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Abstract
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such as Las Vegas and Phoenix, were significantly more likely to witness a simultaneous large
increase in both house price growth and construction activity during the housing boom. The
bust was particularly severe in these cities, bringing house prices and construction activity
below pre-2003 levels. We are unable to find evidence that a rise in local optimism about
house price growth triggered the rise in mortgage originations in these areas; on average,
individuals living in these areas became more pessimistic about the housing market from
2003 to 2006. The results suggest that the acceleration of the private label market may have
allowed a smaller group of optimistic buyers to have large effects on the housing market.
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1 Introduction

The United States experienced an amplified housing cycle from 2000 to 2010, and a consensus

has emerged that this cycle was an important factor in precipitating the Great Recession.

However, there remains disagreement on the underlying factors responsible for the housing

cycle. A variety of explanations have been put forth by researchers, including shifts in

mortgage credit supply, changes in housing market optimism, and speculation by investors.

This study presents evidence that the amplitude of the housing cycle is explained in part

by the acceleration and subsequent collapse of the private-label mortgage backed securitiza-

tion market (the PLS market hereafter).1 Figure 1 shows the acceleration and subsequent

collapse of the PLS market. Following the large mortgage refinancing wave of 2000 to 2002,

the share of mortgages originated in the PLS market rose sharply. From 2003 to 2006,

the PLS fraction of total mortgage originations rose from 16% of originations to 46%. As

has been shown in the literature, the acceleration of the PLS market in 2003 was a credit

supply-side phenomenon associated with a large increase in mortgage quantity and a signif-

icant decline in mortgage interest spreads (e.g., Levitin and Wachter (2013); Justiniano et

al. (2017)).

What was the effect of the acceleration and collapse of the PLS market on the housing

cycle? Our empirical strategy to address this question begins with cross-sectional variation

across financial institutions in reliance on non-core deposits to fund loans. In particular, the

acceleration of the PLS market after 2002 disproportionately reduced the cost of originating

mortgages for financial institutions that traditionally relied on non-core deposit liability

financing.2 The extreme example of such financial institutions is the group of non-bank

1The PLS market during the 2000s included subprime mortgages, but subprime mortgage originations
made up no more than 40% of this market in any year from 2000 to 2006. It is important to emphasize from
the outset that this market is broader than the subprime segment.

2Core deposits are defined by the FDIC as “ the sum of demand deposits, all NOW and automatic
transfer service (ATS) accounts, money market deposit accounts (MMDAs), other savings deposits, and
time deposits under $100,000.” As the FDIC writes, “Core deposits, as an analytical and supervisory tool,
are intended to include those deposits that are stable and lower cost and that reprice more slowly than other
deposits when interest rates rise” (FDIC 2011).
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mortgage lenders, such as Ameriquest Mortgage Company, that rely entirely on non-core

deposit financing in the mortgage origination process.

Our bank-level results show that even regulated deposit-taking financial institutions that

traditionally relied more on non-core deposit liability financing prior to the rise of the PLS

market witnessed a sudden relative expansion in mortgage lending starting in 2003. In

particular, among deposit-taking financial institutions, the non-core deposit liabilities to

total liabilities ratio (the NCL ratio hereafter) as of 2002 predicts a large and statistically

robust increase in mortgage originations from 2002 to 2006. Further, this expansion in

mortgage lending by high NCL ratio banks is driven by mortgages sold into the PLS market.

We combine mortgage lenders and traditional banks relying heavily on non-core deposit

financing into one group (which we call “High NCL lenders”), and we show that mortgage

originations by these financial institutions see strong relative growth beginning exactly with

the acceleration of the PLS market in 2003.

The next step of the empirical strategy is to define geographic exposure across zip codes

to high NCL lenders prior to the acceleration of the PLS market. In particular, the Home

Mortgage Disclosure Act (HMDA) data is used to calculate the average NCL ratio for lenders

originating mortgages in a given zip code, where the average NCL ratio is weighted by the

amount of mortgage originations by the lender in the zip code in 2002. In this manner,

we create a 2002 measure of cross-sectional variation across zip codes in exposure to the

subsequent acceleration of the PLS market.

Zip codes more exposed to high NCL lenders see strong relative growth in mortgage

originations from 2002 to 2006. This is true for both new home-purchase mortgages and for

refinancing mortgages, and it is driven by a rise in originations sold into the private-label

securitization market. The relative growth is especially strong for the extensive margin of

home purchase. We use two measures of purchase intensity: the number of new purchase

mortgages and a measure of volume from deed records collected by DataQuick. For both

measures, the results show a significant increase in volume from 2002 to 2006 in zip codes
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most exposed to high NCL lenders as of 2002. In terms of magnitudes, a one standard

deviation increase in NCL exposure leads 15 to 25% increase in the growth of mortgage

origination amounts and a 10 to 15% increase in transaction volume.

Our interpretation of these results is that the acceleration of the PLS market in 2003

represented a positive credit supply shock enabling buyers to obtain mortgage finance more

easily (or cheaply) from 2003 to 2006, and this shock led to a large increase in transaction

volume. We then explore how this shock affected house prices and residential construction.

The results show that house prices and construction in high NCL areas experienced stronger

relative growth from 2002 to 2006, and the timing matches closely the rise in mortgage

origination growth. In terms of magnitudes, a one standard deviation increase in the NCL

ratio leads to an increase in house price growth of 8 percentage points (12 percentage points

in the most inelastic housing supply areas), and a rise in construction of 1.3% percent of the

housing stock. The latter effect is almost one-half a standard deviation in the measure of

construction.

One of the puzzling aspects of the housing boom from 2002 to 2006 is the presence of

cities with elastic housing supply that simultaneously experienced large house price and

construction growth (e.g., Glaeser et al. (2008), Davidoff (2013), Nathanson and Zwick

(2017)). As shown Glaeser et al. (2008), these anomalous MSAs are difficult to explain

in standard models with rational beliefs; if housing supply is elastic and there are a finite

number of borrowers, then it is difficult to justify large increases in house prices.

The findings presented here suggest that the rise of the PLS market is a crucial factor in

explaining this puzzle. We define “boom” cities as those that are in the top quartile of both

the house price growth and construction growth distribution from 2002 to 2006. We show

that exposure to NCL lenders as of 2002 predicts whether a city subsequently ends up as a

boom city, and the magnitude is large. Further, cities with a large NCL share experience

an “over-correction” to both house price growth and construction growth during the bust.

By 2010, house prices and construction activity are below the 2002 level in high NCL share
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cities. Glaeser et al. (2008) make exactly this prediction in a model with irrational beliefs:

excessive building in elastic housing supply cities during the boom will lead to a steep decline

in prices and construction when prices eventually fall. The results presented here suggest

that credit provision fueled by the PLS market was a crucial ingredient in explaining what

happened in these MSAs.3

We also investigate the evolution of housing market optimism in MSAs with a high NCL

lender share. To conduct such an investigation, we use MSA-level measures of home buying

optimism based on individual responses to the Michigan Survey of Consumers (Piazzesi

and Schneider (2009)). We are unable to find evidence that individuals living in MSAs

most exposed to high NCL lenders experienced a statistically significant relative change in

attitudes toward home buying prior to the rise of the PLS market from 2000 to 2002. In

other words, there is no evidence that a local “optimism shock” started the lending boom

in high NCL lender share MSAs.

In fact, individuals living in high NCL MSAs on average become more pessimistic about

the housing market from 2003 to 2006. On average, individuals increasingly report that it is

a bad time to buy a house, and, in particular, they report that it is a bad time to buy a house

because prices are too high. This evidence is inconsistent with the view that a general rise

in optimism from 2003 to 2006 can explain relative mortgage origination, house price, and

construction growth in high NCL share MSAs. Instead, the acceleration of the PLS market

likely increased the purchasing power of a smaller group of more optimistic investors, many

of whom may not have resided in the MSA itself (e.g., Chinco and Mayer (2015)). We are

investigating this channel in ongoing work on this project.

Our interpretation of these results is that the rise of the PLS market had important effects

on mortgage originations, transaction volume, prices, and construction activity. However,

3Nathanson and Zwick (2017) construct a model with supply-side speculators that can explain this
pattern. Our findings suggest that the presence of the PLS market was an important factor in predicting
where such speculation arose. Our findings here are also consistent with a suggestion in Davidoff (2013) who
notes that the presence of certain banks as of 2001 in many of these anomalous markets may explain house
price volatility.
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one obvious concern is omitted variable bias: perhaps high NCL areas experienced other

shocks from 2002 to 2006 that can explain these differential outcomes. The allocation of

high NCL share lenders across the country prior to 2003 is not random. High NCL lenders

concentrate their mortgage lending in deposit-poor MSAs that have higher average house

prices and more inelastic housing supply conditions. Within these MSAs, high NCL lenders

focus on lower income, lower credit score, and higher minority share zip codes.

There are three findings that help alleviate the concern that alternative shocks are re-

sponsible for the results. First, specifications conducted at the lender-MSA and lender-zip

code level show that high NCL lenders expand mortgage originations more than low NCL

lenders even within the same narrow geographic area. For example, the relative growth in

mortgage originations for high versus low NCL lenders is large and statistically significant at

the 1% level even with the inclusion of zip code fixed effects. This implies that unobservable

characteristics or shocks at the zip code level cannot explain the relative growth in mortgage

originations by high NCL lenders during the housing boom. Further, the effect of the NCL

lender share on house prices and volume is qualitatively similar when using only within-MSA

zip-code level variation in the NCL lender share.

Second, the timing of the relative growth in mortgage originations matches exactly the

acceleration of the PLS market in mid-2003. There is no evidence of differential pre-trends

in mortgage originations prior to 2003. Further, we use county-by-month HMDA data from

the Federal Reserve to show that the relative increase in mortgage originations in high NCL

share MSAs begins in September 2003, just as the PLS market accelerates in response to

the decline in refinancing originations.4 The relative growth in volume, house prices, and

construction in high NCL areas also starts in 2003 with the acceleration of the PLS market.

Further, the results are almost identical if we use a measure of exposure to high NCL lenders

as of 1998 instead of 2002.5 Third, we examine the main alternative hypothesis put forth

4This is closely related to the mortgage rate conundrum found by Justiniano et al. (2017). We discuss
this in more detail below.

5These results are reported in the appendix.
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in the literature: that a change in beliefs about house prices can explain the rise in house

prices. As already mentioned, we are unable to find evidence that optimism about house

price growth changed differentially in high NCL share MSAs before 2003.

There is a large body of research on the PLS market and the housing boom and bust

from 2000 to 2010. We first present our main results, and then we discuss how our findings

are related to this large body of research in Section 8.

2 Data and Summary Statistics

2.1 Data

The main data sets used in this study are at the lender, MSA, and zip code level. We

begin with the Home Mortgage Disclosure Act (HMDA) data which records the universe

of mortgage originations for mortgage originators that have an office within metropolitan

statistical areas (MSAs).6 We identify each mortgage originator in the HMDA data, and we

classify them as either a “bank” or a “non-bank” based on whether they are regulated by

the Federal Reserve as a deposit-taking institution.

More specifically, financial institutions report any mortgage loans to their regulatory

agency, and they are given a unique ID number and agency code in the loan-level data.

The financial institutions we focus on are regulated by the Office of the Comptroller of the

Currency (OCC, agency code 1), the Federal Reserve System (FRS, agency code 2), and

the Federal Deposit Insurance Corporation (FDIC, agency code 3); thrifts regulated by the

Office of Thrift Supervision (OTS, agency code 4); and independent mortgage companies

regulated by the Department of Housing and Urban Development (HUD, agency code 7).

This only leaves out credit unions, who make up a small portion of lending, and institutions

regulated by the Consumer Financial Protection Bureau, an agency that was only created

6See guidelines for HMDA issued by the Federal Reserve in 2005: “a lender does not have to report
HMDA data unless it has an office in a metropolitan statistical area (MSA). As a result, reporting of home
loans in some rural areas may be relatively low.”
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at the end of the decade as a response to the financial crisis. What we call banks are those

institutions regulated by agencies corresponding to agency codes 1-4 since these are asso-

ciated with a depository institution. Non-banks are non-depository independent mortgage

lending companies and correspond to agency code 7.

We link lenders in the HMDA data to regulatory data filed by banks in the Report of

Condition and Income (the Call Report) and by thrifts in the OTS Thrift Financial Report

(TFR). Financial institutions that submit one of these forms are given a unique ID. If a

bank (thrift) is part of a multi-bank (multi-thrift) holding company then each form provides

a holding company ID which corresponds to the regulatory high holding company of the

institution. For our analysis, we use the bank-holding or thift-holding company ID when

an institution is part of a holding company and its unique ID otherwise. The HMDA ID is

used for independent mortgage companies. Using a key of the HMDA Report IDs and the

Call Report and TFR bank IDs provided to us by the Federal Reserve Board, we match the

loan-level HMDA data to the bank level report data.7

The lender-level data set is the basis of our MSA and zip-code level data sets. Given the

reporting restriction for originators in the HMDA data, we isolate our sample to zip codes

that are located within MSAs. As of 2002, zip codes within MSAs account for 94% of the

mortgage originations in HMDA. For these zip codes, we aggregate all HMDA originations

by year, which gives us a zip-year level data set on mortgage originations. We also calculate

for each zip code the 2002 non-core liability lender share (the NCL ratio). The 2002 NCL

ratio is the weighted average NCL ratio of all lenders originating mortgages in the zip code

in 2002, where the weights are determined by the total amount of originated mortgages by

a given lender. We construct an MSA-level data set using the same procedure.

The other zip-code and MSA-level data sets are standard in the literature. The data sets

include CoreLogic house price data at the zip code and MSA level. New units constructed

come from the Census Building Permits Survey, which are available only at the county-level.

7We are grateful to Neil Bhutta who provided us access to this key.
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As a result, we do not have a measure of construction at the zip code level. Total volume

comes from the DataQuick data base, subsequently purchased by CoreLogic. We follow

closely the construction in DeFusco et al. (2017), and we include the same MSAs as in their

sample. The data sets we use also include a measure of cash-out refinancing volume as

reported from mortgage refinancing data from CoreLogic. The CoreLogic refinancing data

is described in more detail in Mian and Sufi (2014).

2.2 Summary statistics

Table 1 provides summary statistics for the lender level, zip code level, and MSA level data

sets. The average ratio of non-core deposit liabilities to total liabilities is 0.74. Recall that

this is defined to be one for non-bank mortgage lenders. Non-bank mortgage lenders make

up 25% of the lender-level sample.

At the zip-code level, the 2002 NCL share is on average 0.78. The variables ∆yBOOM

are constructed as follows. First, we add outcome y for zip code z in MSA m for years 2004

through 2006, and we then add outcome y for years 2000 through 2002. ∆yBOOM is defined

to be the difference between the two. Housing supply elasticity comes from Saiz (2010) and

is available at the MSA level. For the number of new housing permits, we measure total

construction during the boom as total units constructed in an MSA from 2004 to 2006, scaled

by total housing units in the MSA as of 2000.

3 Empirical Strategy

Our empirical strategy seeks to exploit a cross-sectional source of variation and a time-series

source of variation. More specifically, it uses variation across geographic areas in exposure to

mortgage lenders that typically rely heavily on non-core deposits in their liability structure.

It then interacts this variation with acceleration in the PLS market in 2003 in the United

States. In this section, we explain the empirical strategy in more detail, and we explore both
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sources of variation.

3.1 Acceleration of the PLS market

The acceleration of the PLS market from 2003 to 2006 (shown in Figure 1) has been the topic

of a large body of research (e.g., Chernenko et al. (2014)), and the consensus in this literature

is that it reflected a supply-side phenomenon (e.g., Levitin and Wachter (2013); Justiniano

et al. (2017)). The rapid rise of the PLS market was associated with a large increase in the

quantity of mortgage originations and a sharp drop in mortgage interest spreads, indicative

of an outward shift in mortgage credit supply (e.g., Justiniano et al. (2017); Demyanyk and

Van Hemert (2011)).

The rise of the PLS mortgage market was part of the broader global pattern of the rise

of securitization and shadow banking during the late 1990s and 2000s (e.g., Gorton and

Metrick (2012); Gorton and Metrick (2013)). In fact, there is evidence that the rise of

asset-backed securitization during this time period was broader than the housing market. In

Appendix Figure 1, we show that originated amounts in non-mortgage-related asset-backed

securities increased from less than $300 billion to almost $800 billion from 2002 to 2006.

It is unlikely that specific views on the U.S. housing market can explain the rise in these

alternative markets. We do not take a stand on the precise source of the aggregate credit

supply shock driving the PLS market during this time-frame. Researchers have put forth a

number of explanations including a global savings glut, a rise in income inequality, or lower

uncertainty. We simply take it as given as an aggregate shock to the U.S. housing market.

The specific timing of when the PLS market accelerated is discussed in Justiniano et al.

(2017). They show that the Federal Reserve signaled higher interest rates in the summer of

2003, which led to a collapse in mortgage refinancing for conforming GSE-backed mortgages.

Justiniano et al. (2017) argue that mortgage originations for the PLS market accelerated

directly after this episode, and mortgage interest spreads over Treasuries fell sharply. As we

will show below, this is exactly the same time period we begin to see a relative expansion in
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mortgage credit by lenders that rely on non-core deposits in their liability structure.

3.2 Lender-level exposure to the PLS market

The second source of variation we use is lender-level exposure to the PLS market. Financial

institutions rely on a number of sources of financing when originating loans. Research sug-

gests that there is a critical distinction between institutions that rely on core deposits versus

non-core liabilities (e.g., Hanson et al. (2015)). In particular, financial institutions that rely

heavily on core deposits have a liability structure that is less prone to runs and cost shocks

due to monetary policy (e.g., Hanson et al. (2015); Drechsler et al. (2017)). In return, they

must hold costly equity capital and tend to invest in more illiquid assets. Further, the use

of core deposits is closely related to an institution’s ability to attract deposits from local

customers where branches are available (e.g., Becker (2007)).

The idea behind our cross-sectional approach is that the acceleration of the PLS market

from 2003 to 2006 represented a relative decline in the cost of funds for financial institutions

that traditionally relied on liabilities other than core deposits. As a result, financial institu-

tions that relied more heavily on non-core deposit financing in their liability structure as of

2002 experienced a relative increase in mortgage lending growth from 2002 to 2006 fueled by

the ability to place mortgages into the PLS market. We call these institutions “high NCL

lenders.”

There are two sub-groups that make up the group of high NCL lenders: traditional banks

with a high fraction of non-core deposits in their liability structure (“high NCL banks”) and

non-bank mortgage lenders (“non-banks”). For banks, we define the NCL ratio as of 2002

as one minus the ratio of core deposits to total liabilities, where core deposits are defined to

be FDIC-insured deposits. Non-bank mortgage lenders rely completely on non-core deposit

liability financing, and we therefore assume an NCL ratio of 1 for this group. In terms of

specific financial institutions, notable high NCL banks as of 2002 were Countrywide Bank

NA, JPMorgan Chase BK NA, and IndyMac BK FSB. Notable non-bank mortgage lenders
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as of 2002 were Ameriquest Mortgage Company, New Century Mortgage Corp, and American

Home Mortgage Company.

3.3 Growth in mortgage originations: lender-level specifications

High NCL banks as of 2002 were more likely sell mortgages into the PLS market from 2002

to 2005. Figure 2 limits the sample to traditional banks (i.e., non-bank mortgage lenders are

excluded) and plots the fraction of mortgages originated that are sold to a private institution.

The outcome variable comes from the HMDA, which requires lenders to report to whom an

originated loan is sold if it is sold within one year of origination. We follow Mian and Sufi

(2009) and group together five categories that are a rough measure of mortgages sold into

the PLS market.8

We split banks into two groups based on the NCL ratio as of 2002. The groups are

weighted by total mortgage originations as of 2002, and the mean fraction sold is also

weighted by total mortgage originations as of 2002. As Figure 2 shows, banks with a high

NCL ratio of 2002 see a rapid rise in the fraction of originated mortgages sold to a private

institution. The ratio increases from 20% in 2002 to almost 50% as of 2005. For banks with

a low NCL ratio as of 2002, there is almost no change in the fraction of mortgages sold to a

private institution.

Column 1 of Table 2 presents a lender-level regression of the change in the fraction of

originated mortgages sold to a private institution from 2002 to 2005 on the NCL ratio as

of 2002. The NCL ratio as of 2002 is divided by the sample standard deviation for ease of

interpretation. This regression is limited to traditional banks; non-bank mortgage lenders

are excluded. The coefficient estimate implies that a one standard deviation increase in the

2002 NCL ratio leads to a 15 percentage point increase in the share of mortgages sold to a

private institution from 2002 to 2005.

8These categories are mortgages sold (1) into private securitization, (2) to a commercial bank, savings
bank, or savings affiliation affiliate, (3) to a life insurance company, credit union, mortgage bank, or finance
company, (4) to an affiliate institution, or (5) to other type of purchaser.
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In columns 2 through 4, we present or main lender-level regression specifications relating

mortgage origination growth the 2002 NCL ratio. In column 2, we include non-bank mortgage

lenders. By definition, the NCL ratio of a non-bank mortgage lender is 1. As the coefficient

estimate in column 2 shows, a one standard deviation increase in the 2002 NCL ratio is

associated with a 18% higher mortgage origination growth from 2002 to 2005.

The regressions reported in columns 3 and 4 explore the importance of non-bank mortgage

lenders in explaining this correlation. Column 3 reports a regression specification in which

we include an indicator variable for a non-bank mortgage lender. On average, non-bank

mortgage lenders experienced an increase in mortgage lending that is 28% higher than banks

from 2002 to 2005. In column 4 we include both the indicator variable and the 2002 NCL

ratio. As it shows, the 2002 NCL ratio predicts loan growth even with the inclusion of a

non-bank mortgage lender indicator variable. Recall that the 2002 NCL ratio is 1 for all

non-bank mortgage lenders; therefore, the statistically insignificant and small coefficient on

the non-bank lender indicator implies that growth in mortgage originations for non-bank

mortgage lenders is not statistically different from the linear prediction based on the 2002

NCL ratio of 1. The results in column 5 and 6 show that there is no pre-trend: high NCL

lenders begin expanding mortgage originations concurrent with the acceleration of the PLS

market.

Figure 3 presents evidence on mortgage originations from 2000 to 2010 based on the

2002 NCL ratio. The top two panels represent the averages of high and low NCL lender

originations, where the two groups represent lenders above and below the median 2002 NCL

ratio. As before, both the averages and the groups are formed using 2002 total mortgage

originations as weights.

The top left panel uses total mortgage originations whereas the top right is limited to

mortgages for new home purchase. Both show a similar pattern. There is almost no difference

between the two groups through 2002. Starting in 2003 and accelerating rapidly in 2004 and

2005, high NCL lenders see a relative expansion in mortgage originations.
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In the bottom left panel, we present coefficient estimates {βk} from the following regres-

sion specification:

ln(yb,t) = αb + γt +
∑

k 6=2002

1t=kβkNCLb,2002 + εb,t (1)

The left hand side variable is the natural logarithm of total mortgage originations by lender b

in year t. The coefficient estimates {βk} provide the relative growth in mortgage originations

of high NCL lenders. As the coefficients show, there is no pre-trend and a sharp relative rise

for high NCL lenders starting in 2003 and accelerating during 2004 and 2005.

The evidence also suggests that there is a relative decline in mortgage lending by high

NCL lenders when the PLS market collapses in 2007. However, this decline is underestimated

because high NCL lenders are more likely to disappear from the sample after 2006. If a lender

disappears, then it is not included in the sample for that year in the bottom left panel. The

bottom right panel presents regression coefficients for a linear probability model that is

similar to equation 1 except the left hand side variable is the probability of the lender being

absent from the HMDA data in that year. As it shows, a one standard deviation increase

in the 2002 NCL share implies a 10% higher probability of disappearing from the sample in

2007.9

3.4 Geographic exposure and MSA/zip code fixed effects

The rise of the PLS market led high NCL lenders to increase mortgage originations signifi-

cantly more than low NCL lenders starting in 2003. The final step in our empirical strategy is

to exploit geographic variation across zip codes and MSAs in exposure to high NCL lenders.

For each geographic area in our sample, we calculate the 2002 NCL ratio as the average of

the NCL ratios of mortgage lenders in the area, where the average is weighted by the amount

9In Appendix Figure 2, we present results separately for refinancing originations. The results are similar:
there is no significant pre-trend, and high NCL share lenders see stronger relative growth in refinancing
originations starting in 2003.
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of mortgage originations in 2002.

It is important to emphasize from the outset that these are not random areas of the

country. Table 3 presents univariate regression coefficients for a set of observable variables

regressed on the NCL ratio of an area in 2002. The first column shows the MSA-level coef-

ficients, and the second column shows the zip code-level coefficients, where we include MSA

fixed effects. High NCL ratio lenders have a higher market share of mortgage originations in

MSAs with a lower deposit to mortgage origination ratio. We use this as a measure of the

degree to which the MSA is “deposit-poor,” and therefore must rely on funding from outside

the MSA.

These MSAs also tend to have less elastic housing supply with higher average house

prices. MSAs with high NCL exposure tend to be higher income, although the coefficient

is not statistically significant. However, within MSAs, high NCL lenders have the largest

market share in lower income zip codes. The sign also flips for home values. While MSAs

with a high NCL exposure have higher average house prices, the high NCL lenders appear

to focus within these MSAs on lower house price zip codes.

For the rest of the relationships, the across MSA and within MSA coefficients have the

same sign. Areas with high NCL exposure tend to have lower homeownership rates, lower

credit scores, and a younger population. The fact that high NCL lenders have large market

share in zip codes with a lower fraction of individuals over the age of 65 is consistent with

Becker (2007), who shows that seniors tend to save via deposits in local banks. Older zip

codes are therefore “deposit-rich,” and are less reliant on outside sources of funding.

All of these correlations make economic sense: deposit-poor areas are more likely to rely

on mortgages originated by lenders that rely on external funding. In this sense, we do not

want to control for these factors; they are the underlying source of variation in exposure to

high NCL lenders.

However, this raises a concern: are shocks in these areas other than the acceleration of

the PLS market responsible for the patterns we find? We examine this concern by focusing
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on lender-MSA and lender-zip code level data sets. This allows us to include MSA or zip

code fixed effects when estimating the effect of a high 2002 NCL share on origination growth

at the lender level. More specifically, Table 4 presents estimates from the following equation:

∆yb,g,0205 = αg + βNCLb,2002 + εb,g,0205

where the outcome variable is the growth in mortgage originations by lender b in geography

g from 2002 to 2005. The geographical unit is an MSA in columns 1 and 2 of Table 4 and a

zip code in columns 3 and 4.

Column 1 reports the MSA-lender level specification without fixed effects, which is similar

to the estimate reported in column 3 of Table 2. In column 2, we report the specification

with MSA fixed effects. The R2 increases from 0.04 to 0.16, which indicates the statistical

power of the MSA fixed effects in capturing variation in lender originations. However, the

point estimate on the 2002 NCL share drops only slightly.

Columns 3 and 4 conduct the same estimation at the zip code-lender level. The inclusion

of zip code fixed effects boosts the R2 by a factor of 12. The point estimate declines by 30%,

but it remains economically large and statistically significant at the 0.001 level. If anything,

this specification may “over-control” for the effect of the acceleration of the PLS market. If

there is any spillover onto other lenders lending in the same zip code from the acceleration

of the PLS market, the specification reported in column 4 will eliminate this effect. We view

the estimate in column 4 as a particularly convincing result that the expansion of lending by

high NCL lenders is not due to differential geographical exposure in their lending markets.

The relative expansion of mortgage lending by high NCL share lenders appears to be due to

the acceleration of the PLS market as opposed to local economic conditions.
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4 Effects on Mortgage Origination Growth

Areas of the country with greater exposure to high NCL share lenders as of 2002 witnessed

stronger mortgage origination growth and housing transaction volume from 2002 to 2005. In

all of our subsequent analysis, the main right hand side variable is the average NCL share of

mortgage lenders in the area as of 2002, where the average is weighted by the total amount of

mortgage originations by the lender in the area in 2002. We refer to this variable as the 2002

NCL share of the area, and we construct it at both the zip code and MSA level depending

on the outcome variable in question.

Figure 4 splits zip codes in the sample into high and low NCL share zip codes based on

the population-weighted median, and it plots home purchase mortgage originations indexed

to 2002. As it shows, there is no pre-trend from 2000 to 2002. From 2003 to 2005, high

NCL exposure zip codes see stronger growth in mortgage originations for home purchase.

From 2006 to 2010, mortgage originations in zip codes with high NCL exposure see a sharper

decline.

In Figure 5, we present coefficients from the following specification:

ln(yz,t) = αz + γt +
∑

k 6=2002

1t=kβkNCLz,2002 + εz,t (2)

The left hand side variable is the natural logarithm of the outcome measure in question in

zip code lender z in year t. The coefficients βk trace the relative growth of outcome y in zip

codes with a high NCL share as of 2002. As in all specifications, NCLz,2002 is normalized to

have a standard deviation of one to ease interpretation.

The top left panel shows the coefficients using total mortgage originations as an outcome

variable, and the top right panel uses only home purchase mortgage originations. Zip codes

with high NCL exposure as of 2002 witness strong relative growth in both measures of

mortgage originations from 2002 to 2006. Mortgage originations subsequently collapse after

2006, and by 2010 they are far below the 2002 level. Our interpretation of this pattern is
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that the PLS market created a more amplified mortgage origination cycle from 2002 to 2010.

In Appendix Figure 3, we use an MSA by month level data set of mortgage originations

from HMDA to examine more closely the timing of the increase in originations in high NCL

exposure MSAs. These data are available from the Federal Reserve, and they are limited to

the top 500 counties by mortgage originations in any year. As it shows, there is no pre-trend,

and the relative expansion begins precisely in September 2003. As mentioned above, this is

directly after the events of the summer of 2003 described in Justiniano et al. (2017). Long

term interest rates began to rise after the Federal Reserve signaled an end to the easing

cycle. The volume of refinancing originations of agency-backed mortgages declined and the

PLS market rapidly accelerated. Mortgage interest spreads experienced an abrupt and large

decline. The timing of the effect in Appendix Figure 3 supports the interpretation that the

relative expansion in mortgage originations in high NCL exposure MSAs was due to the

acceleration of the PLS market driven by supply-side factors.

The bottom two panels show that the relative rise in mortgage originations is boosting

volume. We see a relative rise in volume using either the number of home purchase origina-

tions or transaction volume in the zip code as reported by DataQuick. Our interpretation

of these results is that the rise of the PLS market led to a large boost in trading followed by

a subsequent collapse in more exposed zip codes.

The left panel of Figure 6 shows results from a similar specification which uses as an

outcome variable originations of mortgages that are refinancing existing mortgages. The

right panel uses as an outcome variable the share of mortgages that are being refinanced

with cash taken out (i.e., the principal balance of the mortgage increases with the home

owner liquefying home equity). For both measures, we see a sharp rise in refinancing in zip

codes with high NCL exposure from 2003 to 2006.

Tables 5 and 6 present regression coefficients from the following specification:

∆yz,m,BOOM = αm + βNCLz,m,2002 + εz,m
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The outcome variable ∆yz,m,BOOM is constructed as follows. First, we add outcome y for zip

code z in MSA m for years 2004 through 2006, and we then add outcome y for years 2000

through 2002. ∆yz,m,BOOM is defined to be the difference between the two. In other words,

∆yz,m,BOOM is the difference in the three year sum of the outcome from the boom period less

the pre-boom period, where we exclude 2003 as a transition year. This specification is meant

to capture the differential cumulative flow of mortgage originations and volume during the

boom period relative to the pre-boom period.

The coefficient estimates in Table 5 imply a positive and statistically significant effect of

the 2002 NCL share in a zip code on the subsequent increase in originations and volume.

In the even columns, we add MSA fixed effects. The coefficient estimates on the 2002

NCL share variable become larger with the addition of MSA fixed effects. The MSA fixed

effects are boosting the R2 by at least a factor of four across the specifications, and their

inclusion is actually boosting the estimated coefficient on the 2002 NCL share. This gives

us confidence that MSA-level omitted shocks are not responsible for the effect of the NCL

share on outcomes. In terms of magnitudes, the MSA fixed effects specification imply that

a one standard deviation increase in the 2002 NCL share leads to a 25% increase in home

purchase originations and an 8 to 15% increase in transactions depending on the measure

used. Table 6 presents estimates from a similar specification using the measures of mortgage

refinancing volume, and it shows similar results.

5 House Prices, Construction, and Boom MSAs

5.1 House prices

The acceleration of the PLS market at the end of 2003 led to a significant relative boost

in mortgage originations and volume in high NCL share zip codes. What was the effect

on house prices and construction activity? The left panel of Figure 7 presents estimates of

βk from the estimation of equation 2 with the logarithm of house prices as the left hand

18



side variable. As the estimates show, high NCL share zip codes experience positive relative

growth in house prices in 2003, which then accelerates rapidly in 2004, 2005, and 2006. The

estimates imply that a one standard deviation in the 2002 NCL share of a zip code leads to

an 8 percentage point increase in house prices from 2002 to 2006.

The PLS market collapsed in 2007, which corresponds to a collapse in house prices in

high NCL share zip codes. In fact, the collapse is severe enough that the log house price

level ends up lower in 2009 and 2010 than its 2002 level relative to low NCL share zip codes.

Recall that this is a relative coefficient estimate, and so the negative coefficient estimates in

2009 and 2010 imply that the log house price level difference in high NCL share zip codes

relative to low NCL share zip codes is lower in 2010 than it was 2002. We will return to this

point in the next subsection.

Table 7 presents regression estimates from the following equation:

∆HPz,m,2002,2006 = αm + βNCLz,m,2002 + γSAIZm + δNCLz,m,2002SAIZm + εz,m (3)

We include housing supply elasticity as a control variable in all specifications because of

the standard relationship we would expect between house price growth and a demand shock

caused by increased credit availability: for the same shock in demand, one would expect

house price growth to be stronger in MSAs with more inelastic housing supply (Glaeser et al.

(2008)). We follow the literature and use the Saiz (2010) measure of housing supply elasticity

at the MSA level. Columns 1 through 3 present estimates of the specification without MSA

fixed effects, and columns 4 and 5 present estimates without MSA fixed effects.

As the estimate in column 3 shows, the 2002 NCL share in a zip code predicts high

house price growth from 2002 to 2006. In terms of magnitudes, a one standard deviation

increase in the 2002 NCL share leads to 6% higher house price growth. Column 4 includes

the interaction between the 2002 NCL share and the measure of housing supply elasticity.

As expected, the coefficient is negative: the effect of 2002 NCL share on house price growth
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is weaker for zip codes located in more elastic housing supply MSAs.

The estimate on the 2002 NCL share variable in column 4 shows that the effect of the

2002 NCL share on house price growth is significantly stronger in the most inelastic housing

supply MSAs. A one standard deviation increase in the 2002 NCL share boosts house price

growth by 12% from 2002 to 2006 in the most inelastic housing supply MSAs. In MSAs

where it is difficult to expand the supply of housing, the demand shock induced by the

acceleration of the PLS market pushes house prices higher.

We conduct all of our regressions in this study in reduced form treating the 2002 NCL

share as the underlying source of variation. We do so to avoid taking a specific stand on the

structural relationship between the various outcomes. Of course, it is easy to calculate any

relevant elasticity if one makes an assumption on the structural relationship. For example, if

one assumes that the first stage is the growth in mortgage origination amounts on the 2002

NCL share instrument, and the second stage is the growth in house prices on the growth

in mortgage origination amounts, then the elasticity of prices with respect to origination

amounts is just the reduced form estimate divided by the first stage estimate. In this case,

it would be 0.06/0.15 = 0.4 (estimate in column 3 of Table 7 divided by estimate in column

1 of Table 5).

In columns 5 and 6, we include MSA fixed effects in order to examine only within-MSA

zip code level variation in house prices.10 The results are qualitatively similar: high 2002

NCL share zip codes see stronger growth in house prices relative to low 2002 NCL share zip

codes located within the same county. Further, this effect is weaker in more elastic housing

supply MSAs.

However, the absolute value of the coefficients drop between one-third to one-half in the

specifications with MSA fixed effects. This is likely due to both statistical and economic

reasons. The statistical reason can be seen with an examination of the increase in the R2

when MSA fixed effects are included. For example, comparing columns 2 and 5, the R2

10The ?? elasticity measure is defined only at the MSA level, and so the elasticity level drops out of the
MSA fixed effects specification.
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increases from 0.132 to 0.930. Such a large increase in the R2 suggests that CoreLogic is

smoothing its zip code level house price indices within MSAs.11 Such smoothing in the

outcome variable within MSAs would reduce the coefficient estimate on the 2002 NCL share

when including MSA fixed effects, even if in reality the coefficient estimate would be the same

in the absence of smoothing. The economic reason is the presence of spillovers. Zip codes

within an MSA are not isolated islands. Price effects will therefore be muted as potential

buyers search across neighboring zip codes. Such spillovers suggest that the use of within-

MSA variation may lead to an underestimate of the effect of the NCL share on house price

growth.

5.2 Construction

The right panel of Figure 7 examines construction activity as measured by new building

permits collected by the Census. Data on new building permits are available only at the

county level, and so we estimate equation 2 at the MSA level instead of the zip code level.

As the estimates show, there is a relative rise in construction activity in high NCL share

MSAs that starts in 2003 and accelerates in 2004 through 2006. In terms of magnitudes, a

one standard deviation increase in the 2002 NCL share of an MSA leads to an 8 percentage

point increase in units constructed from 2002 to 2006. As with house prices, construction

activity begins falling in 2007 and then collapses by 2009 and 2010. Relative to low NCL

share MSAs, construction activity falls below the 2002 level in high NCL share MSAs.

Table 8 presents estimates from a regression specification similar to equation 3 above

with two differences. First, the specifications are estimated at the MSA level instead of the

zip code level. Second, the left hand side variable is cumulative number of housing units

constructed in 2004, 2005, and 2006 scaled by the number of housing units in the MSA in

2002. The estimate reported in column 2 implies that a one standard deviation increase in

the 2002 NCL share of an MSA is associated with a 1.2 percentage point increase in the

11We are currently examining the documentation to explore this issue further.
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number of units constructed from 2004 to 2006 as a fraction of the 2000 housing stock. This

is almost one-half a standard deviation of the left hand side variable. As column 3 shows,

the coefficient estimate is almost identical when including housing supply elasticity of the

MSA as a control variable.

In column 4, we interact the 2002 NCL share with housing supply elasticity. The coef-

ficient estimate on the interaction is not statistically different than zero. This is a puzzle.

We would expect a stronger housing demand shock induced by the acceleration of the PLS

market to induce more construction in MSAs with elastic housing supply. The sign of the

coefficient is consistent with this prediction, but the statistical confidence and economic

magnitude are low. We believe this result is related to findings in Glaeser et al. (2008),

Davidoff (2013), and Nathanson and Zwick (2017) who find evidence of anomalous MSAs

that experienced both high house price growth and construction growth from 2002 to 2006.

We explore this issue in more detail in the next sub-section.

5.3 The anomalous boom MSAs

Motivated by Glaeser et al. (2008), Davidoff (2013), and Nathanson and Zwick (2017), we

define a boom MSA as one that is in the top population-weighted quartile of both the house

price growth and construction growth distribution during the housing boom.12 There are

a total of 30 MSAs in the boom category; Phoenix, Las Vegas, Orlando, and the central

valley and inland empire California MSAs of Merced, Modesto, San Bernadino, Stockton,

and Bakersfield are in this group. These MSAs experienced a simultaneous large increase in

construction and house price growth from 2002 to 2006.

Figure 8 shows the relationship of house price growth (left panel) and construction ac-

tivity (right panel) with housing supply elasticity, where boom MSAs are given a diamond

marker in the scatter plot. As the left panel shows, while some of the boom cities have

inelastic housing supply, others are closer to the middle of the housing supply elasticity

12More specifically, a boom MSA is in the top population-weighted quartile of both left hand side variables
in Tables 7 and 8.
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distribution (Nathanson and Zwick (2017)). All of the boom cities have higher house price

growth than their housing supply elasticity would predict. The right panel shows that con-

struction activity was not substantially higher in more elastic housing supply MSAs, a point

raised by Davidoff (2013) and Nathanson and Zwick (2017). The lack of a positive rela-

tionship between construction activity and housing supply elasticity is due in part to boom

MSAs, which had the largest increases in construction despite being in the middle of the

housing supply elasticity distribution.

Glaeser et al. (2008) build a model to understand the existence of MSAs with a simul-

taneous increase in house prices and construction. As they put it, “rational bubbles can

exist when the supply of housing is fixed, but not with elastic supply and a finite number

of potential home buyers.” They examine a model with an irrational temporary increase in

optimism about future prices, and they show that such a shock can help explain why prices

and construction may increase rapidly in MSAs with elastic housing supply. They also make

a prediction that the crash will be particularly severe in these MSAs, because there will be

overbuilding during the bubble.

Our contribution to this discussion is to show that MSAs with a high NCL share as of

2002 are the most likely to have both strong house price and construction growth during the

subsequent housing boom. That is, what happened in boom MSAs seems directly related to

the acceleration of the PLS market from 2003 to 2006.

The left panel of Figure 9 uses MSA-level data to plot the correlation between house price

growth from 2002 to 2006 and the 2002 NCL share as of 2002. There is a strong positive

correlation, consistent with the results in Table 7. In addition, we separately identify boom

MSAs using diamond markers in the scatter plot. As the left panel makes clear, boom MSAs

have on average a very high mean NCL share as of 2002. In fact, only one of the 30 boom

MSAs has an 2002 NCL share below the unweighted sample average. The right panel shows

the analogous plot for construction. As in Table 8, the correlation is positive. And as in the

left panel, the boom MSAs play an important role in driving this correlation.
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In Table 9, we estimate a linear probability model where we directly relate whether an

MSA becomes a boom MSA to the NCL share as of 2002.

Prob(Boomm = 1) = α + β0SAIZm + β1NCLm,2002 + β2NCLm,2002SAIZm + εm

where Boomm is equal to one if an MSA ends up in the top quartile of both the house price

growth and construction growth distribution. As column 2 shows, a one standard deviation

increase in the NCL share as of 2002 leads to a 10 percentage point increase in the probability

of becoming a boom MSA. This is a remarkably large effect given that the mean of the left

hand side variable is 11%. Controlling for housing supply elasticity has almost no effect on

this estimate.

These results suggest that the puzzle of boom MSAs is directly related to the presence

of high NCL lenders in these areas, and their resulting expansion in mortgage lending from

2002 to 2006. To the best of our knowledge, these results are the first in the literature to

connect what happened in these MSAs to the PLS market.

We also test an additional prediction from the Glaeser et al. (2008) model: the collapse in

house prices in boom MSAs may bring house prices even below their initial level before the

boom because of overbuilding. Columns 4 through 6 regress house price growth from 2002

to 2010 on the NCL share as of 2002 to test this prediction. The underlying assumption is

that the housing market was in a steady state equilibrium in 2002 before the acceleration of

the PLS market. If housing supply were completely inelastic, an unexpected demand shock

and reversal would lead to a boom and bust in house prices, but the long run level would

remain constant at the 2002 level.

As columns 5 and 6 show, house price growth from 2002 to 2010 was relatively lower in

MSAs with a high 2002 NCL share. The results are less precise, and are only statistically

distinct from zero at the 10% level of confidence. In relative terms, high 2002 NCL share

MSAs witnessed house prices fall during the bust below their 2002 level. These results
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suggest that the acceleration of the PLS market from 2002 to 2006 led to housing market

excesses in high NCL share MSAs that eventually caused house prices to fall even below

their pre-boom house price level.

6 Housing Market Optimism

Some research points to optimism about house prices as a potential source of the housing

cycle from 2000 to 2010. How is housing market optimism related to the acceleration of the

PLS market in 2003? This section explores this question.

6.1 Data and aggregate patterns

Large sample data sets on beliefs about the evolution of house prices and the housing market

prior to 2007 are unavailable.13 Here, we follow Piazzesi and Schneider (2009) and use the

Michigan Survey of Consumers to measure beliefs about the housing market. In particular,

the Michigan survey asks the following question to respondents: “Generally speaking, do you

think now is a good time or bad time to buy a house?” Almost 99% of survey respondents

answer this question by saying it is either a “good” or “bad” time. In addition to this

question, respondents are asked a follow up question: “Why do you say so?” In response to

this question, survey questioners record a number of different responses, which we classify

into sub-groups as follows.

If an individual responds that now is a good time to buy a house because “prices are

going up,” “prices are low/stable/not too high,” “prices won’t get any lower,” or “good buys

available,” we classify the response as being favorable because of house price considerations.

If an individual answers that now is a bad time to buy a house because “prices will fall later,

will come down” or “prices are too high, houses cost too much,” we classify the response

as being unfavorable because of house price considerations. Note that there are many other

13To the best of our knowledge, the only data set that records house price expectations prior to 2007 in
the United States is used in ? and covers only four metropolitan areas.
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responses to the second question; the most common response given is that now is a good

time to buy a home because “interest rates are low.” As a result, the fractions of respondents

saying now is a good time versus a bad time to buy because of house prices considerations

will not add up to one. Further, the total fraction mentioning prices as a consideration will

vary over time.

Figure 10 shows that evolution of answers to the Michigan questions from 2000 to 2010

for the full sample. During the PLS acceleration period of 2003 to 2006, the fraction of

individuals saying that now is a bad time to buy a house rises from 20% to almost 40%.

This result matches the finding in Piazzesi and Schneider (2009). Further, this increase is

driven in large part by individuals who are sour on the housing market because of high prices.

These findings match those of Piazzesi and Schneider (2009); they are inconsistent with the

view that general optimism about housing was responsible for the rise in house prices from

2003 to 2006.

However, consistent with Piazzesi and Schneider (2009), there is a cluster of individuals

who appear to become more optimistic about housing because of price considerations. Al-

though the total fraction of individuals saying it is a favorable time to buy a home falls, the

fraction saying it is a good time to buy because of price consideration increases. Piazzesi and

Schneider (2009) conclude based on this evidence that a small group of optimistic investors

can have a large effect on house prices.

6.2 MSA-level analysis

How do the aggregate patterns on housing market optimism relate to the acceleration of the

PLS market? We focus on cross-sectional variation across MSAs in the NCL share to explore

this question. To the best of our knowledge, this study is the first to examine cross-sectional

variation across MSAs in the answers to home buying questions in the Michigan Survey

of Consumers.14 In Figure 11, we report the coefficient estimates of βk when estimating

14The most disaggregated geographic identifiers available for the Michigan survey are at the county-level;
zip code level analysis is therefore not possible.

26



equations similar to equation 1 but using as a left hand side variable the average response

to the Michigan survey question at the MSA-by-year level. The goal of this exercise is to

see whether MSAs with a higher NCL share as of 2002 see any differences in home buying

attitudes during the sample period.

The left hand side variable in the top left panel is the fraction of individuals in the MSA

saying that now is a bad time to buy a home. There is no statistically significant pre-trend.

During the boom, individuals living in high 2002 NCL share MSAs on average increasingly

report that now is a bad time to buy a home. The top right panel shows that this effect

is driven largely by individuals saying it is a bad time to buy a home because of price

considerations. Among individuals living in high 2002 NCL share MSAs, we see no evidence

of a general rise in optimism concerning the housing market. In fact, we see the opposite.

Recall that these same MSAs are experiencing a rapid rise in mortgage originations, house

prices, and construction activity.

The bottom two panels test whether there is a smaller cluster of individuals living in

these MSAs that become more optimistic because of price considerations. There is some

suggesting evidence, but it is weak. The fraction of individuals saying it is a good time

to buy because of price considerations shows no pre-trend, and there does not appear to

be significant movement during the boom. If we examine the fraction mentioning prices

conditional on saying it is a good time to buy a home, we find some evidence in 2005 of a

rise in optimism.

Table 10 reports specifications on the evolution of optimism on the housing market in

high versus low NCL share MSAs both before and during the housing boom. The first

column shows that from 2000 to 2002, there is no statistically significant relative change

in the fraction of individuals in an MSA with a high NCL share saying that it is a good

time to buy a home because of price considerations. The second column shows there is no

relative change in the index of consumer expectations in these areas; the ICE is a common

measure from the Michigan survey used to measure expectations of economic conditions. We
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are unable to find evidence that a local optimism shock explains the rise of the mortgage

originatons, house prices, or construction in high NCL share MSAs.

Columns 3 through 6 present estimates of the following specification:

∆MichMeasurem,BOOM = αm + βNCLm,2002 + εz,m

where ∆MichMeasurem,BOOM is the MSA-level average of the survey responses to a given

Michigan question in MSA m in years 2004 through 2006 minus the average of the survey

responses to the same question in MSA m in years 2000 to 2003. The results in columns 3

through 6 show evidence consistent with Figure 11; high NCL share MSAs witness a rise in

the fraction of individuals saying that now is a bad time to buy a house, and this is driven

by individuals who say it is a bad time to buy a house because of price considerations. The

results show no statistically robust increase in the fraction of individuals citing optimism on

house prices in high NCL share MSAs.

These results are inconsistent with the view that a general rise in optimism on the housing

market in high NCL share MSAs instigated the housing boom in these cities. We believe the

more likely explanation is that the acceleration of the PLS market transferred purchasing

power to a smaller group of optimistic home buyers, some of whom may not reside in the

MSA. The evidence in Chinco and Mayer (2015) suggests this is an important channel. They

show evidence that house prices in boom MSAs were driven at least in part by investors from

outside the MSA. One potential explanation of our findings is that the acceleration of the

PLS market in high NCL share MSAs allowed out-of-town optimistic buyers to purchase

homes while in-town residents were increasingly selling or sitting out. We are exploring this

channel in ongoing work on this project.
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7 Delinquencies

As shown above, there was a collapse in the housing market in high NCL share zip codes from

2006 to 2010. Perhaps not surprisingly, there was also a large relative increase in mortgage

default rates. The top left and right panel of Figure 12 presents coefficient estimates of βk

when estimating an equation similar to equation 3 but with the household default rate on

debt as the left hand side variable.

During the boom, default rates in high NCL share zipcodes actually fall, consistent with a

housing boom allowing individuals to avoid default through refinancing (e.g., Mian and Sufi

(2011)). However, default rates then rise sharply from 2006 to 2009. In 2009, a one standard

deviation increase in the NCL share of a zip code as of 2002 predicts a three percentage point

increase in the default rate. The results are almost identical with and without MSA-by-year

fixed effects. In other words, regional patterns are not responsible for the effect of the PLS

market expansion on subsequent default rates.

In the bottom two panels of Figure 12, we show that the top population-weighted quartile

of zip codes by the 2002 NCL share accounted for a substantial fraction of total delinquencies

during the Great Recession. As the bottom right panel shows, the share of total delinquencies

accounted for by the top quartile of zip codes based on the NCL share increased from under

30% to over 40% from 2005 to 2008.

One way to benchmark this result is to calculate the share of total delinquencies coming

directly from the PLS market. One can obtain such an estimate using data from Foote et

al. (2016) and Standard and Poor’s. As of 2007, Foote et al. (2016) estimate that Alt-A and

subprime mortgage originations accounted for approximately 17% of the stock of outstanding

debt. Standard and Poor’s estimate that delinquency rates on non-agency mortgages was

approximately 40% for the 2006 vintage relative to 15% for agency mortgage debt. These

numbers imply that the PLS market accounted for 35% of all delinquencies. Of course, some

of the delinquencies on agency debt could have been the result of the acceleration of the PLS

market through indirect channels. For example, if the acceleration of the PLS market led to
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a rise and subsequent collapse in house prices, then even individuals with agency mortgages

may default. Our interpretation of these results is that the PLS market was an important

driver of mortgage defaults, but it is not the complete story.

8 Discussion

8.1 Relation to existing research

The findings presented here are related to a large body of research on the PLS market and

subprime mortgages in particular (e.g., Keys et al. (2010); Mayer et al. (2009); Keys et al.

(2012) Demyanyk and Van Hemert (2011); Purnanandam (2011); Dell’Ariccia et al. (2012);

Piskorski et al. (2015); Griffin and Maturana (2016b); Griffin and Maturana (2016a)). The

findings in this literature suggest that the subprime mortgage market was plagued with

incentive problems, fraud, and poor underwriting, and represented a “classic lending boom-

bust scenario” (Demyanyk and Van Hemert (2011)). As mentioned above, we focus more

broadly on the PLS market; subprime mortgages make up at most 40% of originations in

this market. To the best of our knowledge, this study is the first to isolate cross-sectional

variation in geographic exposure to the acceleration of the PLS market in 2003, and it is the

first to test how the rise of the PLS market affected house prices, construction activity, and

housing market optimism.

There is a related body of research focusing on anomalous elastic housing supply MSAs

with both a boom in construction and house prices (Glaeser et al. (2008); Davidoff (2013);

Chinco and Mayer (2015); and Nathanson and Zwick (2017)). Nathanson and Zwick (2017)

point to the importance of supply-side speculation and Chinco and Mayer (2015) point to

the importance of out-of-town investors. The findings presented here are compatible with

these channels, but they point to the acceleration of the PLS market as the key instigating

factor in explaining the anomalous MSAs such as Las Vegas and Phoenix.

This study is also related to the body of research exploring the role of speculation and
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investor purchases in the housing cycle of 2000 to 2010 (e.g., DeFusco et al. (2017); Chinco

and Mayer (2015); Bhutta (2015); Haughwout et al. (2011)). We know for example that

states that experienced the largest boom-bust cycle witnessed the largest increase in the

participation of investors (Haughwout et al. (2011)), investors played an important role

in explaining the rise in household debt levels (Bhutta (2015)), and short-term investors

amplified volume and price movements in many markets (DeFusco et al. (2017)). As we

explain below, we believe that the acceleration of the PLS market was a key instigating

factor in explaining the rise of speculation and investor purchases in the housing market, a

hypothesis which has not been explored in the existing literature.

There is a body of research exploring the rise of household debt across the income and

credit score distribution during the housing boom (Mian and Sufi (2009); Adelino et al.

(2016); Mian and Sufi (2017a); Mian and Sufi (2017b); Adelino et al. (2017); Foote et al.

(2016); Albanesi et al. (2017)). The focus of this research is on the rise in the level of

household debt, which is not an outcome explored in this study. There is no claim in this

study that the PLS market directly explains the aggregate rise in household debt, which was

driven by existing homeowners extracting equity during the housing boom (e.g., Mian and

Sufi (2011); Mian and Sufi (2015); Mian and Sufi (2017b)).

The analysis here does not focus on the average income or average credit score of zip

codes or MSAs; instead, we define as our instrument exposure to the PLS market, which is

positively correlated with income across MSAs, but negatively correlated within MSAs. Our

results are consistent with some of the correlations in the existing literature. For example,

we show that high PLS share zip codes see substantial growth in volume and the number of

home purchase mortgage originations from 2002 to 2005. Within MSAs, high PLS share zip

codes tend to have lower income levels, and so our results are consistent with the findings of

Adelino et al. (2016) and Foote et al. (2016) of higher mortgage origination “churn” rates in

low income neighborhoods.15

15To the best of our knowledge, the only other study that constructs an instrument for credit supply for
the 2002 to 2006 housing boom is Di Maggio and Kermani (2017). We have explored their instrument, and
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8.2 Future work

We exploit cross-sectional variation in geographical areas across the United States in exposure

to lenders that expand mortgage originations due to the acceleration of the PLS market.

High PLS share areas witness strong relative growth in mortgage originations, volume, house

prices, and construction. High PLS share MSAs are more likely to become “boom” MSAs:

elastic housing supply areas that experience a simultaneous rise in both construction and

house price growth. Perhaps most interestingly, individuals living in these MSAs on average

become more pessimistic on the housing market during the boom. This suggests that the PLS

market may have increased by house prices through a small cluster of optimistic individuals.

We are exploring this idea in ongoing work on this project. More specifically, we are col-

lecting data on the prominence of investor purchases based on (a) the number of individuals

taking on more than one first mortgage from TransUnion and (b) the fraction of purchases

by individuals not living in the same zip code as the house from DataQuick. Our plan is

to see whether investor purchases rise disproportionately in high NCL share zip codes, and

whether these purchases are more likely to be financed with a mortgage. If our prediction is

correct that investors are driving many of the origination and volume patterns documented

above, then it would support the argument that the PLS market spurred a volume and price

boom by shifting purchasing power to more optimistic agents living outside the zip codes in

question.

it appears to be orthogonal to the PLS share we use here.
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Figure 1: Acceleration of Private Label Securitization of Mortgages
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This figure plots the share of total mortgage originations that were private label securities (PLS), subprime PLS, and Alt-A PLS.
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Figure 2: Fraction of Mortgages Sold to Private Institutions by NCL of Originating Bank

.2

.3

.4

.5

P
ro

p
o

rt
io

n

2000 2002 2004 2006 2008 2010

High NCL Banks Low NCL Banks

This figure plots the shares of total mortgage originations that were sold to private institutions by banks above and below the median non-core
liabilities ratio (NCL) as of 2002. NCL is defined here as one minus the proportion of liabilities that are federally insured deposits for institutions
that are in the FFIEC Call Reports. Non-bank mortgage lenders are excluded.
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Figure 3: Relative Expansion of Originations by High NCL Ratio Lenders

40

60

80

100

120

140

In
d

e
x
: 

2
0

0
2

=
1

0
0

2000 2002 2004 2006 2008 2010

High NCL Ratio Low NCL Ratio

Total Originations

50

100

150

200

250

2000 2002 2004 2006 2008 2010

High NCL Ratio Low NCL Ratio

Home Purchase Originations

−.4

−.2

0

.2

.4

C
o

e
ff

ic
ie

n
t 

E
s
ti
m

a
te

2000 2002 2004 2006 2008 2010

Total Originations

−.05

0

.05

.1

.15

.2

C
o

e
ff

ic
ie

n
t 

E
s
ti
m

a
te

2002 2004 2006 2008 2010

Probability of Disappearing

The top left panel plots the growth rates of mortgage originations of lenders above and below the median non-core liabilities ratio (NCL) as of 2002.
The top right panel plots the growth rates of mortgage originations for home purchase of lenders above and below the median NCL as of 2002. The
bottom left panel plots the coefficients {βk} of the specification yb,t = αb + γt +

∑
k 6=2002 1t=kβkNCLb,2002 + εb,t for lender b at time t. yb,t is equal

to total mortgage originations by a lender b in year t. The bottom right panel plots the coefficient {ρt} of the repeated cross sectional regression
GONEb,t = α + ρtNCLb,2002 + εb where GONEb,t is equal to 1 if a lender in the sample in 2002 is no longer in the sample in year t for years
2003-2009. NCL is defined here as one minus the proportion of liabilities that are federally insured deposits for institutions that are in the FFIEC
Call Reports and one for institutions regulated by the Department of Housing and Urban Development (HUD). The regressions are weighted by the
share of loans originated in 2002 by lender b. 95% confidence intervals from robust standard errors are also plotted. Lender fixed effects included in
the panel regression.
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Figure 4: Home Purchase Mortgage Originations in Zip Codes, by NCL Share of Lenders

50

100

150

200

In
d

e
x
: 

2
0

0
2

=
1

0
0

2000 2002 2004 2006 2008 2010

High NCL Share Low NCL Share

The figure plots the growth rates of mortgage originations for home purchases for zip codes above and below the median non-core liabilities share
(NCL) as of 2002. NCL at the zipcode-level is defined as the weighted average of the NCL of lenders where the weights are the share of mortgages
originated in 2002 by a lender b in zip code z.
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Figure 5: Zip-code Level Originations by NCL Share: Panel Regressions
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The panels plot the coefficients {βk} of the specification yz,t = αz + γt +
∑

k 6=2002 1t=kβkNCLz,2002 + εz,t for zip code z in year t. yz,t in each panel
is total mortgage originations (top left), total mortgage originations for home purchase (top right), the number of mortgage originations for home
purchases (bottom left), and the volume of housing transactions (bottom right). NCL at the zip code-level is defined as the weighted average of NCL
at the lender-level where the weights are the share of loans originated in 2002 by a lender b in zipcode z. The regressions are weighted by the share of
total occupied housing units in zip code z in 2000. 95% confidence intervals from robust standard errors are also plotted. Zip code level fixed effects
included.
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Figure 6: Zip-code Level Refinancing by NCL Share: Panel Regressions
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The panels plot the coefficients {βk} of the specification yz,t = αz + γt +
∑

k 6=2002 1t=kβkNCLz,2002 + εz,t for zip code z in year t. yz,t in each panel is
mortgage originations for refinancing (left) and share of existing mortgages that are refinanced with cash taken out (right). NCL at the zip code-level
is defined as the weighted average of NCL at the lender-level where the weights are the share of loans originated in 2002 by a lender b in zipcode z.
The regressions are weighted by the share of total occupied housing units in zip code z in 2000. 95% confidence intervals from robust standard errors
are also plotted. Zip code level fixed effects included.
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Figure 7: House Prices and Construction by NCL share: Panel Regression
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The left panel plots the coefficients {βk} of the specification HPz,m,t = αz,m +γt +
∑

k 6=2002 1t=kβkNCLz,m,2002 +
∑

k 6=2002 1t=kβkSAIZm,2002 +εz,m,t

for zipcode z, MSA m, and year t. The right panel plots the coefficients {βk} of the specification UNITSm,t = αm+γt+
∑

k 6=2002 1t=kβkNCLm,2002+
εm,t for MSA m in year t. HPz,m,t is house prices of zipcode z and year t, SAIZm is the Saiz (2010) elasticity measure of MSA m, and UNITSm,t is
housing units of MSA m and year t. NCL at the zip code-level (MSA-level) is defined as the weighted average of NCL at the lender-level where the
weights are the share of loans originated in 2002 by a lender b in zipcode z (MSA m). The regressions are weighted by the share of total occupied
housing units in their respective geographies in 2000. 95% confidence intervals from robust standard errors are also plotted.
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Figure 8: The Housing Boom and Housing Supply Elasticity across MSAs
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Plotted is the MSA-level correlation of the Saiz (2010) elasticity measure with house price growth from 2002 to 2006 (left panel) and the sum of
housing units constructed from 2004 to 2006 scaled by the number of units in 2000 at the MSA level. Boom cities are defined to be those cities in the
largest quartiles of both the house price growth and construction growth distribution.
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Figure 9: The Housing Boom and the NCL Share across MSAs
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Plotted is the MSA-level correlation of the 2002 NCL share of the MSA with house price growth from 2002 to 2006 (left panel) and the sum of housing
units constructed from 2004 to 2006 scaled by the number of units in 2000 at the MSA level. Boom cities are defined to be those cities in the largest
quartiles of both the house price growth and construction growth distribution. The NCL share at the MSA-level is defined as the weighted average
of NCL at the lender-level where the weights are the share of loans originated in 2002 by a lender b in zipcode z (MSA m).
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Figure 10: Measures of Optimism on Housing Market from the Michigan Survey
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Plots the share of individuals that respond to the question ”Good or bad time to buy home” with the answers ”bad time to buy a home”, ”bad time
because prices will fall”, and ”good time because prices will rise”. See the text for more details.
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Figure 11: Measures of Housing Market Optimism and the 2002 NCL Share: MSA-level
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The panels plot the coefficients {βk} of the specification ym,t = αm + γt +
∑

k 6=2002 1t=kβkNCLm,2002 + εm,t for MSA m in year t. ym,t in each panel
is ”bad time to buy a home” (top left), ”bad time to buy a home because prices will fall” (top right), ”good time to buy a home because prices will
rise” (bottom left), and the share that answered ”good time to buy a home because prices will rise” conditional on first answering it is a ”good time
to buy a home” (bottom right). NCL at the MSA-level is defined as the weighted average of NCL at the lender-level where the weights are the share
of loans originated in 2002 by a lender b in MSA m. The regressions are weighted by the share of Michigan survey respondents in zipcode m in 2002.
95% confidence intervals from robust standard errors are also plotted. MSA level fixed effects included.
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Figure 12: Household Debt Defaults by NCL Share
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The top panels plot the coefficients {βk} of the specification DEFz,t = αz + γt +
∑

k 6=2002 1t=kβkNCLz,2002 + εz,t for zipcode z in year t. DEFz,t is
the default rate in zipcode z at year t. The top left panel is without MSA fixed effects and the top right panel is with MSA fixed effects. NCL at the
zip code-level is defined as the weighted average of NCL at the lender-level where the weights are the share of loans originated in 2002 by a lender b
in zipcode z. The regressions are weighted by the share of total occupied housing units in zip code z in 2000. 95% confidence intervals from robust
standard errors are also plotted. The bottom left panel plots total defaults in zip codes by NCLz,2002 population-weighted quartiles. The bottom
right panel plots the share of total defaults in zip codes in the highest NCL exposure quartile.
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Table 1: Summary Statistics

Panel A: Lender-Level Data

count mean p50 sd
2002 NCL Ratio 5026 0.74 0.68 0.20
2002 Non-Bank 5040 0.25 0.00 0.43
∆02,05 PLS Share 3950 0.15 0.08 0.26
∆00,02 PLS Share 4130 0.00 -0.02 0.21
∆98,00 PLS Share 3440 0.01 -0.02 0.21
∆02,05 ln (Loans Originated) 3950 -0.02 -0.09 0.73
∆00,02 ln (Loans Originated) 4130 1.22 1.20 0.64
∆98,00 ln (Loans Originated) 3440 -0.02 -0.22 1.16

Panel B: Zip-Code-Level Data

count mean p50 sd
2002 NCL Share 10865 0.78 0.78 0.04
∆BOOM ln (Loans Originated) 10862 0.44 0.37 0.43
∆BOOM ln (Loans Originated for Home Purchase) 10860 0.57 0.54 0.35
∆BOOM ln (Loans Originated for Refinancing) 10848 0.32 0.22 0.52
∆BOOM ln (Number of Loans Originated) 10862 0.15 0.11 0.32
∆BOOM ln (Number of Loans Originated for Home Purchase) 10860 0.29 0.26 0.28
∆BOOM ln (Number of Loans Originated for Refinancing) 10848 0.02 -0.04 0.39
∆02,05 Cash Refinancing Share 10846 -0.01 -0.01 0.08
∆BOOM ln (Volume of Housing Transactions) 4219 0.25 0.19 0.35
∆02,06 ln (House Prices) 5805 0.37 0.36 0.22

Panel C: MSA-Level Data

count mean p50 sd
2002 NCL Share 259 0.71 0.72 0.06
Housing Supply Elasticity 259 1.96 1.65 1.18∑

04−06 Housing Units per Occupants in 2000 259 0.03 0.02 0.03
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Table 2: High NCL Ratio Predicts Growth in Mortgage Originations

Change in Fraction of PLS, 2002-05 Originations Growth, 2002 to 2005 Originations Growth, Pre-Boom

(1) (2) (3) (4) (5) (6)
1998-2000 2000-2002

2002 NCL Ratio 0.151∗∗ 0.183∗∗∗ 0.203∗ -0.00641 -0.0828
(0.049) (0.047) (0.082) (0.046) (0.105)

Non-Bank 2002 0.284∗ -0.0665
(0.114) (0.189)

N 3287 3947 3950 3947 3447 3433
R-sq 0.210 0.061 0.027 0.062 0.000 0.007

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification ∆PLSb,2002,2005 = α + βNCLb,2002 + εb for lender b is in column 1. Regression results for the specification

∆HMDAb,p = α + β0NCLb,2002 + β1NBb,2002 + εb,p for lender b in period p ∈ {BOOM,PRE} are in columns 2-5. ∆PLSb,2002,2005 is the change

in the share of loan originations that were privately securitized by lender b from 2002 to 2005, ∆HMDAb,BOOM is the growth in loan orginations

by lender b from 2000-2002 to 2004-2006, and ∆HMDAb,PRE is the growth in loan orginations by lender b from 1998-1999 to 2001-2002 . NCL is

defined here as one minus the proportion of liabilities that are federally insured deposits for institutions that are in the FFIEC Call Reports and one

for institutions regulated by the Department of Housing and Urban Development (HUD). A non-bank mortgage lender is an institution regulated by

the HUD. Column 1 is restricted to commercial banks and thrifts. Standard errors are robust.
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Table 3: NCL Share Correlations with Observatble Variables

Covariates Across MSA Within MSA

2000 Deposits/Loan Originations -.091***
(.017)

Saiz Elasticity -.374***
(.073)

2000 Fraction Age 65+ -.007*** -.010***
(.002) (.000)

2000 Fraction Hispanic or Black .067*** .118***
(.010) (.003)

2000 Fraction Renters .019* .039***
(.007) (.002)

2000 Fraction Subprime .018*** .067***
(.003) (.001)

2000 Log Median Home Value .116*** -.068***
(.024) (.007)

2000 Log Median Household Income .021 -.100***
(.014) (.005)

Univariate regression coefficients of the non-core liabilities share (NCL) in 2002 to observable variables at the MSA-level (left column) and at the zip

code level (right column). The zip-code level regressions include MSA fixed effects, and so we these are within-MSA coefficients. The NCL ratio at

the geographical-level is defined as the weighted average of NCL at the lender-level where the weights are the share of loans originated in 2002 by

lender b in geography g.
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Table 4: High NCL Ratio Predicts Growth in Mortgage Originations: With Geography Fixed Effects

Bank-MSA Originations Bank-Zip-Code Originations

(1) (2) (3) (4)
2002 NCL Ratio 0.169∗∗∗ 0.141∗∗∗ 0.177∗∗∗ 0.123∗∗∗

(0.007) (0.006) (0.003) (0.002)
Geography FE N Y N Y
N 65107 65107 714358 714358
R-sq 0.041 0.161 0.032 0.363

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification ∆yb,m,BOOM = αm + βNCLb,2002 + εb,m,BOOM for lender b in MSA m are in columns 1-2. Regression results

for the specification ∆yb,z,BOOM = αz + βNCLb,2002 + εb,z,BOOM for lender b in zipcode z are in columns 3-4. ∆yb,m,BOOM (∆yb,z,BOOM ) is defined

here as total mortgage originations growth from 2000-2002 to 2004-2006 for lender b in MSA m (zipcode z). NCL is defined here as one minus

the proportion of liabilities that are federally insured deposits for lenders that are in the FFIEC Call Reports and one for lenders regulated by the

Department of Housing and Urban Development (HUD). Regressions are weighted by the share of loans originated in 2002 by lender b in MSA m

(zipcode z). Standard errors are clustered at the MSA (zipcode) level.
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Table 5: NCL Share and Mortgage Origination Growth: Zip Code Level

Originations Purchase Originations No. of Purchase Originations Volume

(1) (2) (3) (4) (5) (6) (7) (8)
2002 NCL Share 0.153∗∗∗ 0.246∗∗∗ 0.0889∗∗∗ 0.142∗∗∗ 0.0547∗∗∗ 0.154∗∗∗ 0.0637∗∗∗ 0.0848∗

(0.021) (0.023) (0.014) (0.018) (0.013) (0.018) (0.015) (0.039)
MSA FE N Y N Y N Y N Y
N 10862 10862 10860 10860 10860 10860 4219 4219
R-sq 0.129 0.621 0.063 0.438 0.038 0.353 0.031 0.261

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification ∆yz,m,BOOM = αm+βNCLz,m,2002+εz,m from zipcode z and MSA m. The outcomes are mortgage originations

growth, mortgage orgiinations for home purchase growth, number of originations for home purchase growth, and volume of housing transactions growth

from 2000-2002 to 2004-2006. The NCL at the zipcode-level is defined as the weighted average of NCL at the lender-level where the weights are the

share of loans originated in 2002 by a lender b in zipcode z. Regressions are weighted by the share of occupied houselds in zipcode z and year 2000.

Standard errors are clustered at the MSA-Level.
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Table 6: NCL Share and Refinancings: Zip Code Level

Refinancing Originations Cash Refinancing Share

(1) (2) (3) (4)
2002 NCL Share 0.204∗∗∗ 0.337∗∗∗ 0.0335∗∗∗ 0.0352∗∗∗

(0.027) (0.030) (0.005) (0.004)
MSA FE N Y N Y
N 10848 10848 10846 10846
R-sq 0.153 0.683 0.187 0.691

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification ∆yz,m,BOOM = αm+βNCLz,m,2002+εz,m from zipcode z and MSA m. The outcomes are mortgage originations

for refinancing growth from 2000-2002 to 2004-2006 and the change in cash refinancing shares from 2002 to 2005. The NCL at the zipcode-level is

defined as the weighted average of NCL at the lender-level where the weights are the share of loans originated in 2002 by a lender b in zipcode z.

Regressions are weighted by the share of occupied houselds in zipcode z and year 2000. Standard errors are clustered at the MSA-Level.
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Table 7: NCL Share and House Price Growth

House Price Growth, 2002 to 2006

(1) (2) (3) (4) (5) (6)
Housing Supply Elasticity -0.121∗∗∗ -0.110∗∗∗ 0.761∗∗ 0.000

(0.019) (0.014) (0.278) (.)

2002 NCL Share 0.079∗∗∗ 0.061∗∗∗ 0.121∗∗∗ 0.027∗∗ 0.068∗∗∗

(0.024) (0.018) (0.029) (0.008) (0.015)

2002 NCL Share X Housing Supply Elasticity -0.042∗∗ -0.027∗∗∗

(0.014) (0.006)
MSA FE N N N N Y Y
N 4834 4834 4834 4834 4834 4834
R-sq 0.298 0.132 0.374 0.405 0.930 0.933

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification ∆HPz,m,2002,2006 = α + βSAIZm + εz,m from zipcode z and MSA m is in column 1. Regression results for

the specification ∆HPz,m,2002,2006 = αm + βNCLz,m,2002 + εz,m from zipcode z and MSA m are in columns 2 and 4. Regression results for the

specification ∆HPz,m,2002,2006 = αm + βNCLz,m,2002 + β1SAIZm + β2NCLz,m,2002SAIZm + εz,m from zipcode z and MSA m are in columns 3 and

5. HPz,m,2002,2006 is house price growth from 2002 to 2006 in zipcode z and SAIZm is the Saiz (2010) elasticity measure of MSA m. The regressions

are weighted by the share of total occupied households in zipcode z in 2000. Standard errors are clustered at the MSA-Level.
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Table 8: NCL Share and Construction

Housing Units 2004-2006

(1) (2) (3) (4)
Housing Supply Elasticity -0.00136 0.00269 0.00302

(0.002) (0.002) (0.002)

2002 NCL Share 0.0117∗∗∗ 0.0128∗∗∗ 0.0111∗

(0.002) (0.002) (0.005)

2002 NCL Share X Housing Supply Elasticity 0.000810
(0.002)

N 259 259 259 259
R-sq 0.003 0.181 0.193 0.194

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification UNITSm,2004,2006 = α+ βSAIZm + εm from MSA m is in column 1. Regression results for the specification

UNITSm,2004,2006 = α+βNCLm,2002 +εm from MSA m is in column 2. Regression results for the specification UNITSm,2004,2006 = α+β0SAIZm +

β1NCLm,2002 + εm from MSA m is in column 3. Regression results for the specification UNITSm,2004,2006 = α + β0SAIZm + β1NCLm,2002 +

β2NCLm,2002SAIZm + εm from MSA m is in column 4. UNITSm,2004,2006 is the sum of housing units from 2004 to 2006 in MSA m and SAIZm is

the Saiz (2010) elasticity measure of MSA m. The regressions are weighted by the share of total occupied households in MSA m in 2000. Standard

errors are robust.
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Table 9: NCL Share and Boom MSAs

In Highest HP and Units Quartiles during Boom House Price Growth, 2002-2010

(1) (2) (3) (4) (5) (6)
Housing Supply Elasticity -0.0515∗∗ -0.0209 -0.0110 -0.0191

(0.018) (0.015) (0.010) (0.011)

2002 NCL Share 0.106∗∗∗ 0.0971∗∗∗ -0.0192 -0.0269
(0.029) (0.028) (0.013) (0.014)

N 259 259 259 253 253 253
R-sq 0.039 0.121 0.126 0.007 0.015 0.032

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification ym = α + βSAIZm + εm from MSA m are in columns 1 and 4. Regression results for the specification

ym = α + βNCLm,2002 + εm from MSA m are in columns 2 and 5. Regression results for the specification ym = α + β0SAIZm + β1NCLm,2002 +

β2NCLm,2002SAIZm + εm from MSA m are in columns 3 and 6. For columns 1-3, ym is an indicator equal to 1 when an MSA’s 2002-2006 housing

price growth and 2004-2006 sum of housing units are each in the highest quartile of their distirbutions and 0 otherwise; ym is housing price growth

from 2002 to 2010 in columns 4-6. SAIZm is the Saiz (2010) elasticity measure of MSA m. The regressions are weighted by the share of total occupied

households in MSA m in 2000. Standard errors are robust.
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Table 10: NCL Share and Housing Market Optimism: MSA Level

(1) (2) (3) (4) (5) (6)
∆00,02 Good: Prices ∆00,02 ICE ∆BOOM Bad ∆BOOM Bad: Prices ∆BOOM Good: Prices ∆BOOM ICE

2002 NCL Share 0.00126 0.00878 0.0239∗ 0.0222∗ 0.000565 0.0100
(0.007) (0.012) (0.010) (0.009) (0.005) (0.008)

N 237 237 244 244 244 244
R-sq 0.000 0.002 0.043 0.053 0.000 0.006

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification ym = α + βNCLm,2002 + εm from MSA m are in columns 1-6. The outcomes ym are the 2000-2002 change

in the share of respondents answering it is a good time to purchase a home because prices will rise; the 2000-2002 change in the Index of Consumer

Expectations (ICE); the 2004-2006 average share of respondents saying it is a bad time to purchase a home minus the 2000-2003 average share; the

2004-2006 average share of respondents saying it is a bad time to purchase a home because prices will fall minus the 2000-2003 average share; the

2004-2006 average share of respondents saying it is a good time to purchase a home because prices will rise minus the 2000-2003 average share; and

the 2004-2006 average ICE minus that of 2000-2003, respectively. The regressions are weighted by the share of survey participants in MSA m in 2002.

Standard errors are robust.
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Figure 1: Rise in Non-Mortgage ABS
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Plotted is the amount of asset-backed securities in billions of US dollars.
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Figure 2: Lender Level Results for Refinancing Originations
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The left panel plots the growth rates of mortgage originations for refinancing of lenders above and below the median non-core liabilities share (NCL).
The right panel plots the coefficients {βk} of the specification yb,t = αb + γt +

∑
k 6=2002 1t=kβkNCLb,2002 + εb,t for lender b at time t. yb,t is equal to

total mortgage originations for refinancing by a lender b in year t. NCL is defined here as one minus the proportion of liabilities that are federally
insured deposits for institutions that are in the FFIEC Call Reports and one for institutions regulated by the Department of Housing and Urban
Development (HUD). The regressions are weighted by the share of refinancing loans originated in 2002 by lender b. 95% confidence intervals from
robust standard errors are also plotted. Lender fixed effects included in panel regression.
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Figure 3: MSA Monthly Level Results for Mortgage Originations
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The left panel plots the growth rates of mortgage originations for MSAs above and below the median non-core liabilities share (NCL). The right
panel plots the coefficients {βk} of the specification ym,t = αm + γt +

∑
k 6=2002 1t=kβkNCLm,2002 + εm,t for MSA m at time t. ym,t is equal to total

mortgage originations by MSA m in year t. NCL at the MSA-level is defined as the weighted average of NCL at the lender-level where the weights
are the share of loans originated in 2002 by a lender b in MSA m. 95% confidence intervals from robust standard errors are also plotted. Lender fixed
effects included in panel regression.
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Table 1: NCL Share and Mortgage Origination Growth: Zip Code Level

Originations Purchase Originations No. of Purchase Originations Volume

(1) (2) (3) (4) (5) (6) (7) (8)
1998 NCL Share 0.157∗∗∗ 0.262∗∗∗ 0.0976∗∗∗ 0.166∗∗∗ 0.0778∗∗∗ 0.164∗∗∗ 0.0768∗∗∗ 0.0952∗

(0.021) (0.017) (0.015) (0.015) (0.011) (0.013) (0.013) (0.038)
MSA FE N Y N Y N Y N Y
N 10856 10856 10855 10855 10855 10855 4213 4213
R-sq 0.136 0.668 0.077 0.475 0.077 0.394 0.051 0.278

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification ∆yz,m,BOOM = αm+βNCLz,m,2002+εz,m from zipcode z and MSA m. The outcomes are mortgage originations
growth, mortgage orgiinations for home purchase growth, number of originations for home purchase growth, and volume of housing transactions growth
from 2000-2002 to 2004-2006. The NCL at the zipcode-level is defined as the weighted average of NCL at the bank-level where the weights are the
share of loans originated in 2002 by a bank b in zipcode z. Regressions are weighted by the share of occupied houselds in zipcode z and year 2000.
Standard errors are clustered at the MSA-Level.
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Table 2: NCL Share and Refinancings: Zip Code Level

Refinancing Originations Cash Refinancing Share

(1) (2) (3) (4)
1998 NCL Share 0.200∗∗∗ 0.343∗∗∗ 0.0330∗∗∗ 0.0338∗∗∗

(0.028) (0.021) (0.005) (0.005)
MSA FE N Y N Y
N 10843 10843 10840 10840
R-sq 0.147 0.726 0.181 0.702

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification ∆yz,m,BOOM = αm+βNCLz,m,2002+εz,m from zipcode z and MSA m. The outcomes are mortgage originations
for refinancing growth from 2000-2002 to 2004-2006 and the change in cash refinancing shares from 2002 to 2005. The NCL at the zipcode-level
is defined as the weighted average of NCL at the bank-level where the weights are the share of loans originated in 2002 by a bank b in zipcode z.
Regressions are weighted by the share of occupied houselds in zipcode z and year 2000. Standard errors are clustered at the MSA-Level.
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Table 3: NCL Share and House Price Growth

House Price Growth, 2002 to 2006

(1) (2) (3) (4) (5) (6)
Housing Supply Elasticity -0.121∗∗∗ -0.118∗∗∗ 0.563∗∗ 0.000

(0.019) (0.016) (0.201) (.)

1998 NCL Share 0.061∗∗ 0.054∗∗ 0.115∗∗∗ 0.027∗∗∗ 0.060∗∗∗

(0.022) (0.017) (0.030) (0.007) (0.013)

1998 NCL Share X Housing Supply Elasticity -0.042∗∗ -0.023∗∗∗

(0.013) (0.006)
MSA FE N N N N Y Y
N 4834 4828 4828 4828 4828 4828
R-sq 0.298 0.073 0.355 0.383 0.931 0.934

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification ∆HPz,m,2002,2006 = α + βSAIZm + εz,m from zipcode z and MSA m is in column 1. Regression results for
the specification ∆HPz,m,2002,2006 = αm + βNCLz,m,2002 + εz,m from zipcode z and MSA m are in columns 2 and 4. Regression results for the
specification ∆HPz,m,2002,2006 = αm + βNCLz,m,2002 + β1SAIZm + β2NCLz,m,2002SAIZm + εz,m from zipcode z and MSA m are in columns 3 and
5. HPz,m,2002,2006 is house price growth from 2002 to 2006 in zipcode z and SAIZm is the Saiz (2010) elasticity measure of MSA m. The regressions
are weighted by the share of total occupied households in zipcode z in 2000. Standard errors are clustered at the MSA-Level.
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Table 4: NCL Share and Construction

Housing Units 2004-2006

(1) (2) (3) (4)
Housing Supply Elasticity -0.00136 0.00196 0.00216

(0.002) (0.002) (0.002)

1998 NCL Share 0.0114∗∗∗ 0.0121∗∗∗ 0.00989∗

(0.002) (0.002) (0.004)

1998 NCL Share X Housing Supply Elasticity 0.00110
(0.002)

N 259 259 259 259
R-sq 0.003 0.172 0.179 0.181

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification UNITSm,2004,2006 = α+ βSAIZm + εm from MSA m is in column 1. Regression results for the specification
UNITSm,2004,2006 = α+βNCLm,2002 +εm from MSA m is in column 2. Regression results for the specification UNITSm,2004,2006 = α+β0SAIZm +
β1NCLm,2002 + εm from MSA m is in column 3. Regression results for the specification UNITSm,2004,2006 = α + β0SAIZm + β1NCLm,2002 +
β2NCLm,2002SAIZm + εm from MSA m is in column 4. UNITSm,2004,2006 is the sum of housing units from 2004 to 2006 in MSA m and SAIZm is
the Saiz (2010) elasticity measure of MSA m. The regressions are weighted by the share of total occupied households in MSA m in 2000. Standard
errors are robust.
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Table 5: NCL Share and Boom MSAs

In Highest HP and Units Quartiles during Boom House Price Growth, 2002-2010

(1) (2) (3) (4) (5) (6)
Housing Supply Elasticity -0.0515∗∗ -0.0259 -0.0110 -0.0158

(0.018) (0.015) (0.010) (0.011)

1998 NCL Share 0.103∗∗∗ 0.0934∗∗∗ -0.0132 -0.0187
(0.029) (0.027) (0.013) (0.014)

N 259 259 259 253 253 253
R-sq 0.039 0.114 0.123 0.007 0.007 0.020

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Regression results for the specification ym = α + βSAIZm + εm from MSA m are in columns 1 and 4. Regression results for the specification
ym = α + βNCLm,2002 + εm from MSA m are in columns 2 and 5. Regression results for the specification ym = α + β0SAIZm + β1NCLm,2002 +
β2NCLm,2002SAIZm + εm from MSA m are in columns 3 and 6. For columns 1-3, ym is an indicator equal to 1 when an MSA’s 2002-2006 housing
price growth and 2004-2006 sum of housing units are each in the highest quartile of their distirbutions and 0 otherwise; ym is housing price growth
from 2002 to 2010 in columns 4-6. SAIZm is the Saiz (2010) elasticity measure of MSA m. The regressions are weighted by the share of total occupied
households in MSA m in 2000. Standard errors are robust.
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