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ABSTRACT

This paper shows that declines in interest rates cause middle-priced neighborhoods to experience
large increases in house prices, while high- and low-priced neighborhoods experience no changes.
These effects are linked to a transmission channel that stems from the dependence of mortgage
payments to interest rates. I introduce a novel identification strategy that exploits incidental differ-
ences in the distribution of the metropolitan population to estimate a measure of latent demand for
small neighborhoods. A decline in mortgage interest rates of 1.2 percentage points from July 2000
to December 2001 leads to an average increase of 7% to 8.5% in house prices for middle-priced
neighborhoods. The absence of an effect in high-priced neighborhoods is likely associated with
the low marginal utility of housing consumption of high-income households; while the lack of an
effect in low-priced neighborhoods is likely linked to credit-constrained low-income households.
Lastly, a back of the envelope estimation suggests that 15% to 20% of the variation in house price
growth during the 2000s housing boom may have been caused by the reduction in interest rates
between July 2000 and December 2001.
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1. INTRODUCTION

The long period of low interest rates that followed the 2008 financial crisis originated an extensive
debate on who benefits from monetary policy interventions, particularly how interest rates af-
fect the distribution of income, consumption, and wealth (Doepke and Schneider (2006); Coibion,
Gorodnichenko, Kueng, and Silvia (2012); Di Maggio, Kermani, and Ramcharan (2014); Keys,
Piskorski, Seru, and Yao (2014); Auclert (2015); Sterk and Tenreyro (2015); Hurst, Keys, Seru, and
Vavra (2015); and Agarwal, Chomsisengphet, Mahoney, and Stroebel (2015)). Yet, the largest asset
that most U.S. households hold on their balance sheet is their home, and one significant effect still
remains largely unstudied: the effect of interest rates on the distribution of housing wealth through
the shift in housing demand; or to put it differently, what neighborhoods experience changes in
house prices after shocks in interest rates?

This paper aims to fill this gap in the literature by documenting the distributional effects of in-
terest rates on house prices at the neighborhood level.! This effect on housing wealth is important
for the real economy since homeowners are likely to fund consumption and investment by bor-
rowing against gains in home equity (Mian and Sufi (2011); Adelino, Schoar, and Severino (2015);
and DeFusco (2015)). These distributional effects also help us understand how interest rates might
help fuel a housing boom, such as the one we experienced in the early 2000s. Lastly, by exploiting
the interplay between small neighborhoods and city characteristics, the empirical identification in-
troduced in the paper aims to be a contribution as a novel methodology to draw causal inference
from macroeconomic shocks.

The economic channel through which interest rates affect house prices follows a standard neo-
classical model of investment in which the cost of capital is a key determinant of the demand for
capital. Thatis, in the housing market, a decline in mortgage interest rates might shift outwards the
demand schedule since households may be able to afford mortgage payments on homes that they
could not afford otherwise. If the supply of housing is not perfectly elastic, this shift in housing
demand might have significant effects on house prices.” Existing homeowners who live in neigh-
borhoods that are targeted by interest rate-sensitive buyers will then experience gains in housing

wealth. However, not all homebuyers are sensitive to changes in interest rates. Some homebuyers

Following zillow.com, I define a neighborhood as one of the terciles of the zip code in price. A neighborhood is
then the collection of non-contiguous houses in the zip code that have similar house prices. A neighborhood contains
on average 3,500 households.

*The mechanism through which changes in interest rates affect house prices growth involves three types of agents.
The first two are existing homeowners and renters who might be sensitive to changes in the cost of capital. These two
agents may become home buyers if interest rates decline sufficiently. An existing homeowner who does not become a
home buyer even after a decline in interest rates is the third type of agent. She might experience gains in housing wealth
if interest rate-sensitive buyers increase housing demand in the neighborhood where she lives.



face credit constraints (usually, low-income households), while others might have low marginal
utilities of housing consumption and high moving costs (usually, high-income households). Thus,
the average effect of interest rates on house prices might mask large distributional effects. Indeed,
I find that, after economy-wide changes in interest rates, homeowners who live in middle-priced
neighborhoods experience considerable gains in housing wealth, while homeowners who live in
low- and high-priced neighborhoods experience no gains in housing wealth.

It is, however, non-trivial to identify the effect of changes in interest rates on house prices; first,
mortgage interest rates are driven, among other factors, by the future expectations of inflation and
output. Second, interest rates tend to change simultaneously for the entire economy, making it
difficult to find credible contemporaneous counterfactuals. To overcome these issues, this paper
introduces a novel empirical design that exploits the interplay between small neighborhoods and
city characteristics to causally identify the effect of interest rates on house prices.

To identify treatment and control neighborhoods, the paper exploits presumable incidental
differences in the metropolitan population where the neighborhoods are located. Central to this
identification is the concept of neighborhood affordability threshold, defined as a minimum income
required to afford mortgage payments on an average house in a (small and homogenous) neigh-
borhood. A treatment neighborhood, which is atomic to the size of the metropolitan area,”® has a
large mass of the metropolitan population at the margin to afford mortgage payments in an aver-
age house in the neighborhood; while a control neighborhood, which shares several key observable
characteristics but is located in a different metropolitan area in the same state, has a small mass of
the metropolitan population at the margin of affordability. A macro change in interest rates can
then shift housing demand in treatment neighborhoods but barely in control neighborhoods.

The implementation of this empirical design in a regression framework requires two key vari-
ables. First, the fraction of households (in the whole metropolitan area) with incomes below
the neighborhood affordability threshold before the interest rate change, which is referred to as
mortgaged-out. Second, the fraction of marginal households (in the whole metropolitan area) who
overcome the neighborhood affordability barrier after the change in interest rates, which is referred
to as latent demand.* Both latent demand and mortgaged-out are neighborhood-level variables.

The identification relies on comparing latent demand between neighborhoods in different
metropolitan areas in the same U.S. state, holding constant the fraction of mortgaged-out house-
holds and the level of house prices in the neighborhood prior to the interest rate change. Other de-

*Neighborhoods in the sample have an average population of 7,090 people, while metropolitan areas have an average
population of 5,241,936 people.

Latent demand varies with the size of the interest rate change. Throughout the the paper the term latent demand
is associated with a specific interest rate change from July 2000 and December 2001. Below, I explain the choice of this
time period.



mographics at the neighborhood, zip code, and metropolitan level are also held constant; namely,
income level, income growth, past house price growth, unemployment, age, population size, race,
immigration, and education levels. The identification assumption is that, after controlling for the
fraction of mortgaged-out households and the level of house prices, the source of variation for
latent demand stems from small incidental differences in the distribution of the metropolitan pop-
ulation, which are plausibly exogenous to house price growth at the neighborhood level. Since
each neighborhood is mapped into the metropolitan distribution of income through the neighbor-
hood affordability threshold, when comparing two neighborhoods in two different metro areas,
the source of variation arises from the differences between metropolitan population around the
neighborhood affordability threshold. These differences are likely caused by metropolitan-level
frictions, such as frictions in labor markets, and not by unobservable neighborhood characteristics
that might drive house price growth.

This empirical design can theoretically be applied to any macro interest rate decline, as long as
the interest rate change is unrelated to the housing market. Between July 2000 and December 2001,
the Federal Reserve Board introduced an expansionary monetary policy intervention, primarily
motivated by the burst of the dot-com bubble and the geopolitical uncertainty brought about by the
9/11 terrorist attacks. During this 17-month period, the Fed funds rate dropped from 6.5% to 1.7%,
and the 30-year mortgage fixed rate dropped by 1.2%, from 8.3% to 7.1%. Employing the novel
empirical methodology of this paper, I use the mortgage interest rate change during this period to
examine the effect of interest rate changes on housing wealth. This interest rate intervention is also
ideal for this study because, coincidentally, the decennial census of 2000 provides a comprehensive
metropolitan level income distribution in 2000, the year of the monetary policy intervention.

The measure of latent demand purposed in the paper must be correlated with growth in mort-
gage applications and originations for home purchase. Neighborhoods that have higher latent
demand should experience a higher growth in mortgage applications and originations. Indeed,
a decline of 1.2 percentage points in the 30-year mortgage rates between July 2000 and December
2001 is associated with an increase of almost 10% in mortgage applications for home purchase.
Next, I turn to the effect on prices. The estimated effect of interest rates on average home prices
is also economically large. The contemporaneous average effect of the change in mortgage inter-
est rates from July 2000 to December 2001 on home price growth is approximately 2.7%. On the
one hand, the effect on the sub-sample of neighborhoods located in metropolitan areas with high
housing supply elasticity’ is statistically zero. The economic effect is 25% the size of the average
effect. In these cities, new residential construction compensates for the demand shock due to the

abundance of space, preventing home prices from adjusting upward. On the other hand, in neigh-

5 Housing supply elasticity is from Saiz (2010)



borhoods located in metro areas with low housing supply elasticity the effect of interest rates on
home price growth is economically large and statistically significant.

Since current homeowners and renters can potentially have different sensitivities to changes in
interest rates, I estimate separately the effects of renters” and homeowners’ latent demand on house
price growth. The results show that average effects are mostly driven by renters’ latent demand.
The coefficient on homeowners’ latent demand has the right direction but it is economically and
statistically insignificant. This difference is plausibly related to the large transaction costs faced
by existing homeowners. In the U.S,, sellers bear the Realtors” fees, which are usually between
5% and 6% of the home value. Additionally, homeowners are usually more established relative
to renters making their moving costs relatively larger. These transactions costs may deter existing
homeowners from adjusting housing consumption as interest rates decline.

After establishing that changes in interest rates shift the schedule of housing demand and affect
house prices, the paper turns to the distributional effects to shed light on what neighborhoods gain
from changes in interest rates. I separate neighborhoods by quartiles of houses prices by metropoli-
tan area, and then estimate the effect of interest rates on house prices for each quartile. Because
income levels might vary significantly between metropolitan areas, it is advantageous to separate
neighborhoods within metropolitan areas. The results vary substantially across neighborhoods.
Homeowners who live in middle-priced neighborhoods (second and third quartile) experience
large gains in housing wealth after a decline in mortgage interest rates. In contrast, homeowners
in low- and high-priced neighborhoods (first and fourth quartiles) experience no gains in housing
wealth. A decline of 1.2 percentage points in mortgage interest rates leads to an average increase
of between 7% and 8.5% in housing wealth for the second and third quartiles of house prices; in
monetary terms, this is an average increase of $11,000-$12,000 in housing wealth.

Given that households have high marginal propensities of consumption out of their housing
wealth (Mian and Sufi (2011), DeFusco (2015)), these results suggest that the housing market might
represent a relevant transmission mechanism of interest rates to the real economy. Di Maggio, Ker-
mani, and Ramcharan (2014) and Keys, Piskorski, Seru, and Yao (2014) have documented evidence
that supports this claim by showing that households increase their consumption and reduce de-
fault rates after declines in mortgage payments resulting from mortgage rate adjustments in their
loans.

®The house price quartiles are computed within a metropolitan area. For the whole sample of U.S. neighborhoods, the
average house price in July 2000 was $92,484 in the lowest quartile, $131,363 in the second quartile, $174,211 in the third
quartile, and $272,880 in the highest quartile. There is, however, a fair amount of heterogeneity across metropolitan
areas. For example, in San Francisco, CA, the average house price in July 2000 was $228,509 in the lowest quartile,
$351,787 in the second quartile, $446,961 in the third quartile, and $712,923 in the highest quartile; while in Cleveland,
OH, the average house price in July 2000 was $71,807 in the lowest quartile, $104,786 in the second quartile, $134,726 in
the third quartile, and $207,770 in the highest quartile.



The distributional results documented here are potentially useful to help us understand the mi-
cro foundations behind the house price contagion during the 2000s housing boom, recently docu-
mented in the urban economics literature (Glaeser, Gottlieb, and Tobio (2012); DeFusco, Ding, and
Ferreira (2015); Landvoigt, Piazzesi, and Schneider (2015); and Kleiner (2015)). My results suggest
a possible connection between the increase in house prices in middle-income neighborhoods and
the subsequent house price growth in low-income neighborhoods, perhaps through a gentrifica-
tion mechanism (Guerrieri, Hartley, and Hurst (2013)).

Finally, back of the envelope calculations suggest that the decline in interest rates from July 2000
and December 2001 might be responsible for 15% to 20% of the growth in house prices between
January 2002 and January 2005. This estimation needs to be taken with caution since other channels
that have been documented as important during the housing boom might have amplified the effect
of interest rates, most notably the expansion of the credit supply and the shift in expectations of
house price growth. Nonetheless, this paper sheds light on how interest rates might have been
important fueling the housing boom.

Among several robustness checks, the paper conducts a placebo test between December 1999
and July 2000—the seven months that preceded the period of analysis in this paper. The placebo
tests show that, in the seven months that prior to July 2000, a potential decline in interest rates of
1.2% (similar to the decline between July 2000 and December 2001) had no effect on house prices.
This is an important test to alleviate endogeneity concerns associated with omitted factors that
might be driving the results of the paper. For example, if one believes that neighborhood charac-
teristics, such as unobservable income growth, were confounding factors between July 2000 and
December 2001, they should also be confounding in the seven months prior to the interest rate
intervention. The placebo tests show that this is not true, reassuring the causal claim of the pa-
per. However, this placebo test only excludes confounding unobservables that remained constant
between December 1999 and December 2001.

The remainder of this paper is organized as follows: the rest of this section reviews related
literature; the following section describes the economic mechanism, explains in detail the empirical
design, and reviews the monetary policy intervention in the 2000s; section 3 outlines the regression
methodology; section 4 presents the micro data and the construction of the dataset used in the
analysis; section 5 reports the results and robustness tests; and section 6 concludes the paper.

1.1. RELATED LITERATURE

This paper relates closely to three strands of literature. First, it relates to recent literature that
investigates the impact of monetary policy shocks on wealth, income, and consumption inequal-



ity (Doepke and Schneider (2006); Coibion, Gorodnichenko, Kueng, and Silvia (2012); Di Maggio,
Kermani, and Ramcharan (2014); Keys, Piskorski, Seru, and Yao (2014); Auclert (2015); Sterk and
Tenreyro (2015); Hurst, Keys, Seru, and Vavra (2015) and Agarwal, Chomsisengphet, Mahoney,
and Stroebel (2015)). Coibion, Gorodnichenko, Kueng, and Silvia (2012) use the Consumer Expen-
diture Survey and find that expansionary monetary policy shocks lower income and consump-
tion inequality.” Auclert (2015) shows that lower-income agents, who maintain higher margins
of propensities of consumption, may increase aggregate demand following falls in interest rates.
Using the Survey of Consumer Finances, Doepke and Schneider (2006) estimate the wealth redis-
tribution caused by a moderate inflation episode through changes in the value of nominal assets.
They show that the main losers from inflation are rich and old households, and that the main win-
ners are young middle-class households with fixed-rate mortgage debt. Hurst, Keys, Seru, and
Vavra (2015) underline that the lack of regional variation in GSE mortgage rates leads to a regional
redistribution of resources.

Others have studied how monetary policy shocks affect households” saving and consumption
behavior. By assuming that the government is a big net debtor in the economy, Sterk and Ten-
reyro (2015) demonstrate that a temporary expansion in monetary policy induces households to
save more, which in turn leads to a substitution towards durable goods, generating a boom in the
durable sector. Bhutta and Keys (2014) show that policy-driven short-term mortgage rates signifi-
cantly impact home equity-based borrowing because homeowners take advantage of low interest
rates to refinance their mortgages. Di Maggio, Kermani, and Ramcharan (2014) investigate how
indebted households’ consumption and saving decisions are affected by anticipated changes in
monthly interest payments. Keys, Piskorski, Seru, and Yao (2014) claim that borrowers with lower
housing wealth are more sensitive to mortgage payment reduction relative to wealthier households
and, as a result, respond more to new financing of durable consumption. Agarwal, Chomsiseng-
phet, Mahoney, and Stroebel (2015) find that consumers’ short-term marginal propensity to borrow
is declining in creditworthiness, and they claim that banks” marginal propensity to lend is lowest
for consumers with the highest-margin propensity to borrow. To the best of my knowledge, this
paper is the first to empirically establish the role of interest rates on the distribution of housing
wealth through the shift in housing demand. Adding to the previously established transmission
channels, the one documented in the paper highlights the affordability of mortgage payments as
a relevant transmission channel. The results of this paper are consistent with those of Doepke
and Schneider (2006), Auclert (2015), and Di Maggio, Kermani, and Ramcharan (2014), since here

middle-income homeowners are the major winners of an expansionary monetary policy.

’Coibion, Gorodnichenko, Kueng, and Silvia (2012) consider five channels through which monetary policy may affect
income and consumption inequality.



Second, this paper establishes an empirical causal effect of interest rates on home prices and
housing demand, a link to which macroeconomists and policy-makers have given considerable
attention (Christiano, Eichenbaum, and Evans (1996); Glaeser, Gottlieb, and Gyourko (2010); Del
Negro and Otrok (2007)). After the housing boom and subsequent financial crisis of the 2000s,
interest in how monetary policy affects home prices has heightened. Iacoviello and Neri (2010)
develop and estimate a DSGE model to show that monetary factors explain less than 20% of the
volatility of housing investment and housing prices but played a more significant role in the hous-
ing cycle at the turn of the century. DeFusco and Paciorek (2014) estimate the interest rate elasticity
of mortgage demand, and find that a 1% point increase in the rate on a 30-year fixed-rate mortgage
reduces first mortgage demand by between 2% and 3%. This paper complements the existing lit-
erature by providing additional evidence that changes in interest rates affect housing demand and
home prices, but it is the first to do so using a micro geographical cross-sectional and a quasi-
experimental setting that allows for a focus on a single monetary policy intervention.

Finally, this paper contributes to the literature that studies the causes of the early 2000s housing
boom. The seminal works of Mian and Sufi (2009) and Keys, Mukherjee, Seru, and Vig (2010) show
that in the beginning of the 2000s, the U.S. economy experienced an outward shift in the supply of
credit. Mian and Sufi (2009) document that less-creditworthy borrowers experienced easier access
to mortgage credit between 2002 and 2005 despite their negative income growth. Keys, Mukherjee,
Seru, and Vig (2010) suggest that existing securitization practices adversely affected the screening
incentives of subprime lenders. Adelino, Schoar, and Severino (2012) use exogenous changes in the
conforming loan limit as an instrument for lower cost of financing and higher supply to show that
easier access to credit significantly increases home prices. Agarwal and Ben-David (2014) show
that changing loan officers” compensation structure from fixed to volume-based pay leads to more
and larger loan originations despite resulting increases in default rates. Nadauld and Sherlund
(2013) show that investment banks’ increased securitization activity lowered lenders” incentives to
carefully screen borrowers. This paper shows that the low-interest rate environment explains part
of the home price growth in middle-priced neighborhoods between July 2000 and December 2001,
the very beginning of the housing boom. Using a back of the envelope estimation, the paper also
shows that the decline in interest rates between July 2000 and December 2001 might be responsible
for 15% to 20% of the variation in house price growth between 2002 and 2005. Overall, the paper
helps us understand better understand how interest rates affect the behavior of house prices.



2. EMPIRICAL DESIGN

2.1. MECHANISM
2.1.1. AVERAGE ErreCTS

Standard neoclassical models of investment assume that the cost of capital is a key determinant
of the demand for capital. When interest rates decline, the user cost of capital declines, and the
demand for capital assets increases. In the housing market, the change in mortgage rates might
shift the demand schedule, since homebuyers who are more sensitive to changes in the cost of
capital may be able to afford mortgage payments after a decline in mortgage interest rates. This
shift in the demand schedule might affect home prices if the supply of housing is not perfectly
elastic. Consequently, existing homeowners might experience increases in housing wealth that are
indirectly subsidized by buyers who can afford better homes due to the decline in their user cost
of capital.

The mechanism through which changes in interest rates affect house prices growth entails three
types of economic agents. The first two are existing homeowners and renters who might be sen-
sitive to changes in interest rates. These two agents may demand more housing after declines in
interest rates. An existing homeowner who does not become a homebuyer even after a decline in
interest rates is the third type of agent. She might experience gains in housing wealth if interest
rate-sensitive buyers increase housing demand in the neighborhood where she lives.

The economic mechanism that underlines this hypothesis is best described if one assumes that
households maximize their preferences and choose to allocate cy of their disposable income to
housing consumption. Given their cost of capital, they can then maximize the home value that
they can purchase. Assume that  represents the mortgage interest rate, D represents the down
payment, T" represents the maturity of the mortgage loan, and HV (1) represents the home value.
HV (r) is then equal to:

CH 1
H = 1— — D.
= ( § +r>T) "
If mortgage interest rates were to fall from 74 fore t0 74 fer, households could purchase more expen-
sive homes up to a value equal to HV (74 f¢e, ). Homeowners with home values between HV (7 fore )
and HV (74f1er) could then experience gains in housing wealth if the supply of these houses is rel-

atively inelastic.



2.1.2. DisTRIBUTIONAL EFFECTS

The mechanism described above justifies a channel through which changes in interest rates might
lead to average effects on house price growth. However, it is nontrivial to consider why a decline
in interest rates should have heterogenous effects on house price growth. Distributional effects can
stem from the heterogeneity of marginal utility of housing consumption and a financial friction
often imposed to low-income households.

Low-income households are likely to be credit-constrained (Hall and Mishkin (1982); Zeldes
(1989); Jappelli (1990); Johnson, Parker, and Souleles (2006)) and thus less likely to be sensitive to
changes in interest rates, despite their high marginal utility of housing consumption. Since low-
income households are likely to shift housing demand in low-priced neighborhoods, it is likely
that a decline in interest rates might not cause house prices to change in these neighborhoods.

High-income households are likely to be homeowners and have low marginal utility of hous-
ing consumption. For this reason, their moving costs are large, and in addition they bear most of
the Realtors’ fees, which in the U.S. vary between of 5%- 6%. It is then likely that for high-income
households transaction costs outweigh the benefits of adjusting housing consumption as interest
rates fall, diminishing the potential effects of interest rates on house prices in high-priced neighbor-
hoods. High-income households are, however, more likely to refinance their mortgages as interest
rates fall (Bhutta and Keys (2014)), allowing them to benefit from declines in interest rates, albeit

not through the shift in housing demand.

2.2. EwmpriricaL DEsigNn

Interest rates incorporate a significant amount of future expectations about the economy, mostly
because the Federal Reserve invests a substantial amount of resources in forecasting the likely be-
havior of output and prices. Subsequently, movements in mortgage interest rates are likely to be a
response to future outcomes of the economy.’

Furthermore, most interest rate shocks affect the whole economy, making it difficult to find
contemporaneous counterfactuals. As a result, it is challenging to identify the effect of changes in
interest rates on house prices. When studying distributional effects on housing wealth, the charac-

8Romer and Romer (2004) address the time-varying endogeneity problem by developing a time series measure of U.S.
monetary policy shocks from 1969 to 1996 that is relatively free of anticipatory movements. Their methodology could
have been used in this paper; however, it is not feasible because in order to measure changes in house prices, the units
of observation must be small geographical areas. These areas may have substantially changed between 1969 and 1996.
These changes would not be problematic if suitable data at the micro level existed during these years. However, that is
not the case: for instance, house price data is only available at a granular level starting in the mid-1990s. Therefore, the
ideal experiment to study distributional effects exploits one policy intervention, possibly unanticipated, across a rich
cross section of micro geographical units.



teristics of the homeowners and the neighborhoods might change over time, presenting an addi-
tional challenge. Thus, the ideal experiment to study distributional effects of interest rate changes
on housing wealth exploits the effect of one interest rate shock on a rich cross section of small
geographic units in which the units of observation are subject to different intensities of interest
rate shock due to relatively random reasons.” This is the spirit of the identification strategy of this
paper.

The unit of observation in this paper is a neighborhood, defined as one third of a zip code in size.
The empirical design uses a macro interest rate shock to identify latent demand for each neighbor-
hood based on an incidental distribution of the metropolitan population around a pre-determined
neighborhood affordability threshold. The affordability thresholds represent a key concept of the em-
pirical design. A neighborhood affordability threshold is defined as the income level below which
households (in the metropolitan area) cannot afford to make mortgage payments on the average
house in the neighborhood at the current interest rate and house price level. The affordability as-
sumption is that the annual mortgage payments must be lower than 40% of the annual household
income. This affordability assumption follows a rule of thumb in the lending industry and the
revealed preference that is observed in the data. Section 2.3.1 presents detailed reasoning on the
validity of this assumption.

When interest rates decline, the neighborhood affordability threshold shifts to the left, and
households immediately to the left of the old affordability threshold are able to afford to make
mortgage payments in that neighborhood. The fraction of households in the metropolitan area
that can afford to make mortgage payments only after the decline in interest rates is the measure of
latent demand for each neighborhood. The fraction of the metropolitan households whose income
lies below the neighborhood affordability threshold prior to the interest rate change is referred
throughout the paper as mortgaged-out.

The empirical design uses real income distributions, thus it is best described through an exam-
ple. Consider the metropolitan areas of Cleveland, OH, and Cincinnati, OH. Figure 1 presents the
income distributions for these two metropolitan areas. Except for minor differences, the two distri-
butions are remarkably similar. The empirical design exploits these minor differences to causally
estimate the effect of changes in interest rates on house prices. Consider Neighborhood A in Cleve-
land and Neighborhood B in Cincinnati, which have the same house price level and the same frac-

°Other fields, particularly labor economics, have successfully found ways of exploiting geographical variation to
causally identify the impact of macroeconomic shocks on labor outcomes. Most notably, Card (1992) studies the effect
of changes in the federal minimum wage on the labor supply of teenagers, and Bartik (1991) proposes an instrument
for local labor demand based on national labor demand. The empirical design proposed in this paper is close to that
of Card (1992) and Bartik (1991) in spirit, but the methodology used to create the cross-sectional variation is novel and
varies greatly from theirs.
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Ficure 1: CLevELanD, OH, VErsus CiNncINNATI, OH—EXxAMPLE 1

The figure below presents the distribution of income for all households of Cleveland, OH, and Cincinnati, OH metropolitan areas. The
income information is from the 2000 decennial census and downloaded from IPUMS.org. Data was obtained at the household level
and aggregated into bins of $5,000. The y-axis reports the fraction (in decimals) of households that fall in each income bin, while the
x-axis reports the total household income in thousands of dollars.
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equal, as are the affordability thresholds. However, the fraction of the population in Cleveland
that is immediately to the left of the affordability threshold in Neighborhood A is larger than the
counterpart fraction of the population in Cincinnati; that is, latent demand for Neighborhood A
is larger than latent demand for Neighborhood B.!” When interest rates fall by a sufficiently small
amount, Neighborhood A in Cleveland will experience a larger demand shock than Neighborhood
B in Cincinnati, despite the similarities between the two neighborhoods. If the housing supply is
not perfectly elastic, Neighborhood A in Cleveland will experience a larger increase in house prices.

From this example, one might think that latent demand is always larger for neighborhoods
in Cleveland than for neighborhoods in Cincinnati. This could pose a critical threat to the exclu-

sion restriction, as systematic differences between metropolitan areas confound the identification

"The differences in latent demand between neighborhoods might seem small; however, as a fraction of the neigh-
borhood population they are large. In this example, the difference between latent demand is 0.2% of the metropolitan
population. The metropolitan areas of Cleveland and Cincinnati have an average population of 2 million people. The
difference in latent demand might then account for an extra 4,000 people, and can potentially represent a large demand
shock since the average neighborhood has approximately 7,000 people.

11



strategy. However, Figure 2 shows that this is not possible.

Ficure 2: CLEveELAND, OH, VErsus CincinNaTI, OH—EXAMPLE 2

The figure below presents the distribution of income for all households of Cleveland, OH, and Cincinnati, OH metropolitan areas. The
income information is from the 2000 decennial census and downloaded from IPUMS.org. Data was obtained at the household level
and aggregated into bins of $5,000. The y-axis reports the fraction (in decimals) of households that fall in each income bin, while the
x-axis reports the total household income in thousands of dollars.

CreveLanp, OH Cinainnati, OH

0.04 |-

0.02 [~

0 -
| | | | | | | | | | | | | |

5 30 [ 55 80 105 130 150 5 30 [ 55 80 105 130 150
INEIGHBORHOPD INEIGHBORKOOD [
Figure 2 introduces NeighborReod-C—+in Cleveland and"iNeéighberhoodd-D in Cincinnati. They

differ from Neighborhoods A and B because the affordability threshold is one income bin to the
left. The house price level and the fraction of mortgaged-out households in July 2000 are identical
for C and D, but, in this case, latent demand is larger for Neighborhood D in Cincinnati than in
Neighborhood C in Cleveland. This is because the fraction of the population immediately to the left
of the affordability threshold is larger in Neighborhood D. This second example demonstrates that
it is very unlikely that the identification of this paper is driven by systemic differences between
metropolitan areas. This example also shows that one can think of the empirical design of this
paper as an interaction between neighborhood and metropolitan characteristics that stem from the
relative position of neighborhoods in the metropolitan income distribution.

The identification strategy relies on comparing latent demand between neighborhoods in dif-
ferent metropolitan areas in the same U.S. state, holding constant the fraction of mortgaged-out

households and the level of house prices in the neighborhood prior to the interest rate change.
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Other demographics at the neighborhood, zip code, and metropolitan level are also held constant;
namely, income level, income growth, past house price growth, unemployment, age, population
size, race, immigration, and education levels. The identification assumption is that, after con-
trolling for the fraction of mortgaged-out households and the level of house prices, the source
of variation for latent demand stems from small incidental differences in the distribution of the
metropolitan population, which are plausibly exogenous to house price growth at the neighbor-
hood level. This is because neighborhoods (with an average population of 7,090 people) are atomic
relative to metropolitan areas (with an average population of 5,241,936 people). Each neighbor-
hood is mapped into the metropolitan distribution of income through the neighborhood afford-
ability threshold. When comparing two neighborhoods in two different metro areas, the source of
variation arises from the differences between metropolitan population around the neighborhood
affordability threshold, and these differences are likely caused by metropolitan-level frictions, such
as frictions in labor markets, and not by unobservable neighborhood characteristics that might
drive house price growth.

One could also derive the intuition of the empirical design from a theoretical income distri-
bution. Figure 3 depicts this hypothetical income distribution. Consider that P represents the
probability distribution of income for a metropolitan area in 1999, r j,,;_oo represents the interest
rate level in July 2000, and rpe.—o1 represents the interest rate level in December 2001. Loanf?ulfoo
represents the average loan that a household needs to purchase a house in neighborhood A in July
2000." Inc (rpec—o1, Loan?,, ) represents the income threshold below which a household can-
not afford to make the mortgage payments of an average house in neighborhood A at the interest
rate and price level of July 2000. If interest rates decline to 7p..—o1, the affordability threshold,
Inc (r Dec—015 Loan‘j‘ul_oo), moves to the left. The dark blue area in Figure 3 represents the measure
of latent demand that is sensitive to the interest rate change. Formally, latent demand is defined
as:

P (Inc (rju-ot, Loanf}ul_oo) < Income < Inc (rpec—ot, Loan’}ul_oo)) .

The light blue area combined with the dark blue area represent the fraction of households
mortgaged-out in July 2000. The empirical design compares two neighborhoods with the same
level of mortgaged-out households, same house price level, but different latent demand.'?

Under this theoretical example, the exclusion restriction is guaranteed if the slope of the
metropolitan income distribution around the neighborhood affordability threshold is exogenous

to house price growth. Take the example of an important alternative explanation: the shock in the

The loan to purchase a house in neighborhood A is a function of the house price level in neighborhood A and the
down payment amount. For the sake of this example, assume that the down payment is constant across neighborhoods.
12The regression models also include a long list of controls at the neighborhood-, zip code-, and metropolitan-level.
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FiGURE 3: REPRESENTATION OF LATENT DEMAND AND THE INCOME DisTRIBUTION

This figure sketches the main intuition of how latent demand is computed. Consider that P is the prob-
ability distribution of income at the metropolitan level; 7; is the interest rate level in period 4; and Loan?
is the average loan that a household requires to purchase an average home in a neighborhood A inside
the metropolitan area. The dark blue area is the measure of latent demand after interest rates fall from

T Jul—00 tO T"Dec—01-

P(Income)

IncomE

A
Inc (rJul,OO, Loanjulfoo)

A
Inc (rDec,()l s Loan(]ulioo)

lending standards due to securitization. If the increase in securitization is a credible alternative,
securitization must be more intense when the slope of the county income distribution is higher
around the neighborhood affordability threshold. This sounds implausible.'?

This paper studies the effects of the expansionary intervention between July 2000 and December
2001. I use this intervention because the methodology described above requires a detailed income
distribution at the metropolitan level. The decennial census of 2000, which provides a comprehen-
sive metropolitan-level income distribution from 1999, makes the study of this policy intervention

3To further emphasize that this alternative is unlikely, I show that neighborhoods that experienced large demand
shocks due to changes in interest rates, as measured by latent demand, exhibit no difference between the growth of loans
that were that were originated and sold to third parties, in particular sold to be securitized. In contrast, neighborhoods
with large latent demand are associated with an increase in mortgages that are kept on the lender’s balance sheet.
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feasible.'* Moreover, this intervention is suitable for my analysis because of its association with the
dot-com bubble, the geopolitical uncertainty brought about by the 9/11 terrorist attacks, and the
mild recession in the second half of 2001; more importantly, this intervention was not associated
with outcomes in the housing market.

One possible immediate concern with this identification strategy is that between July 2000 and
December 2001 the income distributions across metropolitan areas shifted due to changing eco-
nomic conditions; that is, systemic shifts in the distribution of income may create a confounding
mechanism. For example, if income grows equally in all metro areas, neighborhoods for which
the county income slope is steeper on the affordability threshold might experience a higher latent
demand because of income reasons, not changes in interest rates. However, since my analysis ex-
ploits a decline in interest rates, income shocks are only considered confounding if the shock is
large and positive.'> Between 2000 and 2001, the average metropolitan income growth was —3.0%,
while the median metropolitan income growth was —2.5%.'® These income changes are not only
negative but also too small in magnitude to be considered confounding. Section 4 shows that the
interest rate shock used in the paper generates a change in the income affordability threshold of
approximately 11%. To further alleviate any identification concern associated with shifts in the

income distribution, I control for a battery of metropolitan-level characteristics.!”

2.3. MONETARY POLICY INTERVENTION IN THE 20005

In the late 1990s, the stock markets in industrialized countries experienced rapid growth in equity
valuations, particularly in the Internet sector and related fields. This rapid growth in equity prices
is commonly referred to as the dot-com bubble. The climax of the dot-com bubble occurred on March
10, 2000, with the NASDAQ peaking at 5,132.52 in intraday trading; the burst of the stock market
bubble transpired in the form of the NASDAQ crash in March 2000. Growth in gross domestic
product slowed considerably in the third quarter of 2000 to the lowest rate since a contraction in the

first quarter of 1991. Nonetheless, the 2001 recession was the mildest in post-war history; i.e., one

"I assume that the change in mortgage rates from July 2000 to December 2001 was due to the increase in money
supply (Romer and Romer (2000); Bernanke and Blinder (1992); Kashyap and Stein (2000); Rudebusch (1995); Cook and
Hahn (1989); Ang, Boivin, Dong, and Loo-Kung (2011)). Figure 4 suggests that the relationship between the Fed funds
rate and the two most important mortgage rates is very strong, especially around the 2000 monetary policy intervention.

5The average income affordability threshold was $34,757 before the monetary policy intervention in July 2000, and
$29,409 after the monetary intervention in December 2001. This is a drop of 15.5% in the required income to afford to
make mortgages payments in an average U.S. neighborhood. Below, I present more details.

!“The negative income growth is due to the 2001 economic recession.

17 Also note that all regression specifications include state fixed effects; therefore, I only compare neighborhoods be-
tween counties in the same state.
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of the shortest recessions with the smallest real GDP declines.'® According to the National Bureau
of Economic Research (NBER), the U.S. economy was in recession from March 2001 to November
2001. Unemployment rose from 4.2% in February 2001 to 5.5% in November 2001 but did not peak
until June 2003 at 6.3%, after which it declined to 5% by mid-2005. The economic situation in the
early 2000s was further clouded by the geopolitical uncertainty associated with the terrorist attacks
of September 11, 2001. As a result, the target federal funds rate was quickly lowered from 6.5% in
late 2000 to 1.75% in December 2001."°

FiGure 4: MortGAGE RaTES AND FED FUNDs RATE FROM 1997 TO 2013

This chart depicts the Fed funds rate (light blue), the 1-year adjustable mortgage rate (dark blue), and the 30-year fixed mortgage rate
(brown). The mortgage rates are from the Freddie Mac website. The gray areas highlight the monetary policy intervention in the
beginning of the 2000s. The intervention started in the summer of 2000 and lasted until the end of 2001—during which time the Fed
funds rate decreased from 6.5% to 1.75%.

Rate (in percentage)

1995 2000 2005 2010 2015

Figure 4 reports the time series of the 1-year adjustable mortgage, 30-year fixed mortgage, and
the Fed funds rates. Between the summer of 2000 and the end of 2001, the 30-year fixed rate fell by

18“The U.S. economy suffered a moderate recession between March and November 2001, largely traceable to the end-
ing of the dot-com boom and the resulting sharp decline in stock prices” (Bernanke (2010)).

Y“The aggressive monetary policy response in 2002 and 2003 was motivated by two principal factors. First, although
the recession technically ended in late 2001, the recovery remained quite weak and “jobless” into the latter part of 2003.
Real gross domestic product (GDP), which normally grows above trend in the early stages of an economic expansion,
rose at an average pace just above 2% in 2002 and the first half of 2003, a rate insufficient to halt continued increases in the
unemployment rate, which peaked above 6% in the first half of 2003. Second, the FOMC'’s policy response also reflected
concerns about a possible unwelcome decline in inflation. Taking note of the painful experience of Japan, policymakers
worried that the United States might sink into deflation and that, as one consequence, the FOMC's target interest rate
might hit its zero lower bound, limiting the scope for further monetary accommodation” (Bernanke (2010)).
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approximately 1.2%, and the 1-year adjustable rate fell by a little over 2%. It is important to note
that this monetary policy intervention was not driven by economic events in the housing market.
It is then plausible that a large fraction of this decline in the mortgage interest rates was driven by
the Fed funds rate. To estimate the empirical results below, I will use the 1.2% change in 30-year
mortgage rate under the assumption that this change was mostly driven by the rapid decline in the
Fed funds rate.

2.3.1. AFFORDABILITY

An important assumption of the empirical design is the affordability assumption. It is common
practice in the lending industry to require borrowers to keep their mortgage payments below 30%
of their annual salary. This affordability assumption is often self-imposed by borrowers, since it
becomes significantly harder for a household to manage a monthly budget when housing costs
are substantially large relative to disposable income. Lenders often recommend a 30% limit on
mortgage payments because homeowners have more housing expenses, namely maintenance costs,
property taxes, and insurance.?s 2! 22 These non-mortgage housing-related costs may account for
10% of disposable income. Under this lenders’ rule of thumb, total housing costs (mortgage plus
non-mortgage) should remain under 40% of the household income. In practice, it is possible to
verify if this rule of thumb is followed by households and lenders in equilibrium, since several sur-
veys, including the American Community Survey (ACS), collect information on household income
and mortgage payments. Figure 5 depicts the box plot of the distribution of the ratio of mortgage
payments to household income from the ACS for all households who moved in the year of 2000
and 2001 and purchased a home with a mortgage. There are 16,269, 15,476, and 36,112 households
in the 2000, 2001, and 2005 samples, respectively.

2“For Loans of less than $240,000, lenders typically insist that no more than 28 percent of a borrower’s gross income
be used for monthly housing expenses and that no more than 36 percent of that income be used for payment of all
recurring debt.” in New York Times, July 25th, 1999.

21“If you're determined to be truly conservative, don’t spend more than about 35 percent of your pretax income on
mortgage, property tax and home insurance payments.” in New York Times, September 11th, 2009.

2“The typical bank limit on monthly mortgage payments is about 28 percent of your gross monthly income”.....”Banks
will also typically allow a total debt-to-income ratio of up to around 36 percent. This means that your mortgage, credit
card payments, student loan payments and car payments shouldn’t exceed 36 percent of your total monthly income.”
in U.S. Money, February 28th, 2014.
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FiGure 5: DistriBUTION OF MORTGAGE PAYMENTS TO HOUSEHOLD INCcOME RATIO

The figure below depicts the box plot of the ratio of mortgage payments to total household income. The data is from the 2001, 2002,
and 2006 American Community Survey, and it was downloaded from IPUMS.org. The box plots only include households who moved
in the year prior to the survey (as depicted in the y-axis) and purchased their home with a mortgage.

2000

2001

2005

0.1 0.2 0.3 0.4 0.5

Figure 5 shows two relevant facts. First, the distributions of the ratio of mortgage payments
to household income are remarkably similar for households who purchased a home in 2000 and
2001. Second, the majority of households who purchased a home in 2000 and 2001 have mort-
gage payments lower than 40% of their household income—in both years, the 75" and the 90
percentile of the distribution of the ratio of mortgage payments to household income is 28% and
41%, respectively. The fact that the distributions are almost equal in 2000 and 2001 is critical to
verify that neither U.S. households nor lenders changed their behavior with respect to the level of
mortgage payments relative to the level of household income from 2000 to 2001. Since several inno-
vations in lending standards occurred during the 2000s housing boom, this indicates that lending
innovations did not affect the affordability threshold in 2000 and 2001. In contrast, households
who moved in 2005 and purchased a home with a mortgage were significantly more likely to have
higher mortgage payments relative to their income. This is consistent with most of the literature on
the expansion of the credit supply, which documents that most innovations in lending standards
occurred between 2002 and 2006 (Mian and Sufi (2009) and Nadauld and Sherlund (2013)). Con-
sistent with the lender’s rule of thumb and the evidence observed in the data, I will assume that
the affordability threshold is that mortgage payments should not exceed 40% of the household’s
total income.

The position of the neighborhood affordability thresholds depends on the specific mortgage
characteristics chosen by homebuyers. I do not observe these choices neither for actual homebuyers
nor potential homebuyers who end up not purchasing a home. Instead, I rely on the most common
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choices made between 2000 and 2001. The most popular mortgage products are potentially the best
approach to capture latent demand, since they reflect the most likely choice of individuals who
end up not purchasing a home. The three major choices in a mortgage contract are the maturity
of the mortgage, the level of down payment, and the type of mortgage contract (adjustable- or
fixed-rate). In 2001, the most common mortgage contract was a 30-year fixed-rate;**> and the down
payment ranged from 5% to 20%, with an average payment of 10%.>* As such, the baseline model
is that households contract a 30-year fixed-rate mortgage with a 10% down payment. Given these

assumptions, the definition of the income affordability threshold for neighborhood i is as follows:

x 12 x It X Zi’t

401% 1_( 1 )30><12 (1)

1+7r¢

Ing; (rt, fiﬂg) =

Monthly Payments

where r; represents the mortgage interest rate in monthly terms; fi,t represents the loan amount
necessary to purchase the average home in neighborhood i; and ¢ corresponds to July 2000 or
December 2001. Given the assumption on the amount of down payment, L; ; is a linear function of
the house price level in July 2000 in neighborhood i. The definition of mortgaged-out households
in July 2000 is:

Mortgaged-out ;,;,_g0; = Pj{lncome < Inc; (7 gui—00s Li, jui—00) } (2)

where P; is the probability distribution of income for metropolitan area j where neighborhood :
is located. The definition of latent demand in July 2000:

Latent Demand jy;—00,i = Pj{I n¢; (T pec—o1s Li jui—00) < Income < Inc; (v jui—00, Li jui—00) } 3)

Section 4.4 explains the numerical computation of these two variables.

2 According to Pafenberg (2005), in 2001, 85% of the loan origination was fixed-rate mortgages, while only 15% were
adjustable rate mortgages. In contrast, in 2004, only 64% of the mortgage loans were fixed-rate.

#Figure 1 of Duca, Muellbauer, and Murphy (2011) shows that the average down payment for mortgage loans origi-
nated in 2001 varied between 10% and 12%
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3. REGRESSION SPECIFICATION

3.1. AvVERAGE EFreCTS

Using the empirical design from the previous section, I first estimate the contemporaneous effect
of a monetary policy intervention on home prices, mortgage applications, and mortgage origina-
tions. I use a cross-sectional Ordinary Least Squares (OLS) model to regress changes in housing
outcomes on the latent demand in July 2000, the level of mortgaged-out households in July 2000, and
other control variables, which include the level of house prices in the neighborhood in July 2000
and the neighborhood income level in 2000.% Below, I discuss all control variables used in the
model. All regression models include state-fixed effects, unless noted otherwise. All standard
errors are clustered at the metropolitan level and robust. Equation (4) summarizes the baseline

regression model:

Y 20002001,i = 0o+ 61 x Latent Demand j,;/00,; + 02 X Mortgaged-out ; , /00,

+ 03 x House Prices /00, + A X X; + State-Fixed-Effects + ¢; 4)

where'Y 2000-;2001 is either the home price growth from July 2000 to December 2001 or the growth
in mortgage applications from 2000 to 2001.2° This model specification estimates the average treat-
ment effects of mortgage interest rates on housing outcomes during the monetary policy interven-

tion.

3.2. MEASURING THE SIZE OF THE EFFECT

To measure the interest rate effect on house prices, one needs to consider that house prices are a

function of latent demand, and that latent demand, in turn, is a function of interest rates; that is:

House Prices = f(Latent Demand(r)).

PThe Internal Revenue Service only provided zip code-level income for 1998 and 2001. In the baseline model, I use
the income level in 1998; in robustness tests, I also use the income level in 2001. The results remain unchanged.

HMDA, the provider of the loan application data, aggregates the data at the annual level; as a result, I can only
compute the annual growth from 2000 to 2001.
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Thus, when measuring the impact of changes in interest rates on house prices, one needs to take

into account that:

OHouse Prices  OHouse Prices " OLatent Demand
or ~ JLatent Demand or
61 Average La;gnt Demand

61 from model (4) is an estimator for the partial derivative of house prices with respect to latent
demand, while the average of latent demand across neighborhoods is a good estimator for the
partial derivative of housing demand with respect to interest rates.

3.3. Low VErsus HiGH SuppLy oF HousINg

The effect of interest rates on house prices only exists if the supply of housing does not fully adjust
to the shift in housing demand. Thus, no effect should exist if the supply of housing is perfectly
elastic, and we should observe a large price effect if the supply of housing is inelastic. Using the
topology-based measure of housing supply elasticity developed by Saiz (2010), one can test this
prediction. To this end, I estimate the model (4) in two sub-samples: high- and low-housing supply
elasticity metropolitan areas. The threshold of housing supply elasticity for the two sub-samples

is 1.5, the median elasticity in my sample of neighborhoods.

3.4. DistriBUTIONAL EFFECTS

After establishing the average effects of interest rates on house prices, the paper turns to the dis-
tributional effects. Ultimately, the paper aims to document which neighborhoods benefit from
declines in interest rates. Zillow provides monthly house price indexes for terciles of zip codes. I
use each tercile as a small neighborhood. There is, however, one shortcoming in using zip code
terciles as neighborhoods. Since the houses have to fall into one of the zip code terciles, they might
not be adjacent. This might sound counterintuitive to the definition of a neighborhood. How-
ever, in the context of the analysis in the paper, this price uniformity among the houses might be
a great advantage, since the neighborhood becomes exceptionally homogenous. The homeowners
are likely to have similar characteristics since they live in similarly priced homes in the same zip
code.

To study the distributional effects, I separate the neighborhoods by house price quartiles within
the same metropolitan area. The empirical exercise is then equivalent to estimating the interest rate
effect on house prices by comparing two neighborhoods located in different metropolitan areas but
positioned in the same house price quartile. The regression specification is the same as (4), but the
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model is estimated for four subsamples of house price quartiles within each metropolitan area.
For the whole sample of U.S. neighborhoods, the average house price in July 2000 is $92,484 in the
lowest quartile, $131,363 in the second quartile, $174,211 in the third quartile, and $272,880 in the
highest quartile.

3.5. CoNTROLS

The vector X; in regression model (4) includes several controls of levels and changes at the neigh-
borhood, zip code, and metropolitan level. In an ideal randomized experiment the control and
treatment groups are balanced on all covariates besides the treatment; as a result, the addition of
control variables does not affect the estimated treatment effect. The empirical design presented
in this paper tries to separate neighborhoods by latent demand that is fairly random and exoge-
nous to growth in house prices. It is then useful to verify that the addition of several controls at
the neighborhood, zip code, and metropolitan level does not impact the effect of interest rates on
house prices.

Neighborhood-level controls. I observe home prices and loan outcomes at the neighborhood level,
and I estimate income at the neighborhood level. Since the outcome variable in most regressions is
house price growth, it is important to control for past house price growth since it is likely to drive
expectations of future home price growth, and hence housing demand. Past house price growth
might not completely capture expected future house prices growth, butitis a good proxy, especially
when dealing with short periods as in this paper. Borrowers and lenders could base their beliefs
about future changes in house prices on past house price growth, leading to an increase in the
willingness to enter into a mortgage contract on both sides (Foote, Gerardi, and Willen (2012)). In
this case, the relationship between latent demand and house price growth would have been driven
by the expectations of house price growth. To test that this alternative does not drive the results,
I control for past home price growth and show that the effect of the interest rate on house prices
and mortgage applications remains unchanged with the addition of several controls representing
past house prices, including the house price growth from December 1999 to July 2000—the seven
months prior to the monetary policy intervention. Moreover, the house price growth between July
2000 and December 2001 is uncorrelated with house price growth between December 1999 and
July 2000.

I also control for the level of denial rate for home purchase in 2000 at the neighborhood level.
Lenders lowered credit standards in the beginning of the 2000s and extended credit to less cred-
itworthy borrowers (Mian and Sufi (2009) and Nadauld and Sherlund (2013)). Controlling for the
level of denial rates is a cheap way to rule out the alternative hypothesis based on the expansion of
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credit supply to subprime borrowers. Mian and Sufi (2009) show that the zip code level of denial
rates prior to the 2000s housing boom is strongly correlated with the zip code fraction of subprime
borrowers. Even though it is not a conclusive test, controlling for the level of denial rates sheds
light on the extent to which the credit supply hypothesis is an plausible alternative.?”

Finally, at the neighborhood-level, I also control for income levels. There is no dataset that
provides income data at the neighborhood level. However, one can use the decennial census to
estimate income at the neighborhood level. The 2000 decennial census provides a zip code-level
average household income by the distribution of house values. Using this information, I can esti-
mate the income levels for each neighborhood, since I can form the house price terciles at the zip
code level, and estimate the average income. One shortcoming of this estimation is that it is limited
to homeowners. The neighborhood income level does not reflect the income of renters. I rely on

the zip code level controls to partially address this potential issue.

Zip code-level controls. At the zip code level, it is possible to observe the average income from
the IRS; and from the 2000 decennial census, it is possible to observe the median income, median
age, fraction of renters, immigration, fraction of non-whites, and fraction of the population with a
college degree. I control for all these variables. The income at the zip code level is important to help
alleviate limitations of the measure of income at the neighborhood level. At the zip code level, it is
also possible to control for income growth. Controlling for the fraction of renters is useful to ensure
that the possible supply of houses for sale is equivalent between two neighborhoods. It is relevant
to control for the immigration flow in the year prior to the interest rate change because it proxies
for systematic demand for the zip code where the neighborhood is located. Finally, the fraction
of college-educated individuals and fraction of non-whites are important controls because these
variables have been shown to determine zip code-level housing demand. They are also alternative
proxies for the level of income.

MSA-level controls Since the identification of the interest rate effect on house prices relies on com-
paring neighborhoods across metropolitan areas in the same state, systemic differences between
metro areas might explain the dependent and independent variables simultaneously. As stressed
in section 2.2, the construction of the empirical design in itself makes it unlikely that systemic dif-
ferences between metropolitan areas might confound the identification. Nonetheless, to ensure
that this is unlikely, I control for several metropolitan area variables such as: median age, fraction

of non-whites, fraction of college-educated individuals, unemployment rate, flows of immigration

7T conduct an additional series of tests to show that the credit expansion hypothesis does not explain the effect of
interest rates documented in this paper. These tests are presented in the results and robustness sections
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in the year prior to the interest rate change, and the housing supply elasticity. They are all provided
by the 2000 decennial census, with the exception of housing supply elasticity, which is provided
by Saiz (2010).

4. DATA

4.1. Data Sources

Home prices are publicly available on the Zillow Real Estate Research website.”® Zillow provides
a home price index for the bottom, middle, and top terciles of house price for a zip code as long
as there is a sufficient volume of transactions. I use this division to form the unit of observation
in the paper: a neighborhood. A neighborhood is roughly one third the size of a zip code. This is
not a neighborhood in the common sense. Although the houses are in the same zip code, they
are grouped by price level rather than exact location; as a result, the unit of observation might be
dispersed within the zip code. As explained above, this peculiar definition of neighborhood is an
advantage in the context of the analysis of the paper, since it creates an exceptional level of homo-
geneity among houses and households within the same neighborhood. Each Zillow Home Value
Index (ZHVI) is a time series tracking the monthly median home value. In general, each ZHVI
time series begins in April 1996, but for some newer zip codes, data is only available starting at
the beginning of the 2000s. Instead of using a repeat sales methodology, Zillow uses the same un-
derlying deed data as the Case-Shiller index but creates a hedonically adjusted price index. The
Zillow index uses detailed information on properties collected from county public records, includ-
ing the size of the house, the number of bedrooms, and the number of bathrooms.?’ To assess the
quality of the ZHVI, Guerrieri, Hartley, and Hurst (2013) show that the zip code-level correlation
between the Case-Shiller Index and the Zillow Index where the two samples overlap is equal to
94%. Monthly home prices are available from 1996 to 2012 for 10,187 zip codes.

Loan-level data is provided by the Home Mortgage Disclosure Act (HMDA). Application-level
data is available from all lenders that meet one or more disclosure criteria defined by the HMDA.°
Each loan application provides information on year of application; lender; type of loan; loan amount;
action taken by the lender; reason for denial, if the loan is denied; race, sex and income of the applicant
and co-applicant; census tract, county FIPS, and state FIPS where the loan was originated; owner
occupancy; and purpose. Loans have four types of purpose: home purchase, home improvement, refi-

Bhttp://www.zillow.com/research/data/.

*More information about the computation methodology of the Zillow home price index can be found here at http:
//www.zillow.com/research/zhvi-methodology-6032/.

%More details can be found at the following weblink: http: //www.goo.gl/oRmOKQ.
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nancing, and multifamily dwelling. 1 only use loans that are originated for home purchase and are
owner-occupied as a principal dwelling.

The Internal Revenue Service (IRS) makes zip code-level income data publicly available on
their website.’! Income data is available for the years 1998 and 2001, and from 2004 to 2012. The
IRS uses tax returns to create the zip code-level data. Several income items are available, including
the adjusted gross income, number of returns, and wage income. Throughout the paper, income
per capita represents the ratio of adjusted gross income to number of returns.

Finally, I use the 2000 Decennial Census to estimate several demographics at the zip code and
metropolitan level, namely: population, median age, fraction of non-Whites, fraction of college-
educated individuals, fraction of renters, unemployment rate, and flows of immigration in the

year prior to the interest rate change.

4.2. CONSTRUCTION OF THE DATASET

I start with the Zillow home price dataset and create three units of observation for each zip code,
corresponding to the bottom, middle, and top tercile of the zip code. The paper refers to these
units of observation as neighborhoods. For each neighborhood, as long as enough transaction data
exists, Zillow provides a monthly home price index from 1996 to 2014. There are 24,146 data points
in 1996, 27,310 in 2000, and 29,056 in 2010. Next, I use loan-level data from HMDA to compute
the number of annual applications, originations, and denial rates for mortgage loans for home
purchase. HMDA provides the census tract for each loan application. Using this identifier, I match
each loan to a zip code using a crosswalk provided by the Census Bureau. I then match the loan
application to a neighborhood within the zip code using the loan amount from the application. To
perform this match, I must determine the home price associated with the loan application. This
information is not directly provided by HMDA. If the loan is marked as conventional, I assume
that the borrower made a 20% down payment, and if the loan is marked as FHA, I assume that the
borrower made a 5% down payment. I then match each neighborhood to the income data provided
by the IRS using the zip code identifier. This assumes that the IRS income data is the same across
neighborhoods in the same zip code. Finally, I match each neighborhood to a metropolitan area
from the 2000 decennial census.

4.3. METROPOLITAN INCOME DisTrRiBUTION: COMPUTATION

I use the individual public records from census data to compute the income distribution for home-
owners and renters at the metropolitan level. To compute the income distribution at the metropoli-

Shttp://www.irs.gov/uac/S0I-Tax-Stats-Individual-Income-Tax-Statistics-ZIP-Code-Data- (SOI).
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tan level, I use the household-level Public Use Micro Data from the 2000 census found on the
IPUMS-USA website. I download all data entries for heads of household and drop all households
that do not live in a metropolitan area, as well as all households in which the head is older than
75.%2 I then form income bins of $5,000 and assign households to each bin. The process is repeated
separately for renters and homeowners. To compute the frequency in each income bin, I aggre-
gate all households in each bin using the census household weight from the decennial census and

divide by total number of households in the metropolitan area.

4.4. LATENT DEMAND AND MORTGAGED-OUT. NUMERICAL DETAILS

The computation of latent demand and mortgaged-out households require several steps reported
insection 2.2 and 2.3.1. To compute these two variables, I start by computing the neighborhood afford-
ability thresholds. In the baseline specification, a household obtains a 30-year fixed rate mortgage,
providing a 10% down payment; therefore, to purchase a house in a given neighborhood, it needs
to obtain a loan equal to 90% of the average price level in that neighborhood. The 30-year fixed
rate was 8.3% in July 2000 and 7.1% in December 2001. I use these mortgage rates to compute the
income affordability threshold in July 2000 and December 2001, respectively. Using the definitions
presented in section 2.3.1, the average income affordability threshold across all neighborhoods was
$34,034 in July 2000, before the monetary policy intervention, and $30,211 in December 2001, after
the monetary intervention. This is a drop of 11% in the required income to afford to make mortgage
payments in an average U.S. neighborhood. Using the income threshold for each neighborhood in
July 2000, I compute for each neighborhood the fraction of the metropolitan households whose
income is below this income level; this fraction is the measure of households mortgaged-out in July
2000. Then, using the two income thresholds for each neighborhood, I compute the measure of /a-
tent demand for each neighborhood; this is the fraction of the metropolitan households whose total

income falls between the two income thresholds.

4.5. SUMMARY OF STATISTICS

Tables 1.1 to 1.3 report the summary statistics for neighborhood, zip code, and metropolitan level
variables. Given the interest rate level in July 2000, the average ratio of renters who cannot afford
to make mortgage payments in the average neighborhood (as a fraction of the total metropolitan
population) is 15%. After the mortgage interest rate change from July 2000 to December 2001,

%21t should not be a concern that I drop households outside of metropolitan areas. House price data from Zillow
is only available for zip codes in metropolitan areas. Thus, there is no selection bias by dropping non-metropolitan
households at this point.
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on average, this percentage decreases to 13.5% on average. That is, latent demand for an average
neighborhood is equal to 1.5% as a fraction of total households in the metropolitan area. For an av-
erage neighborhood in a metropolitan area with 1 million households.*® Average latent demand in
absolute terms equals 15,000 households who can afford mortgage payments in an average neigh-
borhood after the decline in interest rates. This can potentially represent a large demand shock
since an average neighborhood has approximately 3,500 households.

Table 1.1 also shows that home price growth was positive before, during, and after the monetary
policy intervention. From 2000 to 2001, mortgage applications experience zero average growth, but
the standard deviation is significantly large—approximately 33%. Since this period overlapped
with an economic recession, it is natural that mortgage applications did not grow in the aggre-
gate. Under the hypothesis of this paper, mortgage applications would have grown less—that is,
declined—during this period if interest rates had not declined. Mortgage origination grew on av-
erage by 5.9%, with a very large standard deviation as well—37%. The median housing supply
elasticity is 1.5; this is the threshold used to divide the low- and high-housing elasticity neighbor-
hoods.

5. RESULTS

As explained above, homeowners and renters may have different sensitivities to changes in interest
rates due to disparities in transaction costs. Because of this difference, I compute latent demand for
these two groups separately and estimate every regression in this section separately. This section
is organized as follows: the link between latent demand and mortgage applications/originations
is presented first; then, results on how latent demand affects house prices are reported; and finally,
the evidence on distributional results is presented.

5.1. LATENT DEMAND AND MORTGAGE APPLICATIONS

The first set of results validates the measure of latent demand constructed in the paper by estimat-
ing the correlation between latent demand and the change in housing demand. Using HMDA data,
I first compute, for each neighborhood, the growth in mortgage applications for home purchase

*The median metropolitan area in the sample has approximately one million households.
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from 2000 to 2001.>* As opposed to house price data, mortgage data is only available annually;
thus, one can only compute the annual change between 2000 and 2001, while, with house price
data, one can compute the change in house prices between July 2000 and December 2001.

Table 2 reports the estimated coefficients of the regression model (4), in which the outcome
variable is the growth in mortgage applications for home purchase between 2000 and 2001. Ta-
ble 2 confirms that neighborhoods with higher renter latent demand experienced a larger growth
in mortgage applications for home purchase. To understand the importance of latent demand in
explaining growth in mortgage applications, Table 2 estimates several variations of the model (4).
Column (1) presents the regression model (4) with only latent demand for renters. This estimation
allows us to understand the total variation of mortgage growth that is explained by renters’ latent
demand. The estimated coefficient on latent demand is statistically different than zero at the 1%
level and is economically large. The estimated coefficient is equal to 6.82, which implies, as ex-
plained in section 3.2, that a decline in interest rates of 1.2 percentage points leads to an average
additional growth in mortgage applications for home purchase of 10% (=6.82 x 0.015). The regres-
sion models of column (2) to (4) add several control variables to the model reported in column (1).
The model in column (2) adds the following neighborhood-level control variables: mortgaged-out
renter households, the level of house prices in July 2000, house price growth from December 1999
to July 2000, the level of denial rates in 2000, and the level of income in 2000 of homeowners who
reside in the neighborhood. The model in column (3) adds zip code income in 1998, income growth
from 1998 to 2001, and a long list of zip code level controls, namely, the flow of immigration, the
medium household age, the fraction of renters, population size, the fraction of non-whites, and the
fraction of college-educated individuals. Column (4) adds the elasticity of housing supply from
Saiz (2010), and a long list of metropolitan level controls, namely, the level of unemployment, the
fraction of non-white, the fraction of college educated individuals, the median age, and the flow
of immigration.

Remarkably, the coefficient on renters’” latent demand hardly changes across specifications. The
addition of neighborhood-level controls on the fraction of mortgaged-out households in July 2000,
house price level in July 2000, income level in 2000, denial rates on mortgages for home purchase

in 2000 leads to a change in the estimated coefficient on latent demand to 6.95. In other words,

*Matching each loan to a neighborhood is non-trivial. In this paper, neighborhoods are defined as zip code terciles
based on house prices. One can think of a neighborhood as a set of houses within the same zip code that have similar
prices. To map each mortgage application to a neighborhood, I use three pieces of information: the loan amount specified
in each loan application, the type of loan (conventional or FHA), and the census tract of the house to be purchased. With
this information, I estimate the house price associated with the loan application. The census tract allows me to pin down
the zip code. With the loan amount and type of mortgage, I estimate the house price. With the estimated house price and
the zip code, I can then associate the mortgage application to a tercile of the zip code and, therefore, to a neighborhood.
The Online Appendix provides more details on the mapping of mortgage applications to neighborhoods.
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the addition of the most important neighborhood-level determinants of housing demand does not
change the coefficient of interest. Further, the inclusion of a long list of zip code-level controls
and metropolitan level controls changes the estimated coefficient of interest to 5.63. A drop of
approximately 20% in the coefficient of interest. There are two important conclusions from the
first four columns of Table 2. First, the measure of latent demand constructed in this paper is
associated with a demand shock. Second, a change in mortgage interest rates leads to a shift in the
housing demand schedule driven by renters who experience a fall in their cost of capital.

Columns (5) and (6) of Table 2 report the regression model (4), with the growth in mortgage
applications for home purchase between 2000 and 2001 as the outcome variable and homeown-
ers’ latent demand as the explanatory variable. Without any controls, the estimated coefficient on
homeowners’ latent demand of homeowners, but it is almost three times smaller than the coeffi-
cient on renters’ latent demand; that is, the sensitivity of homeowners to interest rates is signif-
icantly smaller than that of renters. This is consistent with the large transaction costs of moving
for current homeowners as compared to renters (primarily Realtors” fees). In the model with the
full set of controls, which is reported in column (6), the coefficient on homeowners’ latent demand
becomes statistically insignificant.

The last column reports a regression with both measures of latent demand and the full set of
controls. The estimated coefficients on latent demand are consistent with results reported in the
rest of Table 2. The coefficient on renters’ latent demand hardly changes, while the coefficient on
homeowners’ latent demand remains statistically insignificant and its economic significance falls
by one third. Table A.2 in the online appendix replicates Table 2, but using mortgage origination
for home purchase as outcome variable. The results are similar to the ones of Table 2, but the

economic magnitudes are larger for the latent demand from renters.

5.2. AvERAGE ErrecTs oN Houske Prices: RENTERS

After validating the measure of latent demand, the paper investigates the average effect of changes
in mortgage interest rates on home price growth between July 2000 and December 2001. As in the
previous section, latent demand is constructed separately for renters and homeowners, and the
results are also presented separately. Table 3 reports the estimated coefficients of the regression
model (4) for renters’ latent demand. Column (1) of Table 3 presents the estimated coefficients
of model (4) without controls, but including state fixed effects, which leads to a comparison of
neighborhoods within the same U.S. state. The coefficient on renters’ latent demand is 2.170 and
statistically different from zero at the 1% level. This coefficient implies that, as explained in section
3.2, a decline in interest rates of 1.2% leads to an average increase in the growth of house prices of
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3.2% (=2.17 x 0.015).

The rest of Table 3 reports variations of the model presented in column (1) that increasingly in-
clude a larger number of controls. The model in column (2) includes two important neighborhood-
level determinants of house price growth: the house price level in July 2000 and the fraction of
households which were mortgaged-out in July 2000. The model in column (3) controls for the
house price growth between December 1999 and July 2000 to partially control for the alternative
that growth in house price might be driven by an upward shift in the expected future growth. The
estimated coefficients in column (2) and (3) imply that a change of 1.2% in interest rates leads to an
increase in the growth of house prices of 3.3%-3.4%. Relative to the model without controls, there
isno change in the estimated effect of renters’ latent demand on house price growth. This evidence
is reassuring of the orthogonality of renters’ latent demand with respect to these three important
neighborhood controls.

Next, the model in column (4) controls for income growth at the zip code level between 1998 and
2001, income at the zip code level in 1998, the income at the neighborhood level in 2000, the level
of denial rates for home purchase in 2000s, and the housing supply elasticity from Saiz (2010). The
estimated coefficient on renters’ latent demand hardly changes from the model without controls.
The inclusion of a measure of elasticity is central to guarantee that we strip out equilibrium housing
supply adjustments from the demand shock driven by interest rate-sensitive households. Using
the coefficient on latent demand from column (4), the effect of a 1.2% decline in interest rates leads
to an average increase in house prices of 2.9%. Even though this is the model that produces the
largest change in the coefficient on latent demand, it only changes it by 10%.

The model in column (5), in addition to the controls of the model in column (4), controls for
several demographic variables at the zip code level; namely, population size, median age of the
population, fraction of the population with a college degree, fraction of the non-white population,
fraction of the population who immigrated into the zip code in the previous year, and fraction of
households who are renters. Using the coefficient on latent demand from column (4), the effect of
a 1.2% decline in interest rates leads to an average increase in house prices of 3.1%. The model in
column (6), in addition to the controls of the model in column (5), controls for several demographic
variables at the metropolitan level; namely, median age of the population, fraction of the popula-
tion who has a college degree, fraction of the non-white population, fraction of the population who
immigrated into the metro area in the previous year, and the unemployment rate in 2000. Using
the coefficient on latent demand from column (6), the effect of a 1.2% decline in interest rates leads
to an average increase in house prices of 3.2%.

Across the board, the coefficient on renters’ latent demand remains between 1.912 and 2.296,

and is always statistically different than zero at the 1% level. These estimates suggest that house
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prices grow by 2.9%-3.2% on average when interest rates decline by 1.2%. This is a very large
economic effect that shows the importance of interest rates in establishing house prices.

Given the time period used in this analysis, one might be concerned that the effect of interest
rates on house prices documented in the paper might be confounded by the two leading hypothe-
ses that have been put forward to explain the housing boom in the beginning of the 2000s. One
hypothesis is that lenders relaxed their credit standards and expanded the supply of credit to less
creditworthy borrowers (Mian and Sufi (2009); Di Maggio and Kermani (2015); Kleiner (2014)). The
other hypothesis is that borrowers and lenders shifted their expectations on house price growth
perhaps beyond fundamental values (Foote, Gerardi, and Willen (2012); Cheng, Raina, and Xiong
(2014); Shiller (2014); and Glaeser and Nathanson (2015)). It is then important to guarantee that
the effects presented here are not confounded by these two hypotheses. Table 3 shows that the
house price growth between July 2000 and December 2001 is unrelated to the level of house price
growth in July 2000, and the house price growth between December 1999 and July 2000. Also, after
controlling for the level of denial rates for home purchase in 2000, the coefficient on renters’ latent
demand hardly changes. Furthermore, the correlation between the level of denial rates in 2000
and the house price growth between July 2000 and December 2001 is zero.* The results reported
in Table 3 help alleviate potential concerns that the two leading hypotheses for the 2000s housing
boom might explain the documented effect of mortgage interest rates on house price growth, but
further evidence is presented below.

It is noteworthy to point out that the zip code income level in 1998 is positively correlated with
house price growth between July 2000 and December 2001. Income growth between 1998 and 2001
is also positively correlated with the house price growth during this period. These correlations
are additional evidence that the expansion of credit supply to low income borrowers did not occur
during this period, which is consistent with the results found in Mian and Sufi (2009) and Adelino,
Schoar, and Severino (2015).

5.3. AVERAGE Errects oN House Prices: HOMEOWNERS

Asmentioned above, homeowners and renters might have different sensitivities to changes in inter-
est rates. The previous section confirmed part of this hypothesis by showing that housing demand
and house price growth is strongly correlated with renters” latent demand, and that housing de-
mand is not associated with homeowners’ latent demand. This section shows that homeowners’
latent demand is not correlated with house price growth from July 2000 to December 2001, which

is consistent with the previous results. Table 4 reports the estimated coefficients of the model (4),

%Previous work by Mian and Sufi (2009) has shown that the level of denial rates before the housing boom is a good
proxy for the level of subprime borrowers.
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in which the outcome variable is the house price growth from July 2000 to December 2001 and the
main explanatory variable is the measure of latent demand for homeowners. Across all specifica-
tions, which are all equal to the ones from Table 3, the coefficient on homeowners’ latent demand
is statistically and economically zero. The fact that homeowners face larger transaction costs than
renters does not imply that the sensitivity of homeowners to changes in interest rate is zero. In this
case, it must mean that the potential housing consumption benefits stemming from the change in
mortgage interest rates were not sufficient to counterbalance the transaction costs that homeowners

face when selling their home.

5.4. HicH VErsus Low SuppLy oF Housing

The home price effect reported in the previous section only exists if the supply of housing does not
fully adjust to the shift in demand driven by the decline in interest rates. To test this conjecture, I
estimate the effect of changes in mortgages’ interest rates on home prices in two sub-samples: high-
and low-housing supply elasticity metropolitan areas.>® Table 5 reports the results of this estima-
tion. Columns (1) and (3) report the estimation when the neighborhood is located in a metropolitan
area with low elasticity of housing supply, while columns (4) and (6) report the estimation when
the neighborhood is located in a metropolitan area with low elasticity of housing supply. The
median housing supply elasticity in the sample is used to separate the two sub-samples. For the
working sample, the median elasticity is 1.5. Table 5 presents two reassuring facts. The effect on
the sub-sample of neighborhoods located in metropolitan areas with high housing supply elas-
ticity is weak. The coefficient is not statistically significant and is economically small—less than
25% of the average effect. Cities with high elasticity of housing supply construction can adjust to
the demand shock because there is space for construction. On the other hand, in neighborhoods
located in low-housing supply elasticity areas, the effect of a decline in mortgage interest rates on
home price growth is economically large and statistically different from zero. This is because, due
to geographical constraints such as bodies of water and mountains, the supply of housing cannot

tully adjust to the demand shock, and, as a result, home prices adjust upward.

5.5. DistriBUTIONAL EFFECTS ON HOusING WEALTH: RENTERS

After establishing the average effects, this paper analyzes the distributional effects of interest rates
on house prices, aiming to shed light on which neighborhoods, and consequently which homeown-
ers, benefit from the increase in home prices caused by the decline in interest rates. Each neigh-

borhood in the sample is a small geographical unit—approximately three times smaller than a zip

%71 use the housing supply elasticity from Saiz (2010).
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code. This is because the definition of a neighborhood follows the zip code terciles in house prices,
as defined by Zillow. While there is a shortcoming with this definition of neighborhood because
the houses are not adjacent, it is advantageous in studying distributional effects because the house
prices are homogenous within the neighborhood. Neighborhoods are then organized into quar-
tiles of house price of July 2000 within the same metropolitan area. For the whole sample of U.S.
neighborhoods, the average house price in July 2000 was $92,484 in the lowest quartile, $131,363
in the second quartile, $174,211 in the third quartile, and $272,880 in the highest quartile. There
is, however, a substancial amount of heterogeneity across metropolitan areas. For example, in San
Francisco, CA, the average house price in July 2000 was $228,509 in the lowest quartile, $351,787
in the second quartile, $446,961 in the third quartile, and $712,923 in the highest quartile; while in
Cleveland, OH, the average house price in July 2000 was $71,807 in the lowest quartile, $104,786 in
the second quartile, $134,726 in the third quartile, and $207,770 in the highest quartile. I estimate
the effect of changes in mortgage interest rates on house price growth for each subsample of house
price quartile.

Table 6 reports the effect of changes in mortgage interest rates on house prices for each quartile
of house prices. The regression specification in each column includes state fixed effects, and all
the neighborhood-, zip code-, and metropolitan-level controls used in Table 3. This is the most
restrictive specification. The effects on housing wealth for a decline in mortgage interest rates of
1.2% are remarkably different across quartiles. Neighborhoods in the lowest house price quartile
in a given metropolitan area experience no growth in house prices after a decline in mortgage
interest rates. Neighborhoods in the second and third house price quartile experience the highest
increase in house prices, 8.5% and 7%, respectively. This growth translates into a monetary increase
of $11,000 to $12,000. Homeowners who live in these middle-priced neighborhoods experience a
significant increase in housing wealth. Neighborhoods in the highest quartile of house prices in
the metropolitan area experience no gains in house price after a decline of mortgage interest rates.

Households who desire to purchase a house in the lowest priced neighborhoods in the
metropolitan area are likely to be credit-constrained. Mian and Sufi (2009), Nadauld and Sherlund
(2013), and Keys, Mukherjee, Seru, and Vig (2010) document that in the beginning of the 2000s, es-
pecially around 2002, the lending industry in the U.S. loosened their lending standards. This same
evidence suggests that a large fraction of low-income households were credit constrained before
2002. This might be the leading explanation of why the cheapest neighborhoods in a metropolitan
area do not experience house price growth after a decline in interest rates.

Homebuyers in the highest priced neighborhoods are likely to have high incomes and already
be homeowners; consequently, there are two explanations for why mortgage interest rates do not
affect house prices in the highest-priced neighborhoods in the metropolitan area. First, households
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with high incomes are less likely to time mortgage interest rates. They are likely to purchase their
house based on their life-cycle preferences or tax benefits associated with mortgage deduction
(Rosen, Rosen, and Holtz-Eakin (1984), Henderson and Ioannides (1983)), which are highest for
high-income households. By the time interest rates change, they are likely to have low marginal
utilities of consumption, and be less prone to move to a new home. These households are then
likely to refinance their mortgage loans when interest rates fall significantly. Second, if potential
homebuyers in the highest priced quartile are more likely to be current homeowners, then they
will face larger moving costs as they more established in their homes and larger transaction fees in
the form of Realtors’ fees.

It is also important to point out that latent demand is computed assuming that households take
the most common mortgage product, a 30-year fixed rate mortgage with 10% downpayment. The
results in this section could potentially be driven by this choice. Low- and high-income households
could presumably chose mortgage products that are less common. The measure of latent demand
used in this paper does not capture increases in demand through other more exotic mortgage prod-
ucts. This is a limitation of the methodology of this paper.

5.6. DistriBuTIONAL EFFECTS ON HOUSING WEALTH: HOMEOWNERS

As documented above, the average effects of homeowners’ latent demand on house price growth
are statistically and economically zero. However, the average effects might still hide cross-sectional
heterogeneity. Table 7 confirms that there are almost no effects of latent demand of homeowners on
house prices in differently priced neighborhoods. The only exception is the third quartile. Home-
owners in neighborhoods in this quartile experience an economically small positive house price

effect due to some homeowners who are sensitive to changes in interest rates.

5.7. INTEREST RaTEs AND THE HousinG Boom

Despite the large body of research on the causes of the early 2000s housing boom, we still have a
limited understanding of how the reduction of interest rates in the early 2000s affected the rapid
increase in house prices between 2002 and 2005. The analysis in this paper might help us shed some
light on this linkage. However, the conclusions should be taken with caution, since there are several
limitations in trying to extrapolate the methodology of this paper to understand how interest rates
affected house prices between 2002 and 2005. This is because other channels, such as the expansion
of credit supply or the shift in expectations of house price growth, might have amplified the effects
of the interest rates, even though these alternative channels were not confounding between July
2000 and December 2001 as shown above.
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With these limitations in mind, one can then study the correlation of the measure of latent de-
mand from this paper with house price growth between January 2002 and January 2005. Table
8 reports the estimated coefficients. Column (1) reports the correlation coefficient with only state
fixed effects, column (2) includes the fraction of renters mortgaged-out and the house price level
in July 2000, column (3) includes house price growth between December 1999 and July 2000, and
column (4) includes a battery of neighborhood, zip code, and MSA-level controls. The correlation
coefficient between house price growth from 2002 to 2005 and the measure of latent demand for
renters varies between 4.052 and 5.067, and it is always statistically significant at a 1% level. These
correlation coefficients imply that the real effect of interest rates on house price growth between
2002 and 2005 varies between 6% (=0.015x 4.052) and 7.5%. Since during this period, the aver-
age house price growth at the neighborhood-level was 26%, the fall in interest rates between July
2000 and December 2001 might explain 15% to 20% of the variation of house price growth during
the housing boom. This estimation should be taken with caution due to the reasons explained
above, but at the same rate it underlines the potential importance of interest rate changes during

the housing boom.

6. ROBUSTNESS TESTS

6.1. Is tHE Errect EXPLAINED BY THE ExpansioN oF CrReDIT SuppLY?

A large body of literature has documented that in the beginning of the 2000s the U.S. economy
experienced an outward shift in the supply of credit (Mian and Sufi (2009); Keys, Mukherjee, Seru,
and Vig (2010); Adelino, Schoar, and Severino (2012); and Agarwal and Ben-David (2014)). The pre-
dominant mechanism for this credit expansion is the relaxation of lending standards in mortgage
credit. As such, one potential identification concern is that the effect documented in this paper is
picking up the credit supply shock. That is, neighborhoods with larger latent demand experienced
a larger relaxation of credit standards between July 2000 and December 2001, and larger growth in
house prices during the same period.

The empirical design introduced in this paper could potentially mitigate this concern almost
by construction. This is because the empirical design exploits differences between two neighbor-
hoods in different metropolitan areas that stem from their relative position in the metropolitan
income distribution. Ultimately, the design, after mapping neighborhoods into the metropolitan
income distribution, exploits the differences in population in the same income classes in two differ-
ent metropolitan areas. An alternative hypothesis would need to match this population variation
for almost every income class in the income distribution. It is very implausible that the differ-
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ences in population in the same income class in different metropolitan areas are correlated with
the expansion of credit supply.

Nonetheless, to provide additional evidence that the credit supply hypothesis does not drive
the results of this paper, I estimate the effect of changes in interest rates on mortgage applications
kept on the lender’s balance sheet and compare it to the effect on mortgage applications sold off
the lender’s balance sheet, mainly through securitization. If the effect documented in this paper
is driven by the credit supply shock in the early 2000s, the latter effect must be significantly larger
than the former (i.e. mostloans that were presumably originated due to the interest rate effect were
ultimately intended for securitization). Table 9 shows that the estimated effect is, in fact, larger for
loans that were kept on the lender’s balance sheet. This provides reassuring evidence that the

securitization hypothesis is unlikely to drive the effect of interest rate changes on housing wealth.

6.2. Praceso Test FRoM DECEMBER 1999 TO JULY 2000

An alternative way to test the validity of the paper’s empirical design is to run a placebo test.
That is, one can simulate that the decline in mortgage interest rates from July 2000 to December
2001 during a different time frame, namely December 1999-July 2000. To this end, one needs to
reconstruct latent demand using house price level in December 1999 and assume that the 1.2%
decline in interest rates occurred between December 1999 and July 2000. In this test, I continue to
use the same metro-level income distribution from the 2000 census because the analysis period is
mostly in the year 2000. I regress the house price growth between December 1999 and July 2000
on the reconstructed measure of latent demand.

This test helps alleviate endogeneity concerns associated with omitted factors that were un-
changed by the decline in interest rates between July 2000 and December 2001. One might be
concerned that neighborhood characteristics, such as unobservable income growth, might be cor-
related with the measure of latent demand in this paper and the house price growth between July
2000 and December 2001, and hence confound the estimation of the effect of interest rates on house
prices. If this is true, it follows that we should observe the same correlation between latent demand
and house prices in the seven months prior to the interest rate intervention, under an hypothetical
interest rate decline of the same magnitude in this pre-intervention period.

Table 10 reports the results of this estimation. The regression model is similar in controls and
tixed effects to that of Table 6. The house price controls are different to adjust for the change time
frame; as such it controls for the house price level in December 1999, and also for house price
growth between December 1998 and December 1999. The reported results show that there are
no effects in this placebo test. The estimated coefficients are insignificant both statistically and
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economically, except in the first and second quartile, in which there is a negative effect on house
prices, the opposite of what we observe in the intervention period. This is encouraging evidence
that omitted variables are unlikely to drive the results reported in the paper, and that the identifi-
cation strategy is well designed to capture the effect of mortgage interest rates on house prices at
the neighborhood level.

7. CONCLUSIONS

Economists have become increasingly interested in documenting the effect of interest rates on the
distribution of income, consumption, and wealth (Coibion, Gorodnichenko, Kueng, and Silvia
(2012); Auclert (2015); Sterk and Tenreyro (2015); Di Maggio, Kermani, and Ramcharan (2014);
Keys, Piskorski, Seru, and Yao (2014); and Agarwal, Chomsisengphet, Mahoney, and Stroebel
(2015)). Understanding these effects can help unravel how interest rate policy affects the real econ-
omy, and who, ultimately, benefits from monetary policy interventions. This paper shows signifi-
cant distributional effects of interest rates on housing wealth that stem from a transmission channel
associated with mortgage payments. Homeowners who live in middle-priced neighborhoods ex-
perience large gains in housing wealth after economy-wide changes in interest rates; homeowners
who live in low- and high-priced neighborhoods experience no gains in housing wealth through
the documented channel.

In the first part of this paper, I estimate the average effect of changes in interest rates on housing
demand and house prices. In the second part of the paper, I exploit the small size and homogeneity
of neighborhoods to document the distributional effects of interest rates on housing wealth. It is,
however, non-trivial to isolate these effects, since mortgage interest rates are driven, among other
factors, by future expectations of inflation and output. Moreover, interest rates tend to change
simultaneously for the whole economy, making it difficult to find credible contemporaneous coun-
terfactuals. To address these endogeneity issues, this paper introduces a novel empirical design
that exploits the incidental differences in the distribution of the metropolitan population around
pre-determined affordability income thresholds. A back of the envelope estimation suggests that
15% to 20% of the variation in house price growth during the 2000s housing boom may have been
caused by the reduction in interest rates between July 2000 and December 2001, underlining a po-
tential important role that interest rate might have had in the last housing boom.

A decline in mortgage interest rates of 1.2 percentage points leads to an average increase from
7% to 8.5% in housing wealth for the second and third income quartiles; in monetary terms, this
is an average increase of $11,000-$12,000 in housing wealth. Given that households have high

marginal propensities of consumption out of their housing wealth (Mian and Sufi (2011), DeFusco
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(2015)), these results suggest that the housing market represents a relevant transmission mecha-
nism of interest rates to the real economy. Di Maggio, Kermani, and Ramcharan (2014) and Keys,
Piskorski, Seru, and Yao (2014) have documented evidence that supports this claim by showing
that households increase their consumption and reduce default rates after declines in mortgage
payments that are induced by mortgage rate adjustments in their loans. An interesting line of fu-
ture research is to show that the effect of interest rates on housing wealth through the transmission
channel documented here spills over to the real economy.

The distributional results documented here are also useful to potentially help us understand
the micro foundations behind the house price contagion during the 2000s housing boom recently
documented in the urban economics literature (DeFusco, Ding, and Ferreira (2015); Glaeser, Got-
tlieb, and Tobio (2012); Landvoigt, Piazzesi, and Schneider (2015); and Kleiner (2015)). The re-
sults presented in this paper suggest a possible connection between the increase in house prices
in middle-income neighborhoods and the subsequent house price growth in low-income neigh-
borhoods, perhaps through a gentrification mechanism. (Guerrieri, Hartley, and Hurst (2013)).
Linking the documented effect of interest rates on house prices with the house price contagion
literature might also be a fruitful line of future research.
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TABLE 1.1: SUMMARY OF STATISTICS: NEIGHBORHOOD LEVEL

Renters’ latent demand is a neighborhood-specific variable that measures the fraction of household renters in July 2000 (out of all
households in the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from July 2000
to December 2001—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4. The
homeowners’ latent demand is computed similarly to the renters’ later demand, but using the fraction of homeowners instead of
renters. Mortgage applications, originations, and denial rates are for home purchase and are measured using HMDA loan data. HP
Growth is the growth in the Zillow price index for all houses in the neighborhood. House Price is the Zillow price index for all houses
in the neighborhood in July 2000. Population is measured using the 2000 decennial census. It is measured at the zip code level and
divided by three, since each neighborhood represents a zip code tercile. All fractions are presented in decimals.

N MEeaN Stp 10TH QOTH
ReNTERs LATENT DEMAND g, /00 19577  0.015  0.0057 0.0073  0.023
RENTERS MORTGAGED-OUT jyy /00 19577 0.15 0.083 0.055 0.27
HoMEOWNERs LATENT DEMAND Jy; /00 19577  0.022 0.011  0.0089 0.038
HoMEOWNERS MORTGAGED-OUT jyy /00 19577 0.15 0.097 0.048 0.28
MORTGAGE APPLICATIONS GROWTH 0001 19577  0.0035 0.33 -0.32 0.32
MOoRTGAGE ORIGINATION GROWTH 00301 19570  0.059 0.37 -0.29 0.40
DEeNIAL RATE 2000 19577 0.17 0.13 0.050 0.36
HP GROWTH jy1 /01 — Dec/o2 19577  0.079 0.063 0.010 0.16
HP GROWTH Jy1./00 — Dec/o1 19577 0.11 0.083 0.021 0.22
HP GROWTH Dgc/g6 — Jur/oo 17903 0.25 0.17 0.081 0.46
HP GROWTH Dpyc /g8 — Jut/oo 19498 0.13 0.094 0.032 0.24
HP GROWTH Jan/02 — Jan/o5 19577 0.36 0.26 0.080 0.74
House PrICE (IN 10,000) j,; /60 19577 16.7 11.3 6.92 29.1
PoPULATION (IN THDS.) .., 19577 7.09 5.15 1.49 14.1
NErGH. Inc. (HOMEOWNERS) ,., 19577 71.0 23.2 42.3 105.6
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TABLE 1.2: SUMMARY OF STATISTICS: ZIP CODE LEVEL

This table reports the summary of statistics of zip code-level variables used in this paper. Given the construction of the dataset (ex-
plained in section 4.2), the sample has 7,600 unique zip codes. All variables in this table, except for Income, are obtained from the
2000 decennial census. Fraction of College is the fraction of population that a college degree. Median Age is the median age of the
population that lives in the zip code. Immigration Outside County is the fraction of immigration into the zip code from outside the
county in the last 5 years. Income is obtained from the Internal Revenue Service (IRS), and is defined as the gross adjusted income
divided by the number of returns. All fractions are presented in decimals.

N Mean  Stp 10TH  QOTH
ZIP MEDIAN AGE 2000 19577 36.7 4.97 31 41.5
ZIP FRACTION OF BLACK 2000 19577  0.098 0.17  0.0036 0.28
ZIP FracTiON OF COLLEGE 2000 19577 0.55 0.16 0.34 0.77

ZIP IMMIGRATION OUTSIDE COUNTY 2000 19577 0.18 0.090  0.077 0.30

ZIP FRACTION OF RENTERS 2000 19577 0.30 0.17 0.12 0.53
ZIP IRS INcoME GROWTH g8 01 19577 0.10 0.37 0.019 0.18
IRS INCOME (IN THOUSANDS) , 0, 19577 47.4 27.4 27.8 70.7

TABLE 1.3: SUMMARY OF StaTistics: MSA LEVEL

This table reports the summary of statistics of metropolitan-level variables used in this paper. Given the construction of the dataset
(explained in section 4.2), the sample has 268 unique metropolitan areas. Except for the Elasticity Saiz, all variables in this table
are obtained from the 2000 decennial census. Median Age is the median age of the population that lives in the metropolitan area.
Immigration is the fraction of immigration into the metropolitan from outside the metropolitan in the last 5 years. Fraction of College
is the fraction of population that a college degree. Elasticity Saiz is the measure of housing supply elasticity from Saiz (2010). All
fractions are presented in decimals.

N MEeaN Stp 10TH  QOTH
ELASTICITY SAIZ 2000 19577 1.63 0.87 0.76 2.79
MSA MEDIAN AGE 2000 19577 35.0 4.29 32.3 38.2
MSA FrACTION OF BLACK 2000 19577 0.13 0.087 0.037 026

MSA FractioN oF COLLEGE EDUCATION 2000 19577 0.54 0.067  0.46 0.65
MSA UNEMPLOYMENT RATE 2000 19577 0.056 0.014 0.042 0.069

MSA IMMIGRATION 2000 19577 0.18 0.055  0.11 0.26
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TaBLE 2: LATENT DEMAND AND MORTGAGE APPLICATIONS

The Table below reports the estimated coefficients for the following regression specification at the neighborhood level:

MORTGAGE APPLICATIONS 2000—2001,; = 0o + 01 X RENTERs LATENT DEMAND Jul/00,i

+ 02 X RENTERS MORTGAGED-OUT j41/00,; + A X X; + Srate-Fixep-Errects + ¢;

Renters’ latent demand is a neighborhood-specific variable that measures the fraction of household renters in July 2000 (out of all
households in the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from July 2000
to December 2001—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4. The
homeowners’ latent demand is computed similarly to the renters’ later demand, but using the fraction of homeowners instead of
renters. A neighborhood is defined by the house price terciles for a zip code, as defined by Zillow. Mortgage applications, originations,
and denial rates are for home purchase and are measured using HMDA loan data. HP Growth is the growth in the Zillow price index
for all houses in the neighborhood. House Price is the Zillow price index for all houses in the neighborhood in July 2000. Income
is obtained from the Internal Revenue Service (IRS), and is defined as the gross adjusted income divided by the number of returns.
Elasticity Saiz is the measure of housing supply elasticity from Saiz (2010). Zip controls include zip code-level controls for median
age, fraction of college educated, fraction of Black, size of the population, fraction of renters, and immigration from outside the county.
MSA controls include metropolitan-level controls for immigration from outside the metro area, fraction of college educated, fraction of
Black, and size of the population. Standard errors are heteroskedastically robust, and are clustered at the metropolitan level. t-statistics
are in parentheses. Statistic significance: ***=1%,; **=5%; and *=10%.

GROWTH IN MORTGAGE APPLICATIONS: 2000 TO 2001

(€)) ) () @ (5) (6) @)
RENTERS LATENT DEMAND 4 /00 6.820"**  6.954*** 5.863%** 5.634*** 5.145%**
(4.66) (3.65) (2.92) (3.01) (3.23)
RENTERS MORTGAGED-OUT jyy /00 -0.291* -0.389%**  -0.423*** -0.421%**
(-1.70) (-2.66) (-3.88) (-2.88)
HomeowNERs LATENT DEMAND y, /00 2.679*** 2.487 0.948
(3-48) (1.13) (0.43)
HoMEOWNERS MORTGAGED-OUT jyy /00 -0.449* -0.158
(-1.69) (-0.58)
Housk PrICE (IN 10,000) jy; /00 -0.000 0.000 0.000 -0.000 0.001
(-0.18) (0.41) (0.18) (-0.42) (0.76)
DENIAL RATE 2000 -0.648***  -0.650"**  -0.663*** -0.697***  -0.664***
(-13.98)  (1410)  (-14.40) (14.41)  (-13.66)
NEiGH. Inc. (HOMEOWNERS) o -0.050*** 0.023 0.050** 0.068* 0.050
(-2.76) (0.93) (2.14) (2.44) (1.55)
HP GROWTH Dgc/gg — Jur/oo -0.256** -0.244* -0.124 -0.090 -0.125
(200  (192)  (125) (089)  (1.27)
ZIP IRS INcoME GROWTH g8 ;01 0.021 0.023 0.023 0.023
(1.00) (1.10) (1.14) (1.10)
INCOME 448 -0.067*** -0.034 -0.031 -0.033
(-3.52) (-1.44) (-1.09) (-1.22)
ELasTICITY SAIZ 5000 -0.014** -0.015*** -0.014™**
(-2.48) (-2.64) (-2.40)
State Fixep Errects No YEs YEs YEs No YEs Yes
Zip CONTROLS No No YEs YEs No YEs YEs
MSA ConrtroLs No No No YEs No YEs YEs
#NEIGHBORHOODS 19577 19577 19577 19577 19577 19577 19577
R-sQuarep 0.014 0.077 0.082 0.088 0.008 0.086 0.088
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TasLE 3: ErrecT OF INTEREST RATES ON HOME Prices: RENTERS DEMAND

The Table below reports the estimated coefficients for the following regression specification at the neighborhood level:

Housk Price Jul/00—sDec/0l,i = 0o + 01 x REnTERs LATENT DEMAND Jul/00,i

+ 02 X RENTERS MORTGAGED-OUT j41/00,; + A X X; + State-Fixep-Errects + ¢;

Renters’ latent demand is a neighborhood-specific variable that measures the fraction of household renters in July 2000 (out of all
households in the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from July 2000 to
December 2001—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4. A neighbor-
hood is defined by the house price terciles for a zip code, as defined by Zillow. Mortgage applications, originations, and denial rates
are for home purchase and are measured using HMDA loan data. HP Growth is the growth in the Zillow price index for all houses
in the neighborhood. House Price is the Zillow price index for all houses in the neighborhood in July 2000. Income is obtained from
the Internal Revenue Service (IRS), and is defined as the gross adjusted income divided by the number of returns. Elasticity Saiz is the
measure of housing supply elasticity from Saiz (2010). Zip controls include zip code-level controls for median age, fraction of college
educated, fraction of Black, size of the population, and immigration from outside the county. MSA controls include metropolitan-level
controls for immigration from outside the metro area, and fraction of college educated. Standard errors are heteroskedastically robust,
and are clustered at the metropolitan level. t-statistics are in parentheses. Statistic significance: ***=1%; **=5%; and *=10%.

House Price GRowTH FROM JUL-2000 TO DEC-2001

(&) @) (€)) @ (5) (6)
REeNTERs LATENT DEMAND 4, /00 2.170%**  2.296%**  2.225%**  1.912%** 2.018%** 2.149***
(3:34) (4-31) (4.02) (2.80) (3:34) (3:39)
RENTERS MORTGAGED-OUT jyy /00 -0.014 -0.005 -0.027 -0.026 -0.092

(-0.15) (-0.07) (-0.33) (-0.31) (-1.28)

HousE PrICE (IN 10,000) y,; /60 -0.000 -0.000 -0.001 -0.001 -0.000
(017) (037  (128)  (123)  (0.66)
HP GROWTH Dec/gg — Jui/oo 0.047 0.008 -0.030 -0.015
(0.44) (0.07) (-0.29) (-0.16)
ZIP IRS INcoME GROWTH ¢804 0.003 0.005™ 0.004
(1.20) (1.68) (1.64)
NErch. Inc. (HOMEOWNERS) , ., 0.010 0.007 0.013
(0.66) (0.51) (0.93)

INCOME 448 0.013** 0.023"** 0.024***
(2.54) (2.89) (3.76)
DENIAL RATE 2000 0.015 0.014 0.018
(1.19) (1.17) (1.56)

ELAsTICITY SAIZ 5000 -0.019***  -0.018***  -0.017***

(-4.22) (-4.08) (-3.11)

ok ok sk ok

ZIP FRACTION OF RENTERS 5000 0.051 0.051
(4-94) (5.25)
MSA FrACTION OF BLACK 2000 -0.024
(-0.41)
State Fixep ErrecTs YEs YEs YEs YEs YEs YEs
Z1p CONTROLS No No No No YEs YEs
MSA ConNTrOLS No No No No No YEs
#NEIGHBORHOODS 19577 19577 19577 19577 19577 19577
R-sQuUARED 0.413 0.414 0.414 0.436 0.445 0.453
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TaBLE 4: ErrecT OF INTEREST RATES ON HOME Prices: HoMEOWNERS DEMAND

The Table below reports the estimated coefficients for the following regression specification at the neighborhood level:

MORTGAGE APPLICATIONS 2000—2001,; = 0o + 61 X HOMEOWNERS LATENT DEMAND j,; /00,i

+ 02 X HOMEOWNERS MORTGAGED-OUT /00, + & X X; + State-FIxep-EFFECTs + €5

Homeowners’ latent demand is a neighborhood-specific variable that measures the fraction of household homeowners in July 2000
(out of all households in the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from
July 2000 to December 2001—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4.
A neighborhood is defined by the house price terciles for a zip code, as defined by Zillow. Mortgage applications, originations, and
denial rates are for home purchase and are measured using HMDA loan data. HP Growth is the growth in the Zillow price index
for all houses in the neighborhood. House Price is the Zillow price index for all houses in the neighborhood in July 2000. Income
is obtained from the Internal Revenue Service (IRS), and is defined as the gross adjusted income divided by the number of returns.
Elasticity Saiz is the measure of housing supply elasticity from Saiz (2010). Zip controls include zip code-level controls for median
age, fraction of college educated, fraction of Black, size of the population, and immigration from outside the county. MSA controls
include metropolitan-level controls for immigration from outside the metro area, and fraction of college educated. Standard errors
are heteroskedastically robust, and are clustered at the metropolitan level. t-statistics are in parentheses. Statistic significance: ***=1%;

**=5%; and *=10%.

Housk Price GROWTH FROM JuL-2000 TO DEC-2001

(1) ©) () ) (5) (6)
HoMEOWNERs LATENT DEMAND i1 /00 0.033 0.585 0.542 -0.613 -0.438 -0.252
(013) (117) (105) (143 (113  (05)
HoMEOWNERS MORTGAGED-OUT jy; /00 -0.087  -0.076 0.024 0.012 -0.031
(082) (o074 (027) (013  (0.32)
House PRICE (IN 10,000) j,; /60 0.000 0.000 -0.001 -0.001 -0.001
(018) (007)  (134)  (140)  (-1.08)
HP GROWTH Dec/gg — Jut/oo 0.061 0.023 -0.009 0.004
(0.54) (0.21) (-0.09) (0.04)
ZIP IRS INncoME GROWTH g8 ;01 0.001 0.003 0.003
(0-40) (1.46) (1.51)
NEicH. Inc. (HOMEOWNERS) ,, 0.0427*** 0.040*** 0.042***
(3.91) (3.77) (4.65)
INCOME 448 -0.001 0.014** 0.018***
(035) (211 (276)
DEeNIAL RATE 2000 -0.004 -0.006 -0.001
(034) (055  (0.12)
ELAsTICITY SAIZ 5000 -0.021***  -0.020"**  -0.019"**
(-4.04) (-3.92) (-3.10)
ZIP FRACTION OF RENTERS 2000 0.046*** 0.048***
(4.61) (5.05)
MSA FrAcTION OF BLACK 2000 -0.021
(-0.37)
State Fixep ErrecTs Yes Yes Yes YEs YEs YEs
Z1p CONTROLS No No No No YEs YEs
MSA ControOLs No No No No No YEs
#NEIGHBORHOODS 19577 19577 19577 19577 19577 19577
R-sQUARED 0.398 0.399 0.399 0.431 0.439 0.448
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TasLE 5: ErrecTs oN HigH anD Low Housing SuppLy ELasTiciTY AREAS

The Table below reports the estimated coefficients for the following regression specification at the neighborhood level:

Housk Price Jul/00—sDec/0l,i = 0o + 01 x REnTERs LATENT DEMAND Jul/00,i

+ 02 X RENTERS MORTGAGED-OUT j41/00,; + A X X; + State-Fixep-Errects + ¢;

The regression model is estimated for a sub-sample of low housing supply elasticity (Elasticity of (Saiz)<1.5) and for a sub-sample
of high housing supply elasticity (Elasticity of (Saiz)>1.5). Elasticity (Saiz) is the measure of housing supply elasticity from Saiz
(2010). Renters’ latent demand is a neighborhood-specific variable that measures the fraction of household renters in July 2000 (out
of all households in the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from July
2000 to December 2001—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4.
A neighborhood is defined by the house price terciles for a zip code, as defined by Zillow. Mortgage applications, originations, and
denial rates are for home purchase and are measured using HMDA loan data. HP Growth is the growth in the Zillow price index for all
houses in the neighborhood. House Price is the Zillow price index for all houses in the neighborhood in July 2000. Income is obtained
from the Internal Revenue Service (IRS), and is defined as the gross adjusted income divided by the number of returns. Zip controls
include zip code-level controls for median age, fraction of college educated, fraction of Black, size of the population, fraction of renters,
and immigration from outside the county. MSA controls include metropolitan-level controls for immigration from outside the metro
area, fraction of college educated, fraction of Black, and size of the population. Standard errors are heteroskedastically robust, and are
clustered at the metropolitan level. t-statistics are in parentheses. Statistic significance: ***=1%; **=5%; and *=10%.

Erasticity SA1z(2010)<1.5 Evasticity SA1z(2010)>1.5
(1) ) () @) (5) (6)
ReNTERS LATENT DEMAND Jy1 /00 2.034***  2.219**  2.223%** 0.774 0.955 0.519

(3.06) (2.02) (2.83) (1:33) (1.30) (0.65)

RENTERS MORTGAGED-OUT Jy1./00 -0.155*** -0.001 -0.169**  -0.267**  -0.171*  -0.278**

(345 (001) (230  (241)  (1.66)  (-246)

Housk PrICE (IN 10,000) j,; /00 0.000 -0.001* 0.000 0.003*** 0.001 0.002*
(0:30) (-1.78) (0.03) (2.93) (1.57) (1.94)
HP GROWTH Dgc/g9 — Jut/oo -0.130 -0.075 0.002 -0.013
(-0.94) (-o.71) (0.02) (-0.14)
ZIP IRS INcoME GROWTH g8 301 0.001 0.001 0.004 0.003
(0.35) (0.33) (0.91) (0.77)
NEicH. Inc. (HOMEOWNERS) , 1, -0.012 0.007 0.013 0.029
(-0.67) (0.50) (0.86) (1.61)
INCOME 1998 0.017 0.014* 0.010 0.009
(1.45) (1.69) (0.76) (0.67)
DENIAL RATE 2000 0.011 0.017 0.022*%* 0.020**
(053  (1.02) (221)  (207)
Srarte Fixep ErrecTs YEs YEs YEs YEs YEs YEs
Z1ip CONTROLS No YEs YEs No YEs YEs
MSA ConrtroLs YEs No YEs YEs No YEs
#NEIGHBORHOODS 9748 9748 9748 9829 9829 9829
R-sQuARED 0.466 0.435 0.478 0.431 0.429 0.444
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TasLE 6: DistriBuTIONAL EFFECTS ON HOME PRICcES: RENTERS DEMAND

The Table below reports the estimated coefficients for the following regression specification at the neighborhood level:

Housk Price Jul/00—sDec/0l,i = 0o + 01 x REnTERs LATENT DEMAND Jul/00,i

+ 02 X RENTERS MORTGAGED-OUT j41/00,; + A X X; + State-Fixep-Errects + ¢;

The regression model is estimated for each sub-sample of house price quartile. The average house price in July 2000 was $92,484 in
the lowest quartile, $131,363 in the second quartile, $174,211 in the third quartile, and $272,880 in the highest quartile. Renters’ latent
demand is a neighborhood-specific variable that measures the fraction of household renters in July 2000 (out of all households in
the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from July 2000 to December
2001—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4. A neighborhood is
defined by the house price terciles for a zip code, as defined by Zillow. Mortgage applications, originations, and denial rates are for
home purchase and are measured using HMDA loan data. HP Growth is the growth in the Zillow price index for all houses in the
neighborhood. House Price is the Zillow price index for all houses in the neighborhood in July 2000. Income is obtained from the
Internal Revenue Service (IRS), and is defined as the gross adjusted income divided by the number of returns. Zip controls include
zip code-level controls for median age, fraction of college educated, fraction of Black, size of the population, fraction of renters, and
immigration from outside the county. MSA controls include metropolitan-level controls for immigration from outside the metro area,
fraction of college educated, fraction of Black, and size of the population. Standard errors are heteroskedastically robust, and are
clustered at the metropolitan level. t-statistics are in parentheses. Statistic significance: ***=1%; **=5%; and *=10%.

Housk Price GROWTH FROM JuL-2000 TO DEC-2001

(1) (2 (3) 4
Q1 Q2 Q3 Q4
RENTERS LATENT DEMAND 4 /00 0.467 6.009"**  5.110*** 1.163
(0.13) (3-41) (3-30) (1.26)
RENTERS MORTGAGED-OUT jy; /00 -0.105 -0.181 -0.098 0.196™*
(-0.22) (-0.73) (-0.52) (2.09)
Housk PrICE (IN 10,000) jy; /00 0.000 0.001 0.001 -0.000
(009) (047 (@73  (022)
HP GROWTH Dic /99 — Jut/oo 0.029 -0.076 -0.172** -0.109
(0.44) (-0.84) (-2.06) (-1.05)
ZIP IRS INcoME GROWTH g8 _301 0.001 0.001 0.011 0.046™*
(©031) (047 (073 (2.02)
INCOME 448 0.014 0.003 -0.007 0.014
133)  (03)  (067) (1.55)
DEeNIAL RATE 5000 -0.027 -0.013 0.017 0.031
(-1.57) (-1.07) (1.09) (1.62)
NEeiGH. Inc. (HOMEOWNERS) o,  0.072***  0.044***  0.036™** 0.026™
(3-88) (2.76) (2.75) (1.73)
ELasTICITY SAIZ 5000 -0.014** -0.013** -0.010™* -0.010*
(-2.54) (-258) (-2.21) (-1.85)
Starte Fixep ErrecTs YEs YEs YEs YEs
Zip CONTROLS YEs YEs YEs YEs
MSA ConrtrOLS YEs YEs YEs YEs
#NEIGHBORHOODS 4978 4876 4912 4811
R-sQuARED 0.489 0.533 0.507 0.492
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TasLE 7: DistriBuTiIONAL EFFECTS ON HOME PRIcES: HOMEOWNERS DEMAND

The Table below reports the estimated coefficients for the following regression specification at the neighborhood level:

House PRICE ju1/00—Decjo1,6 = 6o + 601 X HOMEOWNERS LATENT DEMAND ;4,1/00,

+ 02 X HOMEOWNERS MORTGAGED-OUT 4/00,; + A X X; + State-Fixep-EFrecTs + ¢;

The regression model is estimated for each sub-sample of house price quartile. The average house price in July 2000 was $92,484 in the
lowest quartile, $131,363 in the second quartile, $174,211 in the third quartile, and $272,880 in the highest quartile. Homeowners’ latent
demand is a neighborhood-specific variable that measures the fraction of household homeonwners in July 2000 (out of all households
in the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from July 2000 to December
2001—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4. A neighborhood is
defined by the house price terciles for a zip code, as defined by Zillow. Mortgage applications, originations, and denial rates are for
home purchase and are measured using HMDA loan data. HP Growth is the growth in the Zillow price index for all houses in the
neighborhood. House Price is the Zillow price index for all houses in the neighborhood in July 2000. Income is obtained from the
Internal Revenue Service (IRS), and is defined as the gross adjusted income divided by the number of returns. Zip controls include
zip code-level controls for median age, fraction of college educated, fraction of Black, size of the population, fraction of renters, and
immigration from outside the county. MSA controls include metropolitan-level controls for immigration from outside the metro area,
fraction of college educated, fraction of Black, and size of the population. Standard errors are heteroskedastically robust, and are
clustered at the metropolitan level. t-statistics are in parentheses. Statistic significance: ***=1%; **=5%; and *=10%.

Houske Price GROWTH FROM JuL-2000 TO DEC-2001

(1) (@) (3) @)
Q Q2 Q3 Q4
HomEeownNERs LATENT DEMAND 7y, /00 -3.462 0.764 3.368"* 0.817
(-1.43) (0.43) (1.98) (1.54)
HoMEOWNERS MORTGAGED-OUT jy; /00 0.239 -0.407 -0.336 0.062
(043) (1100 (125 (1.05)
HousE PrICE (IN 10,000) j,; /60 0.002 0.004* 0.001 -0.000
(0.55) (1.67) (0.62) (-0.21)
HP GROWTH Dpyc /99 — Jut/oo 0.025 -0.106 -0.186* -0.125
©34)  (L11)  (19H)  (112)
ZIP IRS INcoME GROWTH g8 01 0.000 0.000 0.015 0.046**
(0.13) (0.10) (0.92) (1.98)
INCOME 1448 0.012 -0.001 -0.002 0.012
(g (012 (023  (149)
DeNr1aL RATE 2000 -0.025 -0.032** 0.008 0.033
(162) (228 (051)  (146)
NEiGh. Inc. (HOMEOWNERS) , 0.072*** 0.069***  0.048"** 0.027*
(3-83) (3:59) (3-78) (1.90)
EvasticITY SAIZ 2000 -0.015***  -0.019***  -0.015** -0.010*
(-2.71) (-2.84) (-2.55) (-1.77)
State Fixep Errects YEs YEs YEs YEs
Zip CONTROLS YEs YEs YEs YEs
MSA ConrtroLs YEs YEs YEs YEs
#NEIGHBORHOODS 4978 4876 4912 4811
R-sQuarep 0.493 0.514 0.487 0.489
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TasLE 8: Errect OF INTEREST RATES ON HOME PrIcEs DuriNG THE Boom

The Table below reports the estimated coefficients for the following regression specification at the neighborhood level:

House PRICE jan/02-5 Janj05,i = 0o+ 61 X RENTERs LATENT DEMAND j4/00,
+ 02 X ReNTERS MORTGAGED-OUT j41/00,s + A X X; + Stare-Fixep-Errects + €;

Renters’ latent demand is a neighborhood-specific variable that measures the fraction of household renters in July 2000 (out of all
households in the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from July 2000 to
December 2001—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4. A neighbor-
hood is defined by the house price terciles for a zip code, as defined by Zillow. Mortgage applications, originations, and denial rates
are for home purchase and are measured using HMDA loan data. HP Growth is the growth in the Zillow price index for all houses
in the neighborhood. House Price is the Zillow price index for all houses in the neighborhood in July 2000. Income is obtained from
the Internal Revenue Service (IRS), and is defined as the gross adjusted income divided by the number of returns. Elasticity Saiz is the
measure of housing supply elasticity from Saiz (2010). Zip controls include zip code-level controls for median age, fraction of college
educated, fraction of Black, size of the population, and immigration from outside the county. MSA controls include metropolitan-level
controls for immigration from outside the metro area, and fraction of college educated. Standard errors are heteroskedastically robust,
and are clustered at the metropolitan level. t-statistics are in parentheses. Statistic significance: ***=1%; **=5%; and *=10%.

Houst Price GROWTH FROM JAN-2002 TO JAN-2005

(1) () (3) )
RENTERS LATENT DEMAND 1y, /00 4.986™**  4.968***  5.067*** 4.052**
(2.80) (2.78) (3.12) (2.46)
RENTERS MORTGAGED-OUT jy; /00 0.148 0.136 -0.193
(0.49) (053) (-1.19)
HousE PrICE (IN 10,000) j,; /60 -0.005%*  -0.004*** -0.004***
(-1.98) (-2.69) (-3:99)
HP GROWTH Dec/gg — Jui/oo -0.065 -0.055
(-0.20) (-0.24)
ZIP IRS INcoME GROWTH g8 ;01 -0.000
(-0.01)
NErGH. Inc. (HOMEOWNERS) , ., 0.054™
(1.67)
INCOME 4498 0.026
(1.22)
DEeNIAL RATE 2000 -0.076**
(-2.47)
EvrasTtiCITY SAIZ 5000 -0.040™**
(-3.18)
ZIP FRACTION OF RENTERS 5000 0.097***
(5.97)
MSA FrAcTION OF BLACK 2000 0.157
(0.63)
Srtate Fixep ErrecTs Yes YEs YEs YEs
Z1p CONTROLS No No No YEs
MSA ControLs No No No YEs
#NEIGHBORHOODS 19577 19577 19577 19577
R-sQuarRED 0.700 0.720 0.721 0.746
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TaBLE 9: EFFECT ON APPLICATIONS KEPT IN THE BALANCE SHEET VERSUS LOANS SOLD

The Table below reports the estimated coefficients for the following regression specification at the neighborhood level:

MORTGAGE APPLICATIONS 2000—2001,; = 0o + 61 X RENTERs LATENT DEMAND Jul/00,i

+ 02 X RENTERS MORTGAGED-OUT j41/00,; + A X X; + Srate-Fixep-Errects + ¢;

Renters’ latent demand is a neighborhood-specific variable that measures the fraction of household renters in July 2000 (out of all
households in the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from July 2000 to
December 2001—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4. A neighbor-
hood is defined by the house price terciles for a zip code, as defined by Zillow. Mortgage applications, originations, and denial rates are
for home purchase and are measured using HMDA loan data. House Price is the Zillow price index for all houses in the neighborhood
in July 2000. Standard errors are heteroskedastically robust, and are clustered at the metropolitan level. t-statistics are in parentheses.

Statistic significance: ***=1%; **=5%; and *=10%.

MORTGAGE APPLICATIONS FROM 2000 TO 2001

(1) @) )

ALL Kepr Not-Kepr

ReNTERs LATENT DEMAND 4 /00 12.039***  13.284*** 7.875%**

(4.85) (4.95) (2.85)
RENTERS MORTGAGED-OUT Jur/oo -0.384 -0.924*** 0.531%*

(-1.50) (-3.13) (1.76)
HousE PrICE (IN 10,000) j,; /60 0.001 0.002 -0.003

(1.08) (1.65) (-1.61)
State Fixep ErrecTs YEs YEs YEs
Z1p CONTROLS No No No
MSA ConTRrOLS No No No
#Z1P CODES 19577 19544 19411
R-sQUARED 0.038 0.037 0.034
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TaBLE 10: PLacEBO TEST BETWEEN DECEMBER 1999 AND JULY 2000

The Table below reports the estimated coefficients for the following regression specification at the neighborhood level:

Housk Price Dec/99— Jul/00,i = 6o + 61 X RENTERs LATENT DEMAND Dec/99,i

+ 02 X RENTERS MORTGAGED-OUT pec/99,s + A X X; + Stare-Fixep-Errects + €;

The regression model is estimated for each sub-sample of house price quartile. The average house price in December 1999 was $87,666
in the lowest quartile, $123,996 in the second quartile, $164,532 in the third quartile, and $256,107 in the highest quartile. Renters’ latent
demand is a neighborhood-specific variable that measures the fraction of household renters in December 1999 (out of all households
in the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from December 1999 to July
2000—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4. A neighborhood is
defined by the house price terciles for a zip code, as defined by Zillow. Mortgage applications, originations, and denial rates are for
home purchase and are measured using HMDA loan data. HP Growth is the growth in the Zillow price index for all houses in the
neighborhood. House Price is the Zillow price index for all houses in the neighborhood in December 1999. Income is obtained from
the Internal Revenue Service (IRS), and is defined as the gross adjusted income divided by the number of returns. Zip controls include
zip code-level controls for median age, fraction of college educated, fraction of Black, size of the population, fraction of renters, and
immigration from outside the county. MSA controls include metropolitan-level controls for immigration from outside the metro area,
fraction of college educated, fraction of Black, and size of the population. Standard errors are heteroskedastically robust, and are
clustered at the metropolitan level. t-statistics are in parentheses. Statistic significance: ***=1%; **=5%; and *=10%.

House Price GrRowTH FrROM DEC-1999 TO JUL-2000

(1) (@) (3) @
Q1 Q2 Q3 Q4
REeNTERs LATENT DEMAND 4, /00 -2.904* -1.253* 0.216 0.820
(-1.69) (-1.84) (0.45) (1.40)
RENTERS MORTGAGED-OUT Jy1./00 -0.122 -0.068 -0.180™** -0.036
(-0.50) (-0.79) (-235) (-0.57)
HousE PRICE (IN TENS OF THOUSANDS) pyc /g 0.008™**  0.006™**  0.005"** 0.001***
487)  (816)  (7.39) (379)
HP GROWTH Dec/98 —5 Dec/g9 -0.027 -0.000 -0.023 0.046**
(-1.01) (-0.00) (-1.00) (2.11)
INCOME 4gg8 0.011%* 0.009* 0.004 0.005
(2.56) (1.80) (0.93) (0.81)
ZIP IRS INcoME GROWTH ¢804 0.002** 0.003* 0.016* 0.054***
(2.40) (1.69) (1.75) (3.13)
DENIAL RATE 2000 -0.003 0.011* 0.018** 0.006
(-0.32) (1.86) (2:30) (058)
ELAsTICITY SAIZ 2000 -0.003 0.000 -0.001 -0.004
(-1.45) (0.07) (-0.46) (-1.55)
State Fixep Errects YEs YEs YEs YEs
Zir CONTROLS YEs YEs YEs YEs
MSA ConTrOLS YEs YEs YEs YEs
#Z1p CODES 4957 4853 4893 4795
R-sQUARED 0.415 0.505 0.503 0.473
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TaBLE A.1: COMPLETE VERSION OF TABLE 3

The Table below reports the estimated coefficients for the following regression specification at the neighborhood level:

Housk Price Jul/00—sDec/0l,i = 0o + 01 x REnTERs LATENT DEMAND Jul/00,i

+ 02 X RENTERS MORTGAGED-OUT j41/00,; + A X X; + State-Fixep-Errects + ¢;

Renters’ latent demand is a neighborhood-specific variable that measures the fraction of household renters in July 2000 (out of all
households in the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from July 2000 to
December 2001—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4. A neighbor-
hood is defined by the house price terciles for a zip code, as defined by Zillow. Mortgage applications, originations, and denial rates
are for home purchase and are measured using HMDA loan data. HP Growth is the growth in the Zillow price index for all houses
in the neighborhood. House Price is the Zillow price index for all houses in the neighborhood in July 2000. Income is obtained from
the Internal Revenue Service (IRS), and is defined as the gross adjusted income divided by the number of returns. Elasticity Saiz is the
measure of housing supply elasticity from Saiz (2010). Zip controls include zip code-level controls for median age, fraction of college
educated, fraction of Black, size of the population, and immigration from outside the county. MSA controls include metropolitan-level
controls for immigration from outside the metro area, and fraction of college educated. Standard errors are heteroskedastically robust,
and are clustered at the metropolitan level. t-statistics are in parentheses. Statistic significance: ***=1%; **=5%; and *=10%.

Housk PricE GROWTH FROM JUL-2000 TO DEC-2001

(1) () 3) @ (5) (6)

OLS OLS OLS OLS OLS OLS
ReNTERs LATENT DEMAND j3;1 /60 217077 F 229677 F 222577 " 19127 2.018% %% 2.149% 7
(3-34) (4.31) (4.02) (2.80) (3-34) (3-39)
RENTERS MORTGAGED-OUT Jur/oo -0.014 -0.005 -0.027 -0.026 -0.092
(-045) (-007) (-033) (-031) (1.28)
HP GrowTtnH Dec/99 — Jut/0o 0.047 0.008 -0.030 -0.015
(044) (007) (-0.29) (-06)
ZIP IRS INcomE GROWTH gg_, ¢ 0.003 0.005* 0.004
(1.20) (1.68) (1.64)
NEiGH. INc. (HOMEOWNERS) 500 0.010 0.007 0.013
(0.66) (0.51) (0.93)
INCOME ;g8 0.013** 0.023*** 0.024***
(2.54) (2.89) (376)
DEeNIAL RATE 2000 0.015 0.014 0.018
(119) (117) (1.56)
ELasticITY SAIZ 2000 -0.019™** -0.018%** -0.017***
(-4.22) (-4.08) (-3.11)
Housk Prick (1N 10,000) JuL/o0 -0.000 -0.000 -0.001 -0.001 -0.000
(-0.17) (-0.37) (-1.28) (-1.23) (-0.66)
ZIP FrRACTION OF RENTERS 2000 0.051™** 0.051%**
(4-94) (5-25)
MSA FracTiON OF BLACK 2000 -0.024
(-0.41)
ZIP MEDIAN AGE 2000 0.000 0.001
(1.27) (1.55)
ZIP ImmiGraTiON Outsipe COUNTY 2000 0.022 0.021
(0.86) (0.91)
ZIP FRACTION OF BLACK 2000 0.002 -0.001
(0.12) (-0.09)
ZIP FractioN of COLLEGE 2000 -0.012 -0.026
(-0.58) (-1.51)
ZIP POPULATION 2000 0.000™* 0.000™*
(1.68) (2.02)
MSA MEDIAN AGE 2000 0.000
(1.46)
MSA FractioN ofF COLLEGE EDUCATION 2000 0.139
(1.46)
MSA UNEMPLOYMENT RATE 2000 0.933**
(224)
MSA IMMIGRATION 2000 0.010
(0.06)
Srate Fixep ErrecTs Yes Yes Yes Yes Yes Yes
#NEIGHBORHOODS 19577 19577 19577 19577 19577 19577
R-sQuareD 0.413 0.414 0.414 0.436 0.445 0.453




TaBLE A.2: LATENT DEMAND AND MORTGAGE ORIGINATIONS

The Table below reports the estimated coefficients for the following regression specification at the neighborhood level:

MORTGAGE ORIGINATIONS 2000—2001,i = 0o + 61 X RENTERs LATENT DEMAND ;,,; /00,

+ 02 X ReENTERS MORTGAGED-OUT j4/00,; + A X X; + Srate-Fixep-Errects + ¢;

Renters’ latent demand is a neighborhood-specific variable that measures the fraction of household renters in July 2000 (out of all
households in the metropolitan area) that could afford to make mortgage payments after the decline in interest rates from July 2000
to December 2001—the theoretical details are explained in section 2.2, and the numerical details are presented in section 4.4. The
homeowners’ latent demand is computed similarly to the renters’ later demand, but using the fraction of homeowners instead of
renters. A neighborhood is defined by the house price terciles for a zip code, as defined by Zillow. Mortgage applications, originations,
and denial rates are for home purchase and are measured using HMDA loan data. HP Growth is the growth in the Zillow price index
for all houses in the neighborhood. House Price is the Zillow price index for all houses in the neighborhood in July 2000. Income
is obtained from the Internal Revenue Service (IRS), and is defined as the gross adjusted income divided by the number of returns.
Elasticity Saiz is the measure of housing supply elasticity from Saiz (2010). Zip controls include zip code-level controls for median
age, fraction of college educated, fraction of Black, size of the population, fraction of renters, and immigration from outside the county.
MSA controls include metropolitan-level controls for immigration from outside the metro area, fraction of college educated, fraction of
Black, and size of the population. Standard errors are heteroskedastically robust, and are clustered at the metropolitan level. t-statistics
are in parentheses. Statistic significance: ***=1%; **=5%; and *=10%.

GROWTH IN MORTGAGE ORIGINATIONS: 2000 TO 2001

(€)) (€ €) @
RENTERS LATENT DEMAND 4 /00 9.420™**  9.603*** 9.550™**
(3.65) (4.69) (4.88)
RENTERS MORTGAGED-OUT jy; /00 -0.279 -0.721%** -0.763***
(-0.99) (-4.09) (-3-75)
HomeowNERs LATENT DEMAND 7y, /00 3.913* 0.643
(1.97) (0.33)
HoMEOWNERS MORTGAGED-OUT jyy /00 -0.566** 0.013
(-2.15) (0.05)
Housk PrICE (IN 10,000) jy; /60 -0.001 0.001 -0.001 0.001
(-1.35) (0.69) (-0.88) (0.39)
DENIAL RATE 5000 -0.040 0.019 -0.031 0.025
(-0.73) (0.33) (-053) (0.40)
HP GROWTH Dpge/gg — Jut/oo -0.236** -0.156 -0.230*
(207)  (1.15) (-1.85)
ZIP IRS INncoME GROWTH ¢8_01 0.035 0.037 0.036
(109)  (1.14) (1.11)
NEiGH. Inc. (HOMEOWNERS) ,, 0.131%**  0.154"** 0.119***
(4-34) (4.89) (3-22)
INCOME 4448 -0.049* -0.043 -0.044
(-1.91) (-1.52) (-1.53)
ELAsTICITY SAIZ 2000 -0.015™* -0.017** -0.015™*
(-2.09) (-2.32) (-2.04)
State Fixep Errects YEs Yes Yes Yes
Zip CONTROLS No YEs YEs YEs
MSA ConrtroLs No YEs YEs YEs
#NEIGHBORHOODS 19570 19570 19570 19570
R-sQuARED 0.025 0.039 0.035 0.039
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