is visualized in Figure 7. The model is estimated separately by location. The model includes fixed
effects for bins defined by year of loan origination, type of loan (purchase or refinance), and lender fixed effects. It in-
cludes controls for housing and household features and credit variables, including square feet (log), initial loan amount
(log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread dummy, debt payment to income ratio in 2007, first
mortgage payment to income ratio in 2007, total mortgage payment(s) to income ratio in 2007, presence of a co-borrower
(spouse), race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood poverty rate, neighborhood percentage
of African Americans, and neighborhood percentage of Hispanic, as well as 2004 and 2007 levels of credit score, number of
auto loans, and credit card balance. Standard errors are clustered by year of loan origination and type of loan.
* p < 0.10, ** p < 0.05, *** p < 0.01

56



Appendix Table 4: Table of Long-Term Estimate Homeownership by Coborrower

Coborrower Present No Coborrower
2004 0.033*** -0.008

(0.007) (0.010)
2007 0.005 0.007

(0.004) (0.008)
2010 0.000 0.000

(0.000) (0.000)
2013 0.379*** 0.341***

(0.008) (0.012)
2016 0.345*** 0.257***

(0.014) (0.013)
2019 0.255*** 0.196***

(0.010) (0.013)
2022 0.221*** 0.151***

(0.010) (0.011)
MSA by Origination Yr by Refi FEs Y Y
Household and Housing Features Y Y
Credit Variables Y Y
Lender Fixed-Effects Y Y
Observations 22636 18482

Notes: This table is visualized in Figure 7. The model is estimated separately by the presence of a co-borrower (spouse).
The model includes fixed effects for bins defined by MSA, year of loan origination, and type of loan (purchase or refinance),
as well as lender fixed effects. It includes controls for housing and household features and credit variables, including
square feet (log), initial loan amount (log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread dummy, debt pay-
ment to income ratio in 2007, first mortgage payment to income ratio in 2007, total mortgage payment(s) to income ratio
in 2007, race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood poverty rate, neighborhood percentage
of African Americans, and neighborhood percentage of Hispanic, as well as 2004 and 2007 levels of credit score, number of
auto loans, and credit card balance. Standard errors are clustered by MSA, year of loan origination, and type of loan.
* p < 0.10, ** p < 0.05, *** p < 0.01
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Appendix Table 5: Table of Long-Term Estimate Homeownership by Race and Ethnicity

White Black Hispanic Asian
2004 -0.004 0.019* 0.017 0.050***

(0.013) (0.010) (0.011) (0.018)
2007 0.011* -0.008 0.002 0.009

(0.007) (0.007) (0.008) (0.012)
2010 0.000 0.000 0.000 0.000

(0.000) (0.000) (0.000) (0.000)
2013 0.334*** 0.336*** 0.393*** 0.375***

(0.014) (0.013) (0.009) (0.020)
2016 0.256*** 0.278*** 0.361*** 0.316***

(0.015) (0.019) (0.014) (0.021)
2019 0.186*** 0.182*** 0.279*** 0.246***

(0.016) (0.017) (0.011) (0.030)
2022 0.138*** 0.151*** 0.254*** 0.196***

(0.015) (0.019) (0.012) (0.028)
MSA by Origination Yr by Refi FEs Y Y Y Y
Household and Housing Features Y Y Y Y
Credit Variables Y Y Y Y
Lender Fixed-Effects Y Y Y Y
Observations 14262 9344 12910 2705

Notes: This table is visualized in Figure 8. The model is estimated separately by race/ethnic group. The model includes
fixed effects for bins defined by MSA, year of loan origination, and type of loan (purchase or refinance), as well as lender
fixed effects. It includes controls for housing and household features and credit variables, including square feet (log),
initial loan amount (log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread dummy, debt payment to income
ratio in 2007, first mortgage payment to income ratio in 2007, total mortgage payment(s) to income ratio in 2007, presence
of a co-borrower (spouse), initial income, and neighborhood poverty rate, as well as 2004 and 2007 levels of credit score,
number of auto loans, and credit card balance. Standard errors are clustered by MSA, year of loan origination, and type of
loan.
* p < 0.10, ** p < 0.05, *** p < 0.01
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Appendix Table 6: Table of Long-Term Estimate Homeownership by Income

Low Income Middle Income High Income
2004 0.012 0.018 0.012

(0.009) (0.012) (0.013)
2007 0.015** 0.003 0.018***

(0.007) (0.007) (0.006)
2010 0.000 0.000 0.000

(0.000) (0.000) (0.000)
2013 0.375*** 0.367*** 0.339***

(0.013) (0.015) (0.014)
2016 0.303*** 0.319*** 0.290***

(0.013) (0.016) (0.015)
2019 0.243*** 0.216*** 0.223***

(0.015) (0.014) (0.017)
2022 0.195*** 0.182*** 0.186***

(0.015) (0.015) (0.014)
MSA by Origination Yr by Refi FEs Y Y Y
Household and Housing Features Y Y Y
Credit Variables Y Y Y
Lender Fixed-Effects Y Y Y
Observations 14038 13557 13523

Notes: This table is visualized in Figure 8. The model is estimated separately by terciles of HMDA-reported income at
loan origination. The model includes fixed effects for bins defined by MSA, year of loan origination, and type of loan
(purchase or refinance), as well as lender fixed effects. It includes controls for housing and household features and credit
variables, including square feet (log), initial loan amount (log), loan-to-value ratio, subordinate debt, jumbo loan, rate
spread dummy, presence of a co-borrower (spouse), race and ethnicity (Black, Hispanic, Asian), neighborhood percentage
of African Americans, and neighborhood percentage of Hispanic, as well as 2004 and 2007 levels of credit score, number of
auto loans, and credit card balance. Standard errors are clustered by MSA, year of loan origination, and type of loan.
* p < 0.10, ** p < 0.05, *** p < 0.01
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Appendix Table 7: Long-Term Effects on Credit and Consumption Variables

Vantage
Score

Credit Card
Balance

Number of
Auto Loans

Neighborhood
Income Ranking

2004 -5.929*** -101.678 -0.019 -1.124***
(1.449) (209.325) (0.013) (0.342)

2007 -1.393 -318.827 -0.012 -0.740**
(1.189) (193.023) (0.009) (0.309)

2010 -2.615*** 423.528*** -0.013** -1.104***
(0.894) (152.850) (0.006) (0.358)

2013 2.180* 214.097** 0.011 -1.278***
(1.174) (95.986) (0.008) (0.418)

2016 -0.353 172.081 -0.001 -1.062**
(1.459) (127.703) (0.009) (0.403)

2019 2.131 70.975 -0.007 -1.049**
(1.526) (186.177) (0.009) (0.406)

2022 5.119** 33.434 0.008 -1.041**
(2.050) (200.130) (0.008) (0.427)

MSA by Origination Yr by Refi FEs Y Y Y Y
Household and Housing Features Y Y Y Y
Credit Variables Y Y Y Y
Lender Fixed-Effects Y Y Y Y
Observations 41118 41118 41118 40578

Notes: This table is visualized in Figure 10. Neighborhood income rankings are defined by a ZIP code’s nationwide
percentile ranking of per capita income in 2010 and held fixed over time. The model contains all fixed effects and controls
from Column (5) of Table 2 except when the dependent variables are also in the controls. For example, in the model of
vantage score, the 2004 and 2007 levels of credit scores are not included in the control variables for the estimation in 2004.
The 2004 levels of credit scores are added after year 2007, and after 2007 we have both 2004 and 2007 levels of credit
scores. For neighborhood income ranking, we remove the neighborhood poverty rate from the controls for all years. The
model includes fixed effects for bins defined by MSA, year of loan origination, and type of loan (purchase or refinance), as
well as lender fixed effects. It includes controls for housing and household features and credit variables, including square
feet (log), initial loan amount (log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread dummy, debt payment
to income ratio in 2007, first mortgage payment to income ratio in 2007, total mortgage payment(s) to income ratio in
2007, presence of a co-borrower (spouse), race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood poverty
rate, neighborhood percentage of African Americans, and neighborhood percentage of Hispanic, as well as 2004 and 2007
levels of credit score, number of auto loans, and credit card balance. Standard errors are clustered by MSA, year of loan
origination, and type of loan.
* p < 0.10, ** p < 0.05, *** p < 0.01
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Appendix Table 8: Table of Long-Term Delinquency Estimates

Credit Card
90-Day

Delinquency

Auto Loan
90-Day

Delinquency

Student Loan
90-Day

Delinquency

Unsecured Personal
Loan 90-Day
Delinquency

Chapter 7
Bankruptcy

2004 0.004 -0.007*** 0.000 -0.001 0.005
(0.005) (0.002) (0.001) (0.001) (0.005)

2007 0.000 -0.003* -0.002 -0.000 -0.002
(0.005) (0.002) (0.002) (0.001) (0.004)

2010 0.000 -0.020*** -0.005* -0.001 -0.023***
(0.007) (0.005) (0.003) (0.003) (0.005)

2013 0.018** -0.012*** -0.004 -0.000 -0.068***
(0.007) (0.004) (0.003) (0.001) (0.005)

2016 0.005 -0.003 -0.000 0.000 -0.075***
(0.005) (0.003) (0.002) (0.001) (0.006)

2019 0.002 -0.002 0.002 0.000 -0.065***
(0.005) (0.003) (0.002) (0.002) (0.006)

2022 -0.004 -0.004* -0.001 -0.001 -0.019***
(0.003) (0.002) (0.001) (0.002) (0.004)

MSA by Origination Yr by Refi FEs Y Y Y Y Y
Household and Housing Features Y Y Y Y Y
Credit Variables Y Y Y Y Y
Lender Fixed-Effects Y Y Y Y Y
Observations 41118 41118 41118 41118 41118

Notes: This table is visualized in Figure 12. Neighborhood income rankings are defined by a ZIP code’s nationwide per-
centile ranking of per capita income in 2010 and held fixed over time. The model contains all fixed effects and controls
from Column (5) of Table 2. The model includes fixed effects for bins defined by MSA, year of loan origination, and type
of loan (purchase or refinance), as well as lender fixed effects. It includes controls for housing and household features and
credit variables, including square feet (log), initial loan amount (log), loan-to-value ratio, subordinate debt, jumbo loan,
rate spread dummy, debt payment to income ratio in 2007, first mortgage payment to income ratio in 2007, total mortgage
payment(s) to income ratio in 2007, presence of a co-borrower (spouse), race and ethnicity (Black, Hispanic, Asian), initial
income, neighborhood poverty rate, neighborhood percentage of African Americans, and neighborhood percentage of His-
panic, as well as 2004 and 2007 levels of credit score, number of auto loans, and credit card balance. Standard errors are
clustered by MSA, year of loan origination, and type of loan.
* p < 0.10, ** p < 0.05, *** p < 0.01
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Appendix Table 9: Table of Long-Term Estimate Homeownership Conditioning On Delinquency in
2007

Modification in 2010
2004 -0.055

(0.049)
2007 0.000

(0.000)
2010 0.402***

(0.026)
2013 0.298***

(0.048)
2016 0.275***

(0.053)
2019 0.123**

(0.052)
2022 0.097*

(0.056)
MSA by Origination Yr by Refi FEs Y
Household and Housing Features Y
Credit Variables Y
Lender Fixed-Effects Y
Observations 6562

Notes: This table is visualized in Figure 16. The model contains all fixed effects and controls from Column (5) of Table
2, estimated for an earlier sample of distressed borrowers. Delinquencies occur in the 24 months preceding June 2007,
and modifications are received by 2010. The model includes fixed effects for bins defined by MSA, year of loan origination,
and type of loan (purchase or refinance), as well as lender fixed effects. It includes controls for housing and household
features and credit variables, including square feet (log), initial loan amount (log), loan-to-value ratio, subordinate debt,
jumbo loan, rate spread dummy, debt payment to income ratio in 2007, first mortgage payment to income ratio in 2007,
total mortgage payment(s) to income ratio in 2007, presence of a co-borrower (spouse), race and ethnicity (Black, Hispanic,
Asian), initial income, neighborhood poverty rate, neighborhood percentage of African Americans, and neighborhood per-
centage of Hispanic, as well as 2004 levels of credit score, number of auto loans, and credit card balance. Standard errors
are clustered by MSA, year of loan origination, and type of loan.
* p < 0.10, ** p < 0.05, *** p < 0.01
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Appendix Table 10: Table of Long-Term Estimate Homeownership by Generation

Boomer or older Gen X or younger
2004 0.005 0.014

(0.009) (0.010)
2007 0.004 0.007

(0.006) (0.006)
2010 0.000 0.000

(0.000) (0.000)
2013 0.343*** 0.378***

(0.010) (0.010)
2016 0.295*** 0.307***

(0.012) (0.015)
2019 0.224*** 0.226***

(0.011) (0.012)
2022 0.182*** 0.196***

(0.010) (0.012)
MSA by Origination Yr by Refi FEs Y Y
Household and Housing Features Y Y
Credit Variables Y Y
Lender Fixed-Effects Y Y
Observations 21443 18735

Notes: This table is visualized in Figure 17. The model contains all fixed effects and controls from Column (5) of Table 2,
separately by borrower age. Delinquencies occur in the 24 months preceding June 2007, and modifications are received
by 2010. The model includes fixed effects for bins defined by MSA, year of loan origination, and type of loan (purchase
or refinance), as well as lender fixed effects. It includes controls for housing and household features and credit variables,
including square feet (log), initial loan amount (log), loan-to-value ratio, subordinate debt, jumbo loan, rate spread dummy,
debt payment to income ratio in 2007, first mortgage payment to income ratio in 2007, total mortgage payment(s) to income
ratio in 2007, presence of a co-borrower (spouse), race and ethnicity (Black, Hispanic, Asian), initial income, neighborhood
poverty rate, neighborhood percentage of African Americans, and neighborhood percentage of Hispanic, as well as 2004
and 2007 levels of credit score, number of auto loans, and credit card balance. Standard errors are clustered by MSA, year
of loan origination, and type of loan.
* p < 0.10, ** p < 0.05, *** p < 0.01

63


	Introduction
	Background
	Data and Research Design
	Sample and Data Sets
	Research Design
	Balance tests


	Main Results
	Homeownership in the Short Run
	Homeownership over the Long Run
	Credit, Consumption, and Neighborhood Outcomes
	House Price Appreciation and Housing Wealth

	Robustness
	Fannie Mae Sample
	Earlier Delinquency/Modification
	Older vs Younger Generations

	Conclusion
	Appendix

