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Abstract

This dissertation consists of three essays on housing supply.

The first essay, co-authored with Patrick Bayer and David Berger, examines the causes
and consequences of housing renovations and teardowns. We develop a non-parametric
method to detect major upgrades in existing properties and propose a framework for mod-
eling supply decisions.

The second essay documents an empirical pattern in which multimarket homebuilders
set prices based on demand conditions across different markets. I show that prices in one
market are influenced by demand in others and that this spillover effect is stronger for
financially constrained builders. Additionally, I provide evidence that these spillovers are
more pronounced for builders with geographically concentrated portfolios.

The third essay presents and estimates a model of multimarket builders’ pricing deci-
sions, incorporating both competitive intensity within each market and the need for liquid-
ity. Using this model, I quantify the impact of geographical diversification on builder-level

markups and profits.
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1

Introduction

Housing affordability is an increasingly pressing issue in the United States, making it crucial
to understand the factors driving housing supply decisions. While much of the existing lit-
erature has focused on the role of regulations and zoning policies, this dissertation explores
underexamined aspects of both existing and new home supply, areas that prior research
has often abstracted away from.

This dissertation consists of three essays that analyze key drivers of housing supply
decisions.

Chapter 2, co-authored with Patrick Bayer and David Berger, examines the impact
of major upgrades of existing houses, such as renovations and teardowns on housing af-
fordability. While major renovations provide a relatively cost-effective means of enhancing
housing quality, they can also exacerbate broader affordability challenges. We introduce
a nonparametric approach to detecting major housing upgrades and document trends in
such upgrades across major U.S. cities. Building on these findings, we develop a framework
based on the filtering model to analyze how demand dynamics influence both equilibrium
supply decisions and landlords’ choices to upgrade their properties.

Chapters 3 and 4 shift the focus to the new housing supply market, exploring how
financial frictions shape builders’ pricing strategies and market behavior.

Chapter 3 empirically examines the impact of financial constraints on housing devel-
opers’ pricing decisions. Using data from the housing bust following the Great Recession

(2009-2012), I present empirical evidence that national builders actively adjusted their



pricing strategies to manage local market downturns. First, I find that builders responded
to losses in one market by lowering sales prices in other markets where they operated. Sec-
ond, builders operating in highly concentrated markets or those with significant own-market
shares were less responsive to these shocks, reducing prices to a lesser extent. Third, more
geographically diversified builders and those with fewer finished homes offered smaller dis-
counts in response to negative shocks. Finally, financial leverage played a key role — builders
with higher net debt levels had lower sales prices, with an 18 percentage-point difference in
price adjustments between the most and least leveraged builders, compared to an average
3 percent reduction. These findings highlight the importance of financial constraints and
market structure in shaping builders’ pricing strategies.

Motivated from empirical evidence from Chapter 3, Chapter 4 develops an equilibrium
model of pricing decisions for multimarket builders, incorporating both market structures
and the necessity of generating cash flow to service debt. In each market, builders face
an intertemporal tradeoff: selling homes immediately to minimize debt carrying costs or
holding them for a future period in anticipation of better market conditions. Geographically
diversified builders leverage revenues from high-markup local markets to offset losses in
weaker markets. Using the estimated parameters, I find that the average public builder
sustained a 2.5 percent price premium during the Great Recession solely due to geographical
diversification.

Overall, this dissertation provides a comprehensive framework for understanding hous-
ing supply decisions, offering new insights into the interplay between housing prices and

quality decisions, and financial frictions.



2

Housing Teardowns, Renovations, and
A Landability

This chapter is a joint work with Patrick Bayer and David Berger.

2.1 Introduction

The shortage of affordable housing has become an increasingly pressing issue across many
American cities. While once concentrated in coastal hubs like New York and San Fran-
cisco, rapidly rising housing costs have made it a nationwide concern. Economic research
and policy discussions have largely focused on the supply of new housing, with particular
attention to the role of local political processes in driving restrictive zoning and housing
regulations that inflate construction costs and constrain development, as well as the incen-
tives of developers of new housing have. Critics have also highlighted that new housing
supply is primarily built for the high-end luxury market, exacerbating affordability chal-
lenges. In response, policy reforms have emerged, including state-level efforts in California
to ease local building restrictions and initiatives requiring developers to include affordable
units as a condition for new construction.

This paper shifts the focus to a relatively underexplored aspect of the affordable hous-
ing debate: the upgrading of existing homes. As older homes depreciate over time, they
naturally form a lower quality segment of the housing market. In fact, in most US cities,
these older properties, commonly known as NOAH (Naturally Occurring Affordable Hous-

ing), constitute the vast majority of available affordable housing units. Figure 2.1 depicts



how housing age correlates with affordability. Each line represents the average proportion
of homes, constructed during a specific decade, that fall below the 25th percentile, or 50th
percentile of housing values within their respective Metropolitan Statistical Area (MSA).
The data clearly shows that older homes tend to be more affordable. For instance, homes
built before 1960 are within the bottom quartile of house prices in their metro area 28%
of the time, whereas homes built after 2010 are within the bottom quartile less than 13%

of the time.

0.61

0.41

Share of housing within MSA

0.2

<1940 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
Built year (decade)

= Below 25th pctile = Below median
Figure 2.1: Percentage of A [andable Homes by Decade Built (All MSAs, population weighted)

Notes: Data sourced from the Public-Use Microdata Sample (PUMS) of the 2022 American Community
Survey (ACS), a 1% sample of U.S. households obtained through the IPUMS API. The [red and blue bars]
indicate the proportion of owner-occupied homes falling within the bottom 25th and 50th percentiles of
housing values within their Metropolitan Statistical Area (MSA), respectively, categorized by the decade
of construction. Observations are weighted by 2022 MSA population.

Interestingly, this pattern appears to diminish in expensive coastal MSAs. Figure 2.2
replicates the same analysis for expensive coastal cities such as New York, Los Angeles,
San Francisco, and San Diego. In these cities, older homes are less likely to be affordable
(falling below both the 25th and 50th percentiles of housing values) compared to homes
built between 1970 and 2000. This trend may suggest a prevalence of upgrades to older

properties in supply-constrained areas.



New York Los Angeles

06 —_— ——

|

Share of housing within MSA

Share of housing within MSA

01

<1840 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 <1840 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
Built year (decade) Built year (decade)

— Below 25th pctile — Below median — Below 25t pctile — Below median

San Francisco San Diego
06

Share of housing within MSA

Share of housing within MSA

—r— 01 —

<1840 1940 1950 1860 1670 1980 1990 2000 2010 2020 2080 <1840 1940 1950 1860 1670 1980 1990 2000 2010 2020 2080
Built year (decade) Built year (decade)

— Below 25th potile — Below median — Below 25th pctile — Below median

Figure 2.2: Percentage of Alarddable Homes by Decade Built (Coastal MSAS)

Upgrading existing supply, including major renovations and teardowns, has the poten-
tial to significantly reduce the quantity of affordable housing in a city by pushing existing
homes up the quality ladder, in effect destroying existing lower quality homes in order to
raise the supply of new higher quality ones. This upgrading channel interacts with the
new supply channel in crucial ways. When restrictions on new supply raise the equilibrium
price of housing quality, this also increases the incentives for individual homeowners and
flippers to endogenously upgrade existing properties. Such upgrading further reduces the
pool of affordable housing, potentially amplifying the overall effects of supply restrictions.

To better understand these dynamics, we first introduce a simple non-parametric method
for identifying significant upgrades. After identifying the significant upgrades on individual
property, we document the degree of upgrades across U.S. cities and how much it varies
within cities. We also document its impact on the availability of affordable housing in

different regions.



We then develop a simple equilibrium model of a metropolitan housing market, com-
bining and extending features from standard assignment and filtering models (Landvoigt
et al., 2015). The metro housing stock is characterized by a quality distribution, with ex-
isting properties depreciating each period unless endogenously upgraded. New supply can
also be added each period, with quality levels determined endogenously. An equilibrium
price function assigns households to homes based on their willingness and ability to pay,
ensuring that each resident prefers to live in the city at their assigned house quality and
price, rather than elsewhere in the country. Supply decisions are determined endogenously
based on the returns to quality embedded in the price function, as well as varying cost
functions for new supply, major renovations, and teardowns.

Mlustrating properties of the equilibrium through simulations, we demonstrate that
continual depreciation of existing housing stock, along with city demand growth, typically
creates strong incentives for new construction to be added near the top of the quality
distribution. Teardowns, which destroy any existing quality, naturally occur in homes near
the bottom of the existing quality distribution. Once torn down, these homes are generally
replaced with houses near the top of the quality distribution.

These simulations also shed light on the interplay between the upgrading and new
supply channels under various housing demand and cost parameters. In cases where new
supply can be added at a low cost due to lenient building regulations and abundant land
near existing neighborhoods, substantial upgrading of existing properties is rare. This
results in a surplus of older, lower-quality homes available at affordable prices in the housing
market equilibrium. Conversely, when new supply is expensive, upgrading plays a more
substantial role, leading to higher overall prices and a severely limited supply of low-
quality houses. Thus, these simulations demonstrate how endogenous upgrading amplifies

the impact of high construction costs on the availability of affordable housing in a city.

Contribution to Literature. This study contributes to the broad literature on housing

supply, including, but not limited to, Epple et al., 2010, E. Glaeser and Gyourko, 2018,



Albouy and Ehrlich, 2018, and Murphy, 2018.

More specifically, our study is closely related to papers that model housing supply
decisions either from the perspective of individual homeowners deciding when and how
much to build (Murphy, 2018) or from the perspective of developers (Quintero, 2022).
While these studies have focused on new supply, we focus on an alternative form of housing
supply, which includes major upgrades such as renovations and teardowns.

Several studies have documented the patterns and implications of redevelopment in
high-value cities such as Chicago (Ahlfeldt and McMillen, 2018; Dye and McMillen, 2007;
Helms, 2012), Washington, D.C. (Schuetz, 2020), and Miami (Munneke and Womack,
2015). Due to the lack of unified data tracking housing quality changes, most of these
studies have relied on permit data from a single metro area, limiting their analysis to
one city. Our paper is among the first to identify major upgrades at the property level
using transaction prices. We focus on the 50 largest metropolitan areas, but validation of
our measures with property characteristics over time demonstrates that our method can be
used to detect and determine instances of major renovations in any location where repeated
property transaction data are available.

A recent study by Baum-Snow and Han, 2024 used satellite data to identify redevelop-
ment properties, defining them as new properties that originally had median or high pixel
values. The study calculated the number of renovated units by comparing the difference in
existing units over a 10-year period. Our nonparametric method identifies major upgrades,
including both renovations and teardowns (and subsequent redevelopments), treating ren-
ovations as alterations to existing properties. Thus, our definition of renovations does not
change the number of units present in the market. By comparing the relative sales prices of
properties over time, our measure can pinpoint a narrower timeframe for when renovations
or major upgrades occurred. This enables us to capture temporal variations in upgrade
patterns and trends across different types of cities—those with stable growth, declining
populations, and high demand from high-income buyers.

We contribute to the literature on housing demand and supply modeling. The most

7



closely related work to ours is Landvoigt et al., 2015, which examines household preferences
for housing quality in a setting with fixed supply. We incorporate the supply side, allowing
new developers and existing landlords to endogenously determine future housing quality,
based on the costs of upgrades, new construction, and the returns to the quality — the

slope of the price function.

2.2 Data and Descriptive Evidence

Our primary dataset is tax and deed dataset from CoreLogic, a private vendor that collects
data from local taxing authorities. CoreLogic’s deed transfer data includes records of nearly
all property transactions in the United States from the 1990s to 2022. This data provides
detailed transaction information such as the names of the buyer and seller, transaction
amounts, addresses, types of transactions (e.g., resale, investor purchase, short sale), and
sale dates. We focus our analysis on residential properties, especially single-family homes
and townhouses. To ensure that the transaction amount accurately reflects the true market
value of the properties at the time of the sale, we only retain arms-length transactions,
excluding those related to foreclosures, government-to-private party transfers, short sales,
multiple or split parcel transactions, and sales with transaction amounts in the top 1% or
bottom 1% within the CBSA. Additionally, We exclude properties that had multiple sales
within a day, and more than three transactions in a year.

CoreLogic’s tax assessor data contains assessed records of nearly all existing properties
in the United States from 2007 to 2022. This data includes detailed property attributes
such as, but not limited to, building square footage, lot size, number of bathrooms, year
built, and land/structure assessed values. Using unique property id in each dataset, we
combine the two dataset and create a panel of housing transaction datasets with the most

up-to-date tax-assessed information by the time of transaction.!

1 We match the transaction year to the assessed year if property assessment information is available
for that year. If not, we match it to the earliest assessed year following the transaction year. For new
properties, since assessment data is unavailable for the transaction year, we use the tax assessor data from
the subsequent year.



2.2.1 Major Upgrades

We now introduce a simple non-parametric method for identifying major upgrades using
the difference in relative sales prices of homes within the zip code over time. This inference
is based on the assumption that significant changes to residences would be reflected in
later sales prices. Consequently, if a property undergoes significant upgrades at any point
between two transactions, the later transaction price will exhibit a notable increase relative
to the previous tranasaction price. Let T denote the present transaction date and T"denote
the date of the immediately preceding transaction. Let t and t“represent the years of these
corresponding transaction dates. We examine the percentile ranking of properties within
a zipcode in year t relative to their percentile ranking within the same zipcode in year tY
We identify properties as having undergone major upgrades if they exhibit a change of 0.3
or more in percentile ranking over this period.?

By definition, only properties that appear at least twice in the deed data can be flagged
as having major upgrades. We do not define percentile changes for zip codes with fewer
than 80 transactions within a year, as the percentile ranking of transaction prices may not
accurately reflect the true position of properties in zip codes with insufficient transaction
data.

While adding rooms or expanding the home, alter the square footage or number of rooms
and can be reflected in transaction or tax records, improving kitchen space, bathrooms,
or flooring—features that are rarely captured or publicly available to econometricians—
can also significantly enhance the quality of a property.® As we use transaction data, our
measure of major upgrades captures changes in housing structures and characteristics that
are reflected in market prices but may not be evident through observable variables in our

data.

2 In other words, let F,¢ represent the cumulative distribution function (CDF) of transaction prices in zip
code z in year t, and let pj: represent the transaction price of property i at time t. Property i has major
upgrades if Fz¢(pit) — Fzv (Piv) = 0.3.

3 Major upgrades may also involve installing advanced humidity control systems or custom closet, which
are di Ccult to observe in housing assessments or transaction data and hard to standardize even when using
the most detailed listings data.



Figure 2.3 shows that properties categorized as having major upgrades have thicker

right tails in the distribution of changes in square footage or the number of bedrooms.

Fraction
Fraction

0 0

0-200 >200 <1 0 1 >2

<200 -200-0 0
Change in Sqft Change in Number of Bedroom

(a) Change in sqft (b) Change in number of bedrooms
Figure 2.3: Changes in Property Characteristics
Notes: Changes in square footage and the number of bathrooms for properties with major upgrades com-
pared to those without major upgrades are shown. The changes in square footage and the number of

bedrooms reflect any modifications recorded in the property characteristics from the tax assessor data
between the preceding sale and the most recent resale.

Additionally, by comparing price changes within zip codes, our measure isolates physical
changes specific to individual properties from general neighborhood-wide price apprecia-
tions. This ensures that our analysis leverages variations in transaction prices induced by
property-specific upgrades, rather than by changes in neighborhood amenities that affect
all properties, such as the addition of a new bus line or the creation of a nearby park.

To verify this, we analyze how the sale prices, land assessment values, and physical
assessment values of properties with major upgrades change relative to those without up-
grades. The tax assessor data provides a breakdown of total property value into improve-
ment value and land value. Theoretically, any structural improvement should be reflected
in the improvement value rather than the land value at the time of a subsequent sale. If our
measure of major upgrades accurately captures changes in a property’s physical attributes,
only the improvement value of upgraded properties should differ, while their land value
should remain similar to that of otherwise comparable properties.

We begin by comparing the changes in transaction prices from its previous transaction
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between properties that underwent major improvements and those that did not.
For home i in cbsa ¢ transacted at year t, we run the following regression:
109 (Yict/Yicto(iy) = & + BL(MajorUpgrade) + iy t,to¢) + G

where 10g(Yict/Yicto(i)) represents the percentage change in a property’s sales price relative
to its most recent transaction at O,y represents region, original sale year, and current
sale year fixed effects, controlling for trends in the regional housing market. Our coefficient
of interest, 3, measures the difference in appreciation rates between homes that underwent
major upgrades and those that did not. We estimate this effect using fixed effects at varying
levels of granularity — from CBSA to ZIP code to block group. In our most saturated
specification, we regress the change in a property’s sale price on a major upgrade indicator
while controlling for block group and years fixed effects. This specification compares changes
in sale prices between nearby properties with similar amenities, transacted in the same year
and their previous transaction year, ensuring they experienced similar changes in amenity
values over time — except that one underwent a major upgrade while the other did not.
We then repeat this regression using the changes in a property’s physical assessment values
and land assessment values.

Figure 2.4 reveals that properties with major upgrades on average have a 50 percent
higher appreciation rate in transaction prices compared to comparable properties in the
same block group, and about 15 percent higher appreciation in assessed improvement
values. For land values, after controlling for the trend in the finest geographical region,
there is a statistically significant but very small difference (1.8 percent) in the appreciation
rate between properties with major upgrades and other resale properties. Although small in
magnitude, these statistically significant differences in assessed land improvement values
may reflect that (i) structural changes to buildings may have increased the property’s
overall value, and (ii) major upgrades often include improvements to outdoor spaces, which
can be reflected in the land value. Figure A.1 in Appendix further validates our measure
of major upgrades using the variable ‘effective year built’ in Corelogic data. We see that

properties that are sold after the change in the effective year built are more likely to be
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Figure 2.4: Estimates of 8

Notes: Each panel is constructed using the following procedure: (i) regress the log dilerknce variable of
interest (sale price, total assessed value, improvement assessed value, land assessed value) from the last
transacted value on the indicator that the property experienced a 0.3 or greater increase in the empirical
cumulative distribution function (CDF) of relative sale prices within the zipcode (referred to as Flipped),
with CBSA-year fixed e[edts; (ii) plot the coe [ciehts on the Flipped dummies. Thus, each point in the
panel represents the relative dilerknce in the variable of interest’s change between flipped and unflipped
properties. The sample includes 5.9 million resale transactions in the 50 largest CBSAs that have di [erknt
last assessed years compared to the transacted year. For sale prices, fixed e [edts comprise the interactions of
geographical regions and pairs of transacted years. For assessed values, fixed e [edts involve the interactions
of geographical regions and pairs of assessed years. Standard errors are clustered at the CBSA level.

classified as properties with major upgrades.

2.2.2 Patterns of Major Upgrades

In this section, we establish four key facts on where the major upgrades happen and their
implications to affordability.
Fact 1: Major upgrades happen more in the cities where the new supply is restricted

Figure 2.5 compares the share of properties with major upgrades at the CBSA level to

12



the share of new properties added over the decade and to the metro-level housing supply
elasticity as measured by Saiz, 2010. The share of properties with major upgrades is defined
within resale properties—those that appear in the transaction data at least twice—since
our measure of upgrades can only be applied to resale properties.

Both comparisons indicate that cities with more supply restrictions — evidenced by
fewer new properties added over time and lower housing supply elasticity — tend to have a
higher share of properties with major upgrades. In historical coastal cities such as Boston,
New York, or Los Angeles, where expanding housing stock through new developments is
challenging, homeowners or developers may focus more on upgrading existing properties.
Additionally, limited supply increases the equilibrium price of housing quality, making
property upgrades a financially viable option for homeowners. However, cities where hous-
ing supply is more elastic, such as Houston, Dallas, and Atlanta, tend to have fewer housing
upgrades, as the ability to readily expand the housing stock can accommodates the existing

or rising housing demand without necessitating the upgrades to existing properties.

S

vvvvvvv

Share of Flipped Properties
8
Share of properties with major upgrades
°
8

,,,,,,, Hie k e b
06 ©l
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0 1 2 3 1 2 3 4
Share of New Properties Housing Supply Elasticity (Saiz)
(a) Amount of New supply (b) Housing Supply Elasticity

Figure 2.5: Major Upgrades and New Housing Supply

Notes: This figure presents the CBSA-level share of properties against new housing supply measures for
the top 50 CBSAs in 2010-2019 period. Each dot represents a CBSA, with the names of major cities shown
for the top 20 CBSAs. The share of new home sales is defined as the proportion of newly added properties
among all homes present in the tax assessor data in the last year of each decade. Appendix table A.1
displays the share of properties with major upgrades by all CBSAs included in this graph.

Fact 2: Major upgrades happen more in the cities where the land value is higher.

Figure 2.6 compares the share of properties with major upgrades at the CBSA level to
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two measures of land values: the median assessed land values of CBSAs and the median
land share of house value. We use the median assessed land values for each CBSA, as
well as a scaled version representing the proportion of land values among the total house
assessment values. Both figures indicate that cities with higher land values exhibit a higher
share of properties with major upgrades. Higher land costs represent higher fixed costs
of building new structures, and these pressures homeowners and developers to prioritize

upgrading existing homes rather than expanding new housing supply.

Gwsoe - emwe seRwse. O e SR

Share of properties with major upgrades
8

Share of properties with major upgrades
°
8

log(Assessed Land Value) Land Share of House Value (Assessed)

Figure 2.6: Major Upgrades and Land Values

Notes: This figure illustrates the share of properties with major upgrades at the Core-Based Statistical
Area (CBSA) level alongside the corresponding land values for the top 50 CBSAs from 2010 to 2019. Each
data point represents a CBSA, with major city names provided for the top 20 CBSAs. The log(Assessed
Land Value) is computed using the median land assessed values of Single Family Homes for each CBSA in
the 2015 tax year. The land share of house value is calculated by the median ratio of assessed land values
to the total housing values (the sum of assessed land values and assessed structure values) for the 2015 tax
year.

Fact 3: Major upgrades happen more in places closer to the central business district.

The intensity of major upgrade exhibits great variations across neighborhood within
the metro area. Figure 2.7 illustrates the variations in the share of properties with major
upgrades at the zipcode level within four representative CBSAs. These maps reveal that
zipcodes closer to the city center, where land prices are higher, exhibit a greater intensity
of renovations and upgrades compared to those on the periphery. Figure 2.8 confirms this
pattern by analyzing the largest 50 CBSAs in the United States. Properties located in the

central business district (CBD) are generally more than twice as likely to undergo major
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upgrades compared to those located at halfway to the urban fringe. This decline is more
pronounced in cities with a well-defined city center and a concentrated working district.
For example, both Los Angeles and Dallas show a steep decline in the likelihood of major

upgrades as the distance from the CBD increases.
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Figure 2.7: Within CBSA variations in share of major upgrades

Notes: Zip code-level share of properties that experienced major upgrades for four CBSAs from 2010 to 2019.
The share of properties with major upgrades is defined as the proportion of properties that experienced a
30% or greater change in relative transaction prices within the zip code among properties that appear in

the deed data at least twice.
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Figure 2.8: Probability of Major Upgrades on Distance to CBD

Notes: This figure displays fourth-degree polynomial plots of the actual predicted probabilities of major
upgrades against the fraction distance to the central business district (CBD). The CBD is defined as the
point adapted from the 1982 Census of Retail Trade (Holian, 2019). The fraction distance to the CBD is
defined as the ratio of the distance to the CBD to the distance from the CBD to the CBSA boundary. Since
cities may expand or shrink over time, this fraction is calculated annually. The predicted probabilities of
major upgrades were obtained by regressing the major upgrade indicator on the fraction distance to the
CBD, with CBSA x year fixed e [edts at the property level.

Fact 4. The major upgrades of existing properties ampli es housing una ordability more
in less a ordable cities.

The teardowns and renovations of existing properties shift the price distributions in
neighborhoods, making some properties that were originally affordable unaffordable. We
quantify the percentage of lost affordability due to major upgrades for each CBSA.* Figure
2.9 plots the CBSA-level percentage of affordable properties and the percentage of these
properties that are no longer affordable due to the upgrading channel. We find that less

affordable places are more affected by this upgrading channel, further impacting afford-

4 Appendix A.2 describes how we categorize alofdable properties and provides summary statistics of
al[andability for the 50 largest CBSAs.
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Figure 2.9: CBSA-level alandability and percent lost due to upgrades channel

Notes: This graph shows the CBSA-level share of alafddable homes and the share of homes lost due to
the upgrade channel in 2015. A [ondable homes are defined using a 30 percent debt-to-income ratio. The
share of homes lost due to the upgrade channel is calculated by identifying properties that, after upgrading,
are no longer considered alardable. This is determined by dividing the number of such properties by the
total number of aladdable homes in each CBSA. The calculation includes only properties with previous
transaction records and zip codes that had at least 80 transactions in both the current and previous years.
| repeat the same analysis for the major county in the dt

ability.

2.3 Model

In this section we develop a simple assignment model with a supply side to study the
dynamics of housing supply, housing prices, gentrification, and a variety of potential policy

prescriptions aimed at increasing housing affordability.

2.3.1 Housing Assignment

We model the demand for housing using an assignment mechanism. Similar to Landvoigt

et al., 2015, a group of potential residents with wealth w [H faces a distribution of
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inventory of available houses G. Houses come in a variety of qualities with distribution h.
This quality index is that is a single-dimensional. Each house of quality h trades at price
p(h) and each potential mover purchases only one house.

Potential movers with wealth W enjoy utility from housing quality h and consumption
of numeraire goods €. Each mover enjoys the utility of living outside city Uy, a random
variable that depends on their wealth level and a random shock, which captures their

amenity value of living in this city. We parametrize the utility function as:

u(c, h) = log(c) + Blog(h)

subject to the period budge constraint

c+ph)=w

Housing Price Function. The price equilibrium price function is characterized by the
first-order condition for the households that gets any homes in the city assigned. Different
to standard aggregate approaches, in assignment models houses are priced by different

marginal investors. The first-order condition for the household problem is

p'thyh = 8(w — p(h)) (2.1)

This says that a household with wealth level w must be indifferent between purchasing a
slightly higher quality house at the expense of spending less on other goods and purchase
a house of quality h at price p(h). Because of diminishing marginal utility of consumption,
households with higher wealth will pay more for housing. Thus higher quality houses are

allocated, on average, to wealthier potential movers.

Location decision. Given house prices, p(h), a potential mover chooses to purchase a
home and live in the city only if their utility from doing so exceeds their outside option

from living elsewhere. This is given by the following condition:

mﬁx u(h,w — p(h)c) > Uy (2.2)
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The number of movers may differ from the number of available inventory, creating either
excess demand or supply of housing in a city. Under constant outside utility, if the number
of movers exceeds the number of available inventories (excess demand), only the movers

with the highest net utility will enter the city.

2.3.2 Housing Supply

The supply side of the model is a filtering model in which existing homes (structures) nat-
urally depreciate over time and are subject to various forms of renewal from incremental
renovation to a complete teardown. Existing vacant properties, along with those made
vacant through a teardown, can be used for adding new supplies. We begin by charac-
terizing the optimal supply decision while abstracting from two issues: (i) the possibility
of subdividing existing properties and/or building multi-family buildings, (ii) dynamic

decision-making.

Basic Setup In each period, homeowners make decisions to (i) renovate homes, (ii)
teardown and build new homes, or (iii) do nothing given existing prices, p(h). Barring
renovations or new constructions, housing depreciates at a constant rate 6 plus an idiosyn-
cratic rate Voq. There is also a set of potential homebuilders who may or may not enter the
market in each period based on the construction costs and the expected payoffs.

Let h be a continuous single-dimensional index of the quality of an existing single-family
structure/home and | index properties - i.e., existing and potentially buildable land/lots in
a metro area (city). We normalize h = hg if the lot is empty, noting that h < hg captures
the idea that the structures on some properties have negative value in the sense that they
would need to be cleared (at some cost) to return the property to a vacant lot. Barring

renovation, we assume housing depreciates at a rate 0 + Voq.

Housing Cost Function. A heterogeneous cost function C() captures differences in the

cost of adjusting the quality of the structure from h to hHon a given property I, as a
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function of the type of supply adjustment used - i.e., renovation (r), teardown (t), and/or
new construction (n). We parameterize C() to accommodate heterogeneity in costs along a
number of important dimensions including: (i) incremental renovation vs. new construction
(we expect the latter to be cheaper) (ii) the cost of clearing the existing structure and
preparing the lot as part of a teardown project. This heterogeneous cost function of

changing existing houses of quality h to a new quality hHis given by the following function

1

Esod + (C1r + vir)(hH=h)Y, if renovate
c(h,hfr,t,n,y) = + (C1t + Vi) (h™= ho)Y if teardown

%ﬂ + Vonp) + (C1n + Vin)(h™= hg)Y if new construction

can be used to capture all the features described above. Notice that the cost functions vary
by the type of construction (renovation, teardown, and/or new construction on a vacant
lot) and that there is both a fixed and variable cost for each. A fixed cost of renovation and
teardown will prevent existing homeowners from adjusting house quality each period, and a
fixed cost of new construction prevents builders to build an infinite number of new housings
each period. We parametrize such that Cor < Cot < Con. The fixed cost of the teardown
is bigger than the cost of renovation, encompassing both demolition and subsequent new
construction. Similarly, new construction incurs higher fixed costs compared to teardown
or renovation, attributed to additional regulatory expenses like zoning, permitting, and
infrastructure establishment. Conversely, the new construction has lower variable costs
due to the streamlined process executed by homebuilders, while the renovations have the
highest (C1r = C1t = Cqn). V1ir1 and Vyy are idiosyncratic cost shocks to the variable costs of
the renovation and teardown for each existing property |, resulting in landlords choosing
different quality of homes upon renovations or teardown. Vgy, are idiosyncratic cost shocks
to the fixed costs of new construction across builder b, preventing some builders to enter

the market. [Vin]
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In each period, homeowners maximize profits subject to the above adjustment cost

functions. The profit from renovating a property with quality h is
e (h) = max(e(h = cor = (ear +var)(h™=h)Y) 23)

Similarly, the profit from tearing down and building a new structure a property with
quality h is

me(h) = mhan(p(h§ — cor — (Cat + Vau)(h™=ho)Y) (2.4)
The profit from doing nothing is
mo(h) = p(h — (3 + vor)) (2.5)

After the shocks (Vir1, V1tl, Vo) are realized, the existing owner of property | with current

housing quality h chooses options solving

mat fi ) T @9

abandon 4 nothing renovate teardown

The profit for the builder upon building housing quality q s
5= max(p(h = (Gon + Vons) = (e1n + Vin)(h™= ho)") 2.7)
After the shock vgpyp is realized, the builder will choose whether to build or not by solving

max[ fp: Iﬁ] (2.8)

Not build Build
Equilibrium Definition Given a distribution of potential movers’ wealth F¢(), housing
qualities G¢(), and the time-invariant cost parameters {cor, C1r, Cot, C1t, Cot, C1t}, @ Station-
ary equilibrium is a set of decision rules of households, homebuilders, as well as pricing

functions p¢() s.t.

1. Given the distribution of wealth F¢() and housing qualities G¢(), potential homeown-
ers maximize utility for housing, non-durable consumption and location following

eqns. 2.1, 2.2. p(h), ¢, h are the associated policy functions.
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. Given prices p(h) and housing qualities G¢(), existing homeowners maximizing profits,

solving eqns. 2.3, 2.4, 2.5 and 2.6

. Given prices p(h) and housing qualities G¢() and the measure of potential movers,

builders solve eq. 2.7 and 2.8

. The housing and goods market clears

. The market for housing quality and invariant pricing functions are:

1 1
G(h) = (h— (3 + voq))1(nothing)dG(h) + r¢h)1(renovation)dG(h)+
1 1

t'¢th)1(teardown)dG(h) + n'(h)1(enter)dB (b)

where
rith) = argmaxp(h = cor — (e1r +vin)(h™= )"
t'th) = argmaxp(h’) — cor = (cat + Via)(h' = ho)Y

n'th) = arg max p(h% — (con + Vonb) — (C1n + Vinp) (h™— ho)Y

The housing pricing function is stationary: pi() =p [T

2.4 Model Result

In order to provide intuition for the model’s equilibrium, we start with a simplified version

where the outside option of potential buyers is constant and equal. We study how the

housing stock and prices evolve in worlds with and and without new supply.

2.4.1 Parameter values

In year t = 0, there are Ng = 1200 potential movers to the city with wealth level drawn

from F(w) [U[2,3.2], and Ng = 1000 housing units with housing quality drawn from

G(h) [1[1,2]. We parametrize the baseline cost functions as follows: Cor = .3,Cot =

.6,con [CUI(1,6),c1¢ [CT(.25,.75),cqr [CT(5,1.5),c1n [CWA(.2,.4), and the number of
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potential builders is set Ny = 1000. The parameter 0 is defined as 0.03 + 0.01[Iwhere [k
drawn from a truncated normal distribution centered around zero and bounded within the
range of -3 and 3.

Each mover possesses a constant outside option Uy equal to 0.70. This simplifying
assumption (that we will relax shortly) allows us to neatly characterize the equilibrium.
First, because potential buyers’ choices are separable, they first decide their optimal al-
location between housing and consumption good given that they move into the city, and
then compare the indirect utility to the outside option and decide whether to move. Sec-
ond, because of monotonicity, the outside option only matters for the marginal mover, the
household who buys the lowest quality house sold. Given a constant outside option, this
will be the poorest potential mover. This household pins down the lowest priced home
and serves as a boundary condition for the ODE that determines the equilibrium pricing

function.

2.4.2 Varying Demand for City

We simulate the model in three scenarios: (i) a city experiencing declining demand, with a
5 percent decrease in the number of movers each year; (ii) a city with stable demand, where
the number of movers remains constant each year; and (iii) a city facing rising demand,
with a 5 percent increase in the number of movers each year for T = 20.

In Figure ??, the decision rules of landlords —teardown (red), renovation (green), and
depreciation without action (blue) — are shown across housing quality index. The x-axis
represents the housing quality index, ranging from 0 (lowest) to 300 (highest h). While
the full simulation includes approximately 1,200 quality levels, we display only up to the
300th quality to highlight the relative thresholds at which abandonment, depreciation,
renovation, and teardown occur. The y-axis represents the period simulated from t = 0 to
t = 20. In all cities, teardowns (red) are prominent at lower housing quality levels, while
renovations (green) are more common at higher quality levels.

Figure 2.11 displays property composition by new supply (yellow), abandonment (pur-
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ple), teardown (red), and renovation (green). In a city experiencing declining demand,
property abandonment becomes more noticeable after a few time periods because declin-
ing property prices make both renovations and teardowns financially unviable. This aban-
donment predominantly affects lower-quality properties. In cities with constant demand,
property abandonment may occur, driven by an increase in property supply that pushes
prices down. Conversely, in a city with growing demand, both teardowns and renovations
are more common as higher property prices motivate landlords to invest in upgrading

properties to higher quality, which results in greater profitability.

Abandoned
Depreciated
Renovation

Teardown

Abandoned

Depreciated
Renovation

Teardown

Abandoned
Depreciated
Rencvation

Teardown

0 50 100 150 200 250 300

Figure 2.10: Decision Rules of Landlord

Notes: This figure illustrates the decision rules of landlords are shown for a city with decreasing demand
(top), stable demand (middle), and increasing demand (bottom). The x-axis represents housing quality,
with lower values indicating lower-quality housing and higher values indicating higher-quality housing. The
colors represent di[erent decisions: teardown (red), renovation (green), and depreciation without action
(blue).

Figure 2.12 illustrates the equilibrium housing quality distributions after a 20-year
simulation period. In a declining-demand city, only higher-end homes persist, while lower-
end homes are either abandoned or renovated. In the current setup, a city with constant
demand also lacks lower-quality homes due to new constructions pushing prices down,

rendering bottom-end housing unprofitable. In a city with increasing demand, housing

variety expands, as even the lowest quality homes remain profitable. As this distribution
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Figure 2.11: Property Composition from the Landlord Decision
Notes: This figure illustrates the number of properties resulting from teardown (red), renovation (green),
new construction (yellow), and depreciation (blue). The composition of properties is shown for a city with
decreasing demand (top), stable demand (middle), and increasing demand (bottom). The x-axis represents
the cumulative number of homes.

is highly dependent on the cost parameters, the next section examines varied scenarios by

altering these costs.
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Figure 2.12: Quality Distribution and Price Function at t = 20
Notes: The left panel shows the Housing Quality Distributions for a city with decreasing demand (top),

constant demand (middle), and increasing demand (bottom). The right panel displays the price functions
att =20
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Figure 2.13: Price Function with Varying outside option

Notes: This figure illustrates how outside options and new supply aledt housing prices. On the left, the
outside option is 0.70, while on the right, the outside option is 1.5.

2.4.3 Role of new supply and outside options

Figure 2.13 provides a comparative analysis of house prices under different conditions of
urban desirability and housing supply strategies. The left panel of the figure illustrates the
scenario where the outside option is 0.7, indicating high urban appeal and consequently,
strong demand for the city. Conversely, the right panel shows the scenario when the outside
option is 1.5, where living outside the city is more attractive, reducing the demand for living
in the city. In each case there are 1,000 existing homes and 1,200 potential buyers of homes.
Unsurprisingly, making the city more desirable results in higher house prices as the influx
of potential buyers includes wealthier individuals who are able to pay premium prices, thus
raising the overall market prices due to upward binding incentive constraints.

Each panel further divides into sub-panels showing the effect of adding new housing
supply versus options limited to teardowns or renovations of existing homes. The analysis
clearly demonstrates that increasing the housing supply effectively lowers house prices,
offering a relief to the upward pressure on prices seen in scenarios with restricted housing
options. Figure 2.14 further shows the the CDF of home quality when new construction is
allowed first order stochastically dominates the CDF of home quality when only renovations

and teardowns are allowed. In other words, allowing for new supply leads each household
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to have higher welfare as they pay less for a higher quality house.

CDF of House Quality, with and without Builders
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Figure 2.14: CDF of housing quality

Notes: This figure shows the cumulative distribution of housing quality, comparing scenarios with and
without builders.

Figure 2.14 illustrates the equilibrium housing quality distributions after a 20-year
simulation period. In a declining-demand city, only higher-end homes persist, while lower-
end homes are either abandoned or renovated. In the current setup, a city with constant
demand also lacks lower-quality homes due to new constructions pushing prices down,
rendering bottom-end housing unprofitable. In a city with increasing demand, housing
variety expands, as even the lowest quality homes remain profitable. As this distribution
is highly dependent on the cost parameters, the next section examines varied scenarios by

altering these costs.

2.5 Conclusion

This chapter underscores the empirical importance of the upgrading channel on the avail-
ability of affordable housing. By its nature, the upgrading channel effectively adds high-

quality supply at the direct expense of currently affordable housing in the metro area. Im-
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portantly, this channel plays a critical role in amplifying the consequences of new supply
restrictions. The findings carry significant policy implications for addressing the affordable
housing crisis, emphasizing the necessity of comprehending and effectively managing the

upgrading channel within metropolitan housing markets.
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3

Financial Frictions and Pricing Decisions
of National Homebuilders

3.1 Introduction

Over the past two decades, there has been a notable expansion of US national builders into
various geographical regions. Housing markets in the United States have historically wit-
nessed local builders performing well in each geographic market because of their adeptness
in dealing with region-specific regulations and collaborating with local contractors. Given
that local norms strongly controls construction process, what advantages do homebuilders
gain from operating across many geographic markets?

This paper suggests that one crucial advantage of multimarket builders lies in their
risk diversification across local markets. Diversification matters in this sector because
of long lags between planning and completion, and unique cycles across different local
housing markets. Local demand for construction projects may vary over the extended
period between their start and completion dates. In particular, when there are severe and
abrupt downturns in the housing market, it can lead to a surplus of completed homes that
are hard to sell and put a strain on builders’ cash flow. In the presence of borrowing
constraints, local builders often resort to fire sales to regain liquidity, whereas national
builders with diverse portfolios can adjust prices in less affected markets and hold onto
existing inventory until the depressed market recovers.

The rise of national builders may lead to the consolidation of new-home market shares,

with a few major players dominating each local market. National builders’ capacity to
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manage financial constraints further strengthens their short-term cost advantages over
local competitors in depressed markets, allowing them to maintain price markups.

The preceding arguments address the channels through which national builders benefit
from their geographic diversification, yet there is little empirical evidence of its quantitative
importance. This paper presents a novel structural framework that characterizes how the
interdependent pricing decisions of national builders of single-family homes in each market
are influenced by financial frictions and local market structure, finding that geographical
diversification allows them to use other markets as buffers to withstand local economic
shocks. I start by constructing a basic analytical model to emphasize primary factors
influencing the diversification benefit for national builders. This benefit hinges on the
correlation structure of market-specific shocks and the degree of firm financial constraints.

I then present motivating empirical facts supporting that national builders actively
used their pricing strategies to cope with local market downturns during the housing bust
following the Great Recession, from 2009 to 2012. First, I find that builders adjusted
prices in response to losses from other markets where they operated: An average 10 percent
decrease in the housing price in one market led builders to lower their sales prices by 3
percent in another market compared to other national builders. Second, builders operating
in highly concentrated markets or markets with large own-market shares reduced prices to
a lesser extent in response to these shocks. Third, more geographically diversified builders
and those with fewer finished homes offered smaller discounts in response to the negative
shocks. Finally, builders with higher levels of net debt had lower sales prices, with an
18 percentage-point difference in price adjustment between builders with the highest and
lowest net debt leverage ratios, compared to the average of a 3 percent price reduction.
These findings underscore the significance of considering builders’ financial positions and
market structures for their pricing decisions.

I then propose an equilibrium model of multimarket builders’ pricing decisions to quan-
tify the equilibrium effect of financial frictions and to conduct simulations. My model takes

into account not only within-market competition with existing homes and other builders
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but also curvature of the preference over cash flow, which depends on the current-period
revenues from home sales across all markets of its operation. National builders, endowed
with finished home inventories and the inventory expenditure, set sales prices in each local
market to offload the existing inventories of finished homes and generate cash flow.

These builders incur a convex cost of external financing when their cash flow from
new home sales can not cover existing debt obligations, reflecting the concept that holding
excessive debt becomes increasingly expensive in terms of borrowing costs for builders.!
Additionally, their pricing decisions are driven by the trade-off between the extra financing
costs and the expected price appreciation of their housing inventory in the next period:
they can either reduce prices to increase cash flow in the current period at the cost of
sacrificing future profits or keep prices high and sell more in the next period at the cost of
sacrificing cash flow this period. Consequently, builders operating in markets with higher
expected future prices have less incentive to reduce their sales prices. My model parsimo-
niously captures this tradeoff by estimating the dollar value of the remaining finished home
inventory in a reduced-form way.

Furthermore, oligopolistic builders base their pricing decisions on the competitive land-
scapes in each local market where they operate. The impact of market-specific demand
shocks on cash flow depends on a builder’s pricing power in the local market. Builders
operating in markets with higher markups, resulting from lower competition from local
builders or existing homes, enjoy higher cash flow, which, in turn, lowers the cost of hold-
ing external capital. This reduced cost of external capital also allows them to achieve
better prices in their other markets of operation.

I next estimate the key primitives of this model. These key parameters include two

distinct sets of supply-side parameters — 1) the curvature of builders’ preference over cash

1 This specification closely resembles those in Gomes, 2001 and Hennessy and Whited, 2007, both of which
model the quadratic cost linked to raising external equity. Microfoundations for this model are discussed
in Krasker, 1986; Myers and Majluf, 1984 and are empirically proved in Asquith and Mullins Jr, 1986. My
specification addresses broader scenarios by directly estimating the curvature of preference over cash flow,
without relying on specific assumptions about frictions such as debt constraints, risk aversion, or the convex
cost of raising external equity.
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flow, characterized by the convex cost of holding external capital, and 2) expected valua-
tions of unsold inventories across individual markets — and one demand-side parameter —
the price elasticity of demand for builders, characterizing the residual demand curve for
new homes. I first estimate elasticities of homebuilder demand following Berry (1994) using
transaction-level data, from 2009 to 2012, which provide direct information on the sales
volume and product attributes of builders in each market. To account for the endogeneity
of builders’ pricing decisions with unobserved quality, I exploit the differential severity of
the collapse in U.S. local housing markets during the Great Recession. Specifically, I in-
strument builders’ sales prices by the weighted average of local-level Zillow Home Value
Index changes in which the builder operates outside the market of analysis. The idea is
that builders experiencing a negative change in the value of portfolios from other markets
are more likely to charge lower prices in an unaffected market to raise liquidity lost from
markets with weaker demand. Indeed, I find that an average 10 percent decrease in the
housing price in one market leads builders to lower their sales prices by 3 percent in another
market.

The demand estimates confirm that consumers are very price sensitive. A one percent
price decrease raises builders’ market share by 2.7 to 3.4 percent. This elastic demand
implies that lowering prices does indeed help builders generate more cash flow. The supply-
side parameters are jointly recovered by the tractable first-order conditions of the firm’s
pricing decision. I use the variation in debt load and average sales prices in each market
of operations from the panel data of publicly traded homebuilders. The idea is that, for
builders operating in the same commuting zone producing similar types of homes, the
variation in sales prices in a given quarter can be attributed to the variation in their need
to generate cash flow, characterized by their net debt level. Furthermore, these builders
share the same expectations regarding the values of the unsold inventory.

Using the estimated parameters from the model, I quantify the importance of key
mechanism in my model — the increasing costs of holding external capital. I first simulate

a no-financial-frictions equilibrium in which all builders have access to an unlimited amount
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of external capital, relieving them of any urgency in the need to generate liquidity in the
current period. I show that public builders had to forgo 20 percent of their profit margins
due to external capital costs during the 2009 to 2012 period.

I conduct counterfactual experiments to assess how geographical diversification affects
builders’ responses to local market downturns. I begin by changing the number of markets
in which builders operate. I simulate this change by matching the total market shares of
national builders in each scenario to the average market share of these builders from the
data, thereby preventing local market power from affecting the results. I also assume that
builders are initially equal in terms of their dependence on external capital. Using the
parameters estimated from the dataset of public builders, I find that an average public
builder was able to sustain a 2.5 percent price premium during the Great Recession period,
solely due to geographical diversification. These geographically diversified builders could
command better prices not only in markets affected by adverse demand shocks but also in
markets unaffected by such shocks.

I also use the model to investigate how market structure influences pricing decisions
made by builders. I compare the recent scenario of the mortgage lock-in effect, which
increased the relative market shares of new housing transactions, to the market struc-
ture from 2009 to 2011, which had higher existing housing transactions due to foreclosure
properties. I find that a threefold increase in the overall national builders market share
results in 2.4 percent higher prices, under the estimated cost of external financing. These
price responses were also affected by the quadratic costs of external financing, with no
such cost predicting almost no increase in the builder’s average price. These results un-
derscore the importance of taking into account external financing frictions when assessing

the consequences of increasing local market power.

Contribution to Literature. My paper improves our understanding of corporate home-

builders’ decisions, which have been understudied despite their significant role in new home
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construction and neighborhood development.? In a closely related study, Van Straelen,
2023 uses transaction data and shows that builders with greater precrisis exposure to bust
areas sell homes in unaffected areas at a discount as a means to quickly raise cash. While
utilizing a similar empirical strategy to present motivating evidence, this paper further
focuses on the advantages of diversification in light of the localized shocks experienced
by national builders. Building upon the fact that builders’ pricing decisions are intercon-
nected across the market, I illustrate the mechanism by proposing a structural model that
endogenizes the level of external financing by the revenues generated by home sales. My
model thus allows me to quantify how local market downturns affect each builder’s profits
not only in the other markets of operation but also in the a ected market, which was im-
possible in the previous study because of the author’s construction of shocks by means of
the leave-one-out estimator. As a result, I can quantify the aggregate equilibrium impact
of these shocks on the builders’ overall profit margin.

This study also complements a broad literature on housing supply summarized in E.
Glaeser and Gyourko (2018).> While many works have recovered housing price sensitivity
by estimating parameters for neighborhood choice models (Anagol et al., 2021; Bayer et al.,
2007, 2016; Song, 2021), there has been no research estimating builder-level preferences. 1
estimate the demand faced by new homebuilders and quantify the market power of these
builders in each commuting zone, marking the first attempt, to the best of my knowledge,
to model the pricing decisions of builders and the choices of buyers in the context of
oligopolistic product markets.

On the supply side, in contrast to previous works that treat housing supply as perfectly

competitive or homogeneous and estimate a simplified production function (Albouy &

2 In the first half of 2023, new housing transactions comprised 17 percent of all housing transactions
(National Association of Realtors, 2023; U.S. Census Bureau, 2023). Notably, the top 10 builders were
responsible for over 34 percent of these new home transactions (The Builder Megazine, 2023).

3 Many studies have explored potential causes of housing supply restrictions, such as land shortages (Saiz,
2010) and land use regulations (E. L. Glaeser et al., 2005; Gyourko et al., 2019; Hsieh & Moretti, 2019), by
treating the housing supply as perfectly competitive or homogeneous and estimating the housing production
function (Albouy & Ehrlich, 2018; Epple et al., 2010; Murphy, 2018).
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Ehrlich, 2018; Epple et al., 2010; Murphy, 2018), I enable heterogeneous builders to set
prices taking into account not only the market condition but also the necessary cash flow to
be generated. To account for the cost associated with holding external capital, I build upon
theoretical work on pricing decisions under capital imperfections, as studied by Chen et al.
(2020), Chevalier (1995), and Hendel (1996), in two significant ways. First, I expand the
model to encompass multimarket firms, whose cash flow is influenced by sales revenue from
all local markets of operation. Second, I incorporate a quadratic cost of external capital,
building upon the work of DeAngelo et al., 2011; Gomes, 2001; Wang et al., 2022. This
extended model allows me not only to assess the cost of raising external capital but also
to quantify the inventory holding values for each local housing market over time, closely
reflecting the localized and time-varying character of inventory values. The estimates from
the model lay the foundation for my examining various counterfactual scenarios, including
ones related to rising builder concentration, as elaborated upon by Quintero, 2022 and
Ahluwalia et al., 2022. Furthermore, my counterfactual exercises provide valuable insights
into the competitive landscape of new housing provision, including the recent scenarios
characterized by an increasing influence of new homebuilders attributable to mortgage
rate lock-in effects, as discussed in Ferreira et al., 2010; Fonseca and Liu, 2023.

Finally, this paper contributes to the growing literature that examines within-firm
spillovers under financial constraints (Gilje & Taillard, 2016; Giroud & Mueller, 2015,
2019) and spillovers of negative local shocks induced by firm and trade networks (Hyun &
Kim, 2019; Stumpner, 2019). Through the lens of the model, this paper further quantifies

the equilibrium effect of both financial constraints and local market shocks.

3.2 Theoretical Motivation

I begin by describing the economic intuition for why multimarket builders outperform local
builders under financial frictions. Consider a two-period model with a builder operating

in a single market, Market M. This builder has constructed four units of homes at a unit
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cost of 1, resulting in an inventory expenditure of 4. This investment on inventory was
funded through external financing because the builder has not generated any cash flow
yet. These four units can be sold over two periods, with the first-period price pm set as
either a normal price (pp = 1.5) or a fire-sale price (pj = 1) based on economic conditions,
which could be normal (y = 0) or recessionary (y = 1), with Pr(y =1) = % The demand

schedule gm (pm) for the current period is provided in Table 3.1.

Table 3.1: Demand Schedule for Current Period

Normal Recession

pi = 1 (Fire-sale price) 4 2
ph = 1.5 (Normal price) 2 0

In normal conditions, the builder can charge the normal price and sell half its inventory
in the current period or opt for the fire-sale price to sell everything in the current period.
During a recession, charging normal prices will lead to no sales, while charging a fire-sale
price would sell half of the inventory. Any unsold unit during the first period (4—qm) can
be sold at the normal price (pp) in the next period, at no discount.

The revenues generated from this period (pmQm) are used to reduce the builder’s re-
liance on external capital, possibly by paying off debts. The builder incurs an external
financing cost on the remaining external capital 4 —pmQm, as a quadratic term of remain-
ing level of external capital: @n (4 —pmam)?. This quadratic structure represents the idea
that carrying excessive external financing becomes increasingly costly and simplifies the
empirical specification employed in Gomes, 2001; Hennessy and Whited, 2007; Lanteri and
Rampini, 2023. Therefore, the builder’s payoffs are:

e s 0 B . L AL
rst-period revenue  second-period revenue  cost of holding external capital

In the absence of external financing costs (pn = 0), the builder always prefers to set
the normal price in the first period, regardless of economic conditions, and sell all units

at normal prices over the two periods. Now, I set ¢y = 0.1 and let the builder incur the
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cost of carrying external capital.* Under this speci cation, the builder faces an increasing
incentive to generate cash ow in the current period, as it reduces the cost of carrying
debt.

Therefore, the builder charges the re-sale price during a recession and charges the

normal price outside a recessionary state, i.e.,

=1: +2 4 2p§)?> 4 4)2 3.1
?pl Ph {7N( pl)} Pn {ZN( )} (3.1)
=4 :6; re-sale payo =4 :4; non- re-sale payo
=0: +2 4 2pn)2> 2p +2 4 2p)?: 3.2
fph Pr_ N ( IOh)} Fpl Pr N ( pl)} (3.2)
=5:9; non- re-sale payo =4:6; re-sale payo

Now, I let this builder diversify its inventory by constructing two units of homes each
in two smaller ex ante symmetric markets, Market A and Market B, resulting in a total
inventory of four units and an inventory expenditure of 4. The demand that the builder
faces in each market is now halved from the level before, with Table 3.2 characterizing the

demand schedule.
Table 3.2: Demand Schedule for Current Period for MarketA and B

Normal Recession

p = 1 (Fire-sale price) 2 1
pn = 1:5 (Normal price) 1 0

Each market, Market A and Market B, can face a recessionary state (=1 and =1,
respectively) with probabilities of % After the economic condition is realized, builders
choose the pair of rst-period prices (pa;pg) from f(pi;p); (P Pn); (Pr; P1); (Ph; Pr)g to

maximize their payo s characterized by:

ae =(Patht @ G)*(Pete* M2 G)) NG Pafa m%ﬁ: (3.3)

revenue from Market A revenue from Market B cost of holding external capital

Operating in two markets with di erent economic conditions allows builders to avoid

re-sales during a recession. For example, the builder may sell at the normal price in the

* The below condition holds for any values of 2 [75;%]. In Figure 3.1, | show how di erent values of
n aect the bene ts of diversi cation.
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market with a recession, as it can generate su cient liquidity from the other market not

experiencing the recession, i.e.,

=0; =1:2ph+2 4 2 +(p+ 4 2 3.4
?Dh Ph o N ( IOh)} th (P + pn) @ N(4  Ppn pl)} (3.4)
=5:375; payo under (ph;ph) =5:275; payo under (pn;pi)

=1; =01$|0h +2pn o N (4 ph)i FIO| + Pph) +2pn o N(4  pn |0|)§1 (3.5)
=5:375; payo under (pn;pn) =5:275; payo under (p;;pn)

Next, | calculate the expected payo s for a builder operating in a single market E[ v ])
and a builder operating in two markets (E[ ag ]), with varying correlations ( ) between the
shocks, , and . Figure 3.1 illustrates the di erences in expected payo s, E[ as M |

with respect to the correlations between the shocks () under y =0, and y =0:1:

Figure 3.1 : Dierences in Expected Payo s for Builder Operating in Two Markets versus
Builder Operating in One Market

In the absence of nancial frictions ( y = 0), there are no bene ts of diversi cation, as
builders always charge normal prices and wait for demand to recover in the next period.
When builders are incentivized to raise liquidity in the current period due to the cost of
holding external capital ( n > 0), diversi cation is bene cial. Operating in more than one
market bene ts builders when the economic shocks a ecting each market are not perfectly

correlated ( < 1) and especially more when these shocks are less correlated.
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The above example demonstrates that geographical diversi cation can improve a builder's
payo s. Operating in markets with varying economic conditions may allow the builder to
charge normal prices in a recessionary market, as it can generate pro ts from the unaf-
fected markets. In illustrating this, | make some very simple assumptions: builders incur
the same inventory expenditure, face the same demand schedule in each market, and can
consistently charge high prices in the next period.

To evaluate the bene ts of diversi cation and the role of nancial frictions in a rm's
operation, one must uncover the underlying factors that determine these pricing decisions.
In the home building industry, these include the value of the unsold inventory of nished
homes, the demand curve for new homes in each local housing market, and builders' cost
of raising external capital.

Unsold inventory values in uence pricing decisions, as they impact trade-o s between
holding inventory for the next period and lowering prices to boost immediate sales. Fur-
thermore, variations in these values across local markets in uence not only whether to
decrease prices, but alsavhere to do so. For example, if builders expect higher prices in
Market A for the next period but the market experiences a recession, they may lower prices
more substantially in Market B than in Market A. If they expect signi cantly higher prices
in Market A for the next period, they may not cut prices in Market A at all. Instead, they
may decide to maintain their inventories and boost cash ow by reducing prices in Market
B. In section 3.4, | show that on average, builders reduce prices in one market when other
markets experience demand shocks. In section 4.2.2, | further estimate inventory holding
values across markets, time, and housing characteristics, showing signi cant variations in
these values over time and across commuting zones.

The quadratic marginal cost of external capital, represented by y, needs to be es-
timated. Higher values of  increase the urgency of generating immediate cash ow,
penalizing builders who fail to attain su cient pro ts in the present. In section 4.1, |
demonstrate how this value in uences the interdependence of pricing across the various

markets in which builders operate.
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The discount builders need to o er to generate cash ow depends on buyers' responsive-
ness to price changes, which, in turn, varies with market conditions and buyer preferences.
In section 3.4, | show that builders facing the same level of urgency to generate cash ow
tend to reduce prices less in markets where they have higher market power, as indicated by
higher homebuilderHHI or higher own market shares. In section 4.2.1, | further estimate
residual demand curves for national homebuilders, utilizing panel data on builders' market

shares and their sales characteristics in each local market.

3.3 Data and Industry Background

3.3.1 Data

Property Transaction Data. The main dataset for my analysis comes from CoreL-
ogic tax assessor and deed data. The CorelLogic tax data include property tax records
for homes assessed in 2015, representing the near-universe of single-family homes in the
United States. The data include information on housing attributes such as building size,
parking lot size, basement size, number of bathrooms and bedrooms, year of construction,
and the most recent sales dates and sales amounts for each property. The CoreLogic deed
data comprise single-family home transaction records from 1970 to 2015, including seller
and buyer information, sale dates, sale amounts, and resale or new transaction indicators.
Given the incomplete recording of seller identities before 2000, | focus my analysis exclu-
sively on transactions occurring after 2000. For my analysis of sales prices, | include only
arms-length transactions, excluding transactions between pre-existing personal, family, or
business connections.

Using the unique parcel-level property identi er, | merge these two datasets and create
an expansive transaction record of new single-family homes in the United States from 2001
to 2015. With this dataset, | construct metrics for the homebuilder's market coverage,

types of homes produced, years of operation in the market, and operation intensity within
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each local market, using the seller's name and the geographical location of the homes séld.
For my main analysis, | use approximately 0.5 million transaction records of single-
family homes sold by builders operating in more than one commuting zone (CZ, hereafter)
from 2009 to 2012, covering 1438 counties and 424 CZs; this sample covers over 98 percent
of the U.S. population between 2010 and 2019. Properties with square footage in the top
or bottom 0.1 percentile of the distributions are excluded from the price regressions. Panel

A of Table 3.3 contains the transaction-level summary statistics.

Financial Metrics of Public Builders. | use Compustat's Fundamentals Annual
dataset to obtain nancial information such as stock prices, assets, and liabilities for pub-
licly traded builders. From Compustat's Industry Speci ¢ Dataset, | obtain public builders’

inventory information and cash holdings at the end of each quarter. | use net debt and
net debt-to-asset ratios to estimate the key parameters for a structural model of builders'
pricing decisions. Appendix B.3.1 illustrates additional details on the construction and

summary statistics of the variables.

Geographic Attributes. The primary unit of the local market in my analysis is the
commuting zone (CZ), which is a cluster of counties with signi cant commuting linkages®
Using the transacted property's FIPS code and geolocation information from CoreLogic,
| incorporate CZ information for each property and construct the builder's operational
intensity in each CZ in the year 2000.

| calculate the average housing value change in each local market using the Zillow Home

Value Index (ZHVI), a publicly available monthly dataset from Zillow that covers homes

5 To address potential issues arising from spelling variations and su xes attached to the seller names,
I manually re ne the rm names and subsidiary information for major homebuilders, which constitute
a substantial portion of my sample. This builder-level information on geographical coverage is further
validated with the Infogroup Historical Business data, which record establishment-level information on the
scale of operations in terms of approximate sales volume and number of employees.

6 See the de nition on the IPUMS website. The use of a CZ as the housing market unit is justi ed in
Appendix B.1.1. Table B.21 presents the robustness checks on my main results using the county as an
alternative de nition of a market.
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in the 35th to 75th percentile range, including new homes. | rst calculate the yearly
ZHVI for the county by averaging the monthly ZHVIs evenly. Using the weighted mean
of the county-level ZHVI, with the number of homes in each county as weight, | construct
the yearly ZHVI measure for CZs, which is further used to construct the 2-year changes in

local housing prices.

Summary Statistics. Table 3.3 provides the summary statistics for data used in the
main analysis of this paper. More than 56 percent of homes were sold by builders selling
homes in more than one CZ. On average, multimarket builders, operating in multiple CZs
within a year, sold homes in three CZs and six zip codes, with an annual average of 45
homes sold. More than 56 percent of homes were sold by builders operating in more than
one CZ. On average, these multimarket builders operated in three CZs and sold 60 homes
each year. While at the national level only 0.7 percent of builders were publicly traded,
these builders accounted for more than 40 percent of the homes transacted by multimarket
builders. At the CZ level, the homebuilding industry exhibits moderate concentration, with
a Her ndahl{Hirschman index (HHI) of 0.144 and the top 10 builders holding a market
share of 57 percent. At the zip code level, the industry is highly concentrated, with an
HHI of 0.453, and the average market share of the top 10 builders is 80 percent.
Appendix B.3.2 presents summary statistics for publicly traded builders. On average,
publicly traded builders operated in a broader market than multimarket builders overall,
selling homes in 27 CZs and 10 states, with an annual average of 3300 transactions. Their
within- rm HHI, de ned across CZs, states, and census divisions, was half that of the

within- rm HHI of the average multimarket builders, indicating a more even geographical

" The ZHVI is used in many papers that examine the e ect of the Great Recession shocks, such as Giroud
and Mueller (2019), Giroud and Mueller (2017), Mian et al. (2015), and Bailey et al. (2018). Another
commonly used indicator of housing price is the CoreLogic Case{Shiller Housing Price Index, employed by
Mian et al. (2015) and Guerrieri et al. (2013). However, unlike the ZHVI or housing price index (HPI), a
home value measure developed by the Federal Housing Finance Agency (FHFA) using the repeated sales
method and thereby re ecting property resale values, the Case{Shiller measure is not publicly available.
The ZHVI demonstrates a high correlation with the HPI. A comprehensive comparison of these measures'
construction and the robust correlations between them for both local and establishment-level price shocks
are outlined in Appendix B.3.3. Table B.20 in the appendix presents the robustness of the results to my
using the HPI instead of the ZHVI.
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Table 3.3: Summary Statistics (Multimarket Builders)

Variable Obs Mean Std. Dev.
A. Transaction Characteristics
Sales Prices ($1000) 466799 240.393 118.884
Sold by national builder 467604 1 0
Sold by public builder 467604 413 492
Sqft 467604 2738.929 925.377
Basement sqft 467604 121.259 383.982
Garage sqft 467604 371.589 234.01
Land acres 467604 .498 23.045
Num. bathrooms 467604 2.592 1.241

B. Builder Characteristics

Number of Transactions 8557 61.643 419.758
Number of CZs 8557 3.205 5.384
Number of States 8557 1.739 1.721
Number of Divisions 8557 1.522 .893
Within- rm HHI (CZ) 8557 .56 177
Within- rm HHI (State) 8557 g .245
Within- rm HHI (Census Division) 8557 .749 .238
Publicly Traded 8557 .007 .085
C. Market Characteristics

HHI (CZ) 1703 144 .18
Average market share (C2) 1703 145 197
Top 10 market share (CZ) 1703 .567 .219
HHI (zipcode) 32406 453 314
Average market share (zipcode) 32406 462 .335
Top 10 market share (zipcode) 32406 .801 .239

Notes: This table presents mean transaction, builder, and market characteristics for single-family home
transactions between 2009 and 2012. Panel A includes homes sold by builders operating in more than one
CZ in a year. Panel B includes builder  year records for builders operating in more than one CZ in a
year. Panel C includes market year{level statistics, where the market is de ned by CZ and zip code.
The within- rm HHI is calculated by using the share of sales in each local market in the total sales of a
builder in a given year. Table B.6 provides summary statistics for transaction and builder characteristics
for all builders in the sample.

distribution of their operations. From 2009 to 2012, the median publicly traded builder
generated$380 million in revenue from home sales during a given quarter, held net debt

of $635 million, and maintained a 15 percent pro t margin.
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3.3.2 Background

In this study, | focus my analysis on builders of single-family homes specializing in green eld
developments and creatingcommunities, comprised of single-family homes on subdivided
lots with shared roads and utilities on previously undeveloped land, as opposed tin-
Il development, where homes are built on small-scale lots owned by individuals or rmé.
Sales can occur at various stages, including when homes are completed, under construction,
or not yet started. However, these builders are commonly referred to as \speculative
builders" because the most time-consuming and critical stages of construction, such as
land acquisition and entitlement, occur far before the actual demand for individual units
is realized? This speculative nature of homebuilding, as noted in Haughwout et al., 2012,
can lead to homebuilders' being left with a substantial inventory of units, either completed
or in the production pipeline, in the face of adverse demand conditiong?

| focus my analysis on the years 2009 to 2011, representing the latter half of the housing
bust, following the Lehman failure in 2008Q4, which led to housing value collapses of
varying degrees of severity acrosall regions in the United States, as depicted in Figures
B.4 and B.5. Given the two-year lag between land acquisition and the completion of
communities for sale by large homebuilders, | analyze two-year changes in housing values,
which re ect the variations in local housing prices over 2007{2009, 2008{2010, and 2009{
2011.

Geographical Expansion of Large Homebuilders. Historically, the U.S. housing

market was largely dominated by smaller builders’' However, over the last two decades,

8 See Appendix B.1.3 for the summary statistics on subdivisions.

9 Conversations with division presidents or managers of large homebuilders (see Appendix B.2) revealed
that the fastest turnaround time from land acquisition to construction completion typically ranges from 18
to 24 months but can extend to 3 years in regions with more stringent regulations.

19 During the Great Recession, builder cancellation rates as stated in their annual reports averaged ap-
proximately 30 percent to 40 percent.

11 As documented in Eichler, n.d. and Ambrose, 2009, \merchant builders" who take control over land
development, construction, and nancing emerged following World War Il, slowly replacing the competitive
landscape of builders when small rms dominated building of single-family homes by constructing homes

45



major national homebuilders have substantially expanded their footprints in both estab-
lished and emerging local housing markets. Since 2001, these builders have extended their
operations to serve a larger number of local housing markets, seeing growth of more than 50
percent in the number of CZs within which they operate. Moreover, their national market

shares have consistently grown by 5 percent (see Figure 3.25.

Figure 3.2 : Top National Homebuilders Operation Trend

Notes: The left graph displays the number of CZs in which top national homebuilders operated from 2001

to 2015. The right graph displays the market share of sales for the 5, 10, 50, and 100 largest builders in the
United States from 2001 to 2015. Appendix Figure B.1 provides a visual representation of the geographical
expansion of three national builders { Lennar, KB Homes, and Meritage Homes.

The rise in builder concentration has also been well recognized in industry reports
and academic papers. According to the Joint Center for Housing Studies, the top 100
rms' market share in sales of new single-family homes in the country increased from
approximately a third a century ago to 50 percent in 2022. National Association of Home
Builders (NAHB) articles also report a consistent increase in top 10 builder shares from

1989 to 2021 and a recent increase in the presence of these builders in the top 50 metro

areas (National Association of Home Builders, 2022a, 2022b).

Great Recession and National Homebuilders. Homebuilders su ered extraordinary

nancial distress in the aftermath of the Great Recession. The distress of this sector is

under contracts for individual lot owners. Despite this shift, this merchant building industry remained at a
modest size relative to the sizes of other industries, with the rst public listing of a homebuilder occurring
as late as 1986.

12 The entry of these national builders into local markets did not always result in a consistent increase in
builder concentration within CZs. The average market concentration for new home builders declined during
the housing boom, only to slowly rebound after the Great Recession (see Figure B.2).
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demonstrated in the nancial metrics of publicly traded builders, as illustrated in Figure
3.3. During the economic downturn, builders experienced an increase in both their leverage
ratio and the interest rates associated with their debt. This made debt nancing less
appealing and prompted builders to prioritize debt repayment. Furthermore, their stock
price plummeted by over half from its level in the boom period, reducing the attractiveness
of external equity as a means of raising capital. As a result, many builders employed
aggressive price reductions to sell o existing inventories to enhance liquidity and repay
debt (see Appendix B.1.2 for the quotes from builders' annual statements).

Despite the overall downturn in the homebuilding industry, builders operating in di er-
ent areas were subject to distinct impacts from the regional price changes during the Great
Recessiont3 Given their presence in numerous housing markets, multimarket builders, on
average, were less susceptible to the local housing market downturns experienced during the
Great Recession. Table B.3 presents that national builders experienced a less pronounced

decline in the housing value of their operational areas from 2009 to 2011.

3.4 Empirical Motivation

In this section, | present key empirical observations that motivate the design of my model.
First, | demonstrate that multimarket builders reduce sales prices in response to adverse
shocks originating from other markets where they operate, con rming the patterns found in
Van Straelen, 2023. Next, | provide novel empirical evidence showing substantial variations
in pricing adjustments across markets with varying levels of builder concentration and
among builders with di ering degrees of geographical diversi cation. Finally, | examine
the direct impact of builders' leverage level on prices, carefully controlling for potential
reverse causality resulting from pricing decisions.
Consider a builder f operating in the set of CZsM ¢ in year t. | follow Giroud and

Mueller, 2019 to de ne the rm's external shock measure, which captures the value change

13- Although the overall U.S. housing market experienced busts from 2007 to 2011, the extent of the home
value declines varied across di erent local areas and over time (see Appendix B.1.5).

47



(a) Leverage Ratio

(b) Interest Rate

(c) Stock Price

Figure 3.3 : Annual Average Financial Performance of Public Builders

Notes: This gure presents the average nancial metrics of publicly traded builders from 2002 to 2015. The
leverage ratio represents the mean debt-to-asset level, and the interest rate is calculated as the interest rate
divided by total debt. The average stock price is hormalized to 1 in the fourth quarter of 1999.

of builders' projects in commuting zones outside of the market of analysis. | construct the
shock using the network-weighted percentage change in house prices fram 2 to yeart in

. P
CZs ( pnt) other than the market m where builder f operates: oy  .nem  PntWint 2

Wit 2 represents commuting zonen's relative presence in rm f's portfolio during the
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yeart 2, constructed as the fraction of the number of homes sold in Ca by the builder
int 2 over the total number of homes sold by the builder across the United States ir.*
The change in house price index, compared to the two years prior, re ects the di erence
in the expected prot from approximately the time when the production decision was
made. Furthermore, this measure is una ected by builder-speci c price-setting behavior,
as the ZHVI used in py is constructed from all transactions for homes in the local
areas, which primarily consist of transactions for existing homes. Hence, the negligible
contribution of each builder's sales prices to the index mitigates concerns associated with
reverse causality’® Appendix B.4.3 provides summary statistics for this measure.

To identify the impact of the demand shocks originating from other market on sales
prices, | use a speci cation similar to that used in Van Straelen, 2023. | specify the log
sales prices of home¢ to depend on the establishment-level demand shock from other CZs,

property characteristics, and neighborhood characteristics. The estimating equation is:

X
log(pj (fyme) =+ PntWint 2+ Xjmt + mt + jmt; (3.6)
n2M ¢ ;né m{
VA

Pt 2(other)

where Xt represents a vector of property characteristics that includes: 1) house-level
variable x;j, such as the square footage of the land and building, number of bathrooms,

and parking lot size, and 2) neighborhood-level variablexy;); for neighborhood b where

14 If the set of CZs in which homebuilder f operates in yeart diers from the markets in year t 2, |
include only the markets in year t 2, aswix 2 can be de ned only for the markets in which the builder
operated int 2. This choice assumes that the operation share of marketn operated by homebuilder f in
yeart 2 is correlated with the share of the market in year t. This choice also eliminates the possibility of
endogeneity of the builder's choices in response to the negative shock { builders may expand to the market
or scale down operations in response to the shock because of the unobserved changes in local housing market
demand such that the unobservable jn is correlated with  pr. my . | choose the 2-year change in ZHVI
to align with the average construction time of 2 years from the development stage to the completion of
new homes, as explained in section 3.3.2. | conduct robustness checks using 3-year lags for 2009 and nd
consistent estimates in Appendix B.5.2.

15 While there is a spillover e ect of price discounts implemented by distressed national builders, these
e ects are highly localized, consistent with previous ndings in studies that explore the spillover e ects
of changes in sale prices (Anenberg & Kung, 2014; J. Y. Campbell et al., 2011; Diamond & McQuade,
2019). Consequently, individual builders' pricing decisions do not signi cantly in uence the overall change
in median home values.
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home]j is located. For Xyjy, | include either a monthly zip code{level housing price index
or a set of granular geographical xed e ects to account for any time-varying changes in
unobservables factors that would a ect home sales prices. ¢ represents the ZHVI for
CZ m, or CZ year xed eects, and it accounts for CZ-level di erences in supply and
demand, including di erences in construction costs or demand due to varying local lending
conditions. Additionally, year{month xed e ects are included to control for aggregate
demand variation over time, such as those associated with changes in 30-year xed mortgage
rates.

Consistent with Van Straelen, 2023, | nd that builders discount their sales prices in
one market in response to adverse shocks from other markets (see Appendix B.5). In
my preferred speci cation with zip code and year{month xed e ects (column 4), a 10
percent decline in average house prices in other CZs is associated with a 3.2 percent drop
in sales prices in the una ected market. These e ects remain signi cant and are robust
in magnitude across speci cations that incorporate block group xed e ects and zip code{
level shocks and that exclude shocks originating from CZs within the same state¥. In
Appendix Table B.22, | provide additional evidence to con rm that this e ect is not solely
driven by the states that experienced a signi cant decrease in demand during the Great

Recession (columns 4 and 6).

3.4.1 Greater Competition Leads to a Higher Discount

| investigate whether the competitive landscape of new housing suppliers in uences the
magnitude of price discounts. In a perfectly competitive market, neither the own market
share nor the concentration measure should matter for prices.

| estimate equation 3.6 by adding the interaction term of the shock from other markets
(" Ptt 2(other)) with the HHI of the homebuilding sector or the builder's own market
share within the market in which the builder makes price decisions. Table 3.4 reports esti-

mates from the preferred speci cation. | nd that both the CZ- and zip code{level market

16 See Appendix B.5.2 for the results across di erent speci cations.
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structure a ect the degree of price discount in response to the shock. The magnitudes im-
ply that builders in the top quartile of own market share (Shares; ) and those operating
in markets within the highest quartile of concentration (HHI ) display almost no response
to the shock from other markets.

This result underscores the critical role of market structure and competitor interactions
in determining a builder's response to the shock. Builders facing intense competition from
other builders need to lower prices more to enhance their sales, whereas builders with fewer
competitors may not require substantial price adjustments to maintain their sales levels.

Table 3.4: Concentration and Response to Price Shocks

Dep:V ar = log(price)

(1) 2 (3) (4)
cz Zip code cz Zip code

Pt 2(other) .339 456 404 45
(.104)  (.0971) (.0857) (.0831)
Pit 2(other)  HHI oy -374  -.695
(1.79) (.223)
Pit o(other)  Market Shareym -1.79 -.628
(.745) (.15)
Zip Code Fixed E ects Yes Yes Yes Yes
Year{Month Fixed E ects Yes Yes Yes Yes
CZ-Level ZHVI Yes Yes Yes Yes
N 298571 298571 298571 298571
R? 0.800 0.800 0.800 0.800
Mean(2) 0.05 0.26 0.07 0.29

Notes: Housing characteristics and dummy variables for interacted terms included in the regression. The

sample includes single-family housing transactions by builders operating in more than one CZ from 2009
to 2011. Standard errors are clustered at builder level. Table B.24 presents the robustness check results in
which the market structure in t 2 is used.

3.4.2 Geographical Diversi cation Reduces the Discount

| explore how di erences in builders' geographical footprints impact the extent of their
discounts. Table 3.5 reports the regression results of estimating equation 3.6 with the
interaction term between the shocks from other markets ( Pit 2(other)) and the builder-
level operation intensity. Columns 1 and 2 present estimates on the interaction between

the number of CZs and states in which the builder operates. The estimated coe cients
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for these interaction terms are both negative and statistically signi cant, indicating that
builders operating in a larger number of markets tend to discount less in response to adverse
shocks from other markets.

| further investigate how the concentration of a builder's geographic portfolio in uences
its pricing decisions. To avoid the confounding e ect related to builder size, | focus my
analysis on \larger" builders, speci cally those falling within the top two terciles based
on the number of states in which they operate. First, | utilize within- rm HHI, calcu-
lated by the ratio of sales occurring in one market to the overall sales of the builder:

P . .
HHl tm = oM f(%)? A higher HHI represents a greater concentration

mom salefm

of operation in speci ¢ markets, while a lower HHI represents a more evenly distributed
presence. Additionally, | employ two distance-based dispersion measures: 1) the sum of
variances in latitude and longitude of transacted properties, and 2) the mean distance of
all properties sold from the centroid of all homes sold by the rm within a given year.
Coe cients from columns 3 and 4 con rm that builders with more evenly distributed sales
across multiple states or census divisions tend to o er smaller discounts in response to
negative shocks from other markets. Columns 5 and 6 reveal similar ndings: builders
operating in many geographically distant areas were less responsive to these shocks.

While the qualitative evidence of diversi cation is noteworthy, challenges remain in
quantifying the e ect of diversi cation because of potential confounding e ects with builder-
level characteristics. For instance, builders with better access to external nancing and in
less urgent need of generating immediate cash ow are more likely to operate in broader
geographical areas. Therefore, in section 4.3, | isolate the e ect of diversi cation using the

parameter estimates from the structural model.

3.4.3 Greater Inventory Leads to a Higher Discount

Next, | examine whether builders with more housing inventories are more likely to o er

greater discounts. | estimate equation 3.6 with an interaction term between the external
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Table 3.5: Builders' Geographical Coverage and Response to Price Shocks

Dep:V ar = log(price)

All Multimarket Builders N(States) 5
1) (2 (3) 4 (5) (6)
Z= Num(CZ) Num(States) HHI(States) HHI(Division) SD(lat,lon) Mean Distance
Pt 2(other) .261 .337 187 .187 .981 .78
(.0359) (.0421) (.0915) (.0915) (.088) (.0825)
Pyt 2(other) Z -.00345 -.00923 .29 .29 -.052 -.46
(.00118) (.00335) (.139) (-139) (.00644) (.0788)
Zip Code Fixed E ects Yes Yes Yes Yes Yes Yes
Year-Month Fixed E ects Yes Yes Yes Yes Yes Yes
CZ-Level ZHVI Yes Yes Yes Yes Yes Yes
N 298260 296895 194930 194930 194919 194930
R? 0.800 0.800 0.837 0.837 0.837 0.837
Mean(Z) 25.74 9.60 0.38 0.38 12.35 0.99

Notes: Housing characteristics and dummy variables for interacted terms included in the regression. The
sample in columns 1 and 2 includes single-family housing transactions by builders operating in more than
one CZ from 2009 to 2011. The sample in columns 3 to 6 includes single-family housing transactions by
builders operating in ve or more states. Standard errors are clustered at builder quarter level.

shocks ( Pt 2(other)) and one of three inventory composition metrics at yeart (Z;).
First, 1 use the ratio of nished homes and homes under construction to the total inventory
value of homebuilders, which measures the proportion of inventory ready for sale within
the overall inventory, including nished homes, land under development, and undeveloped
inventory. Second, | use the inventory-to-sales ratio to represent potential overproduction
by a builder. Finally, | use the percentage of optioned lots among all lots owned and
optioned.t’

The direction of bias in ordinary least squares (OLS) estimation is ambiguous due to
con icting factors. Unobservable factors reducing demand for a particular builder could
lower both sales prices and increase inventory, biasing estimates downward f). Con-
versely, if low sales prices result from builders' actively reducing inventory, both low inven-
tory levels and prices would bias the estimates upward. Therefore, | employ Pt 2(other)

Zy » as an instrument for Pyt 2(other) Z; by utilizing inventory data from year t 2

to estimate the following equations:

17 Appendix B.3.1 provides more detail on the variable construction from Compustat Quarterly Industry
Speci ¢ data.
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Second Stage: log(pjrymt )= + Pit 2(other)+ ; Py 2(other)Zy + X jme + 109 (Pmt )+ jmt
(3.7)

First Stage: Pit 2(other)Zy = o+ o Py 2(other)Zy 2+ oXjm + olog(Pmt )+ ojmt : (3.8)

This instrumental variable (1V) approach allows me to incorporate inventory variation
that is unrelated to current sales prices or market conditions but is in uenced by the

builder's inventory position in previous years.

Table 3.6: Builders' Inventory Composition and Response to Price Shocks

Dep:V ar = log(price)
(1) ) (3)

Z= Finished Homes Ratio /S Ratio Option Ratio
Pt 2(other) -.00259 -.316 422
(.197) (.255) (.53)
Pyt o(other) Z 1.09 .881 -.389
(.255) (.317) (.417)
Zip Code Fixed E ects Yes Yes Yes
Year-Month Fixed E ects Yes Yes Yes
CZ-Level ZHVI Yes Yes Yes
N 125719 123331 95332
R? 0.582 0.582 0.567
Mean(Z) 0.20 0.48 0.48
KP rk Wald F-Stat 34.87 44.79 15.02

Notes: Housing characteristics and dummy variables for interacted terms included in the regression. The
sample includes single-family housing transactions where sellers are publicly traded builders from 2009 to
2011. Standard errors are clustered by builder  sales quarter level.

The ndings presented in Table 3.6 provide supporting evidence for an inventory-
clearing mechanism whereby builders with more readily sellable assets are more likely to
aggressively discount® The coe cients from columns 1 and 2 con rm that builders with
twice the inventory of nished or under-construction homes tend to o er approximately
twice as high of a discount in response to adverse shocks from other markets. Conversely,
builders with many optioned lots do not reduce their sales prices as signi cantly as those

who own their lots outright, although this e ect is estimated with imprecision.

18 The inventory liquidation hypothesis is explored in Kim, 2021. This mechanism also holds for large
builders during the 2009{2011 period, as they maintained su cient inventory of unsold homes because of
weak demand.

54



3.4.4 High Leverage Leads to a Higher Discount

Having explored the heterogeneity in builders' response to demand shocks from other mar-
kets, | now explore potential mechanisms. As outlined in section 3.2, a recession in a local
market directly impacts cash ow and external nancing costs, subsequently in uencing
the urgency of generating cash from other markets.

Thus, | examine how the degree of nancial distress a ects the sales prices by regressing
the national builders' sales prices on the direct measure of builder nancial distress. | use
two measures: 1) the interest coverage ratio, which assesses the builders' capacity to cover
interest expenses with available earnings, and 2) the net debt-to-asset ratio (leverage ratio),
which represents the proportion of builders' assets nanced by debt.

| regress sales prices on the builders' nancial position from the previous yeat? How-
ever, a signi cant potential correlation exists between the nancial measures from the
previous year and the current year, especially since large national builders often engage in
land development and home sales that span multiple years. To address this issue, | employ
an |V strategy that utilizes the variation in the leverage or coverage ratio resulting from
changes in the builder's sales revenue due to the builder's exposure to house price changes

from other CZs and estimate the following regression speci cation:

Second Stage: log(pjrymt) = + FD ¢t 1+ Xjmt + 10g(Pmt) + jmt (3.9

First Stage: FD¢ 1= o+ o Pt 1t 3(other)+ oXjmt + olog(pmt)+ ojmt ;
(3.10)
where housg 's sale price in marketm at year t is a function of homebuilderf (j)'s nancial
distress measurd=-Dy; 1 and the housing and lot characteristics are the same as in equation
3.6.

| use the external shock P; 1 s(other) to instrument for the builder's nancial dis-

19 Using nancial measures from the current year would generate biased estimates of the impact of builder
nancial distress on sales prices; my estimates would be biased toward zero if lowering sales prices in the
current period leads to increased revenue because of elastic demand, subsequently reducing builders' debt
or enhancing their ability to pay interest on debt.
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tress measure. The relevance of this instrument holds because adverse local market shocks
in uence a builder's earnings through reductions in price or sales volumes, subsequently
a ecting their nancial measures. The exclusion restriction requires that these shocks af-
fect prices only by a ecting builders' degree of nancial distress. The exclusion of shocks
originating from the own market and incorporation of zip code xed e ects and the zip
code{level monthly price index validates this assumption, as any market-level shocks are
e ectively controlled for.

Table 3.7 presents the results. The OLS estimates in columns 1 and 3 show a correlation
between builders' nancial stability and their sales prices. The IV regression estimates in
columns 2 and 4 con rm potential bias. Once | control for variation in the coverage or
leverage ratio due to changes in inventory values, | observe more substantial e ects of
builder-level nancial distress on sales prices. Top-quartile builders in terms of coverage
ratio price their homes approximately 1.3 percent higher than bottom-quartile builders,
whereas top-quartile builders in terms of leverage ratio price similar homes approximately
2 percent lower than bottom-quartile builders.

Table 3.7: E ect of Financial Distress on Sales Price

Dep:V ar = log(price)
) @ 3 4

oLSs \% OoLS v

Coverage Ratio .000259 .00259
(.00012) (.00052)
Leverage Ratio -.0172 -.137
(.00774) (.0336)

N 120371 78430 127116 78430
R? 0.863 0.564 0.874 0.565
First Stage F-stat 41.25 27.76
Zip{Month ZHVI Yes Yes Yes Yes
Zip Code FE Yes Yes Yes Yes
Housing Characteristics Yes Yes Yes Yes

Notes: This table displays the regression results of the log sales price on public builders' coverage and
leverage ratio. Standard errors are clustered at the builder  sales quarter level. The rst-stage regression
results and those of an interaction version of the regression are displayed in Table B.26.
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3.5 Conclusion

Several patterns found in this chatper are noteworthy. The interdependent pricing across
markets of operations reinforces the notion that builders make pricing decisions to maximize
overall pro ts across their local markets. The variation in discounting across markets with
diverse builder competition underscores the signi cance of factors such as the presence of
other builders and existing home inventories in pricing decisions. Most importantly, the
strong and direct impact of nancial distress measures on prices validates the speci cation
in section 3.2, con rming the existence of nancing costs.

While informative, the reduced-form analysis does not quantify how di erent builders
react to demand shocks occurring in their own market, as it relies on demand variations
originating from local markets excluding the market under analysis. Furthermore, these
ndings by themselves do not adequately quantify the equilibrium impact of builders'
nancial distress on overall prices or payo s. The reduced-form results rely on within{zip
code variations in builders' external shocks, revealing only the relative pricing decisions of
builders. The aggregate and equilibrium price is in uenced by both local economic shocks
and competing builders' pricing strategies.

In the following chatper, | incorporate these ndings into a structural model to provide
a framework for quantifying the e ect of nancial frictions in builders' pricing decisions

and the role of diversi cation and market power.
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4

Equilibrium E ects of Builders'
Geographical Diversi cation

4.1 An Equilibrium Model of New Housing Market

In this section, | develop a framework for the pricing decisions of builders of single-family
homes under nancial frictions. On the supply side, builders choose sales prices to o oad
their nished home inventory. Builders factor in the market structure, the competition
that they face from other builders, and their preference for cash ow.

On the demand side, homebuyers choose builders to purchase from in their CZ. This
choice depends on buyers' preferences for housing characteristics and sales prices. | estimate
the demand-side model using the variations in builder{CZ-level sales prices caused by

adverse demand conditions in builders' other markets of operation.

4.1.1 Supply Model

I model the price decisions of multimarket builders, where homebuilders are di erentiated
by housing characteristics and sales prices within the CZ. Builders also incur the cost of
holding external capital, which is characterized by increasing costs associated with higher
levels of net debt.

In each market, national builders, after having made inventory decisions, compete a
la Nash-Bertrand to sell their inventories and generate revenue. Therefore, each builder

chooses a vector of prices for homgs f prm :m 2 M ¢ g, to maximize its payo . These
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builders face an intertemporal tradeo : they can charge lower prices, capture more market
share, and increase present revenue; by doing so, they reduce the cost of holding external
capital but sacri ce pro ts in subsequent periods. Alternatively, they can maintain higher
prices and postpone the sale of remaining inventories to the next period. In this case,
builders incur higher costs of carrying external capital because of reduced sales in the

current period. Figure 4.1 illustrates the builder's decision procedures.

Figure 4.1 : lllustration of Homebuilder's Decisions

Notes: The builder's choices of price vectors are modellgd (the shaded region of the graph), taking the

previous debt level and inventory expenditure ( Debt; o + mcim ltm ) as predetermined.

m2M ¢

Setting.  Consider a set of multimarket builders, indexed byf 2 F = f1;2;:::;Fg and
geographic marketsM in which the builders operate. Denote the set of markets that
builder f operates in asM ¢. | abstract from using the notation t to refer to the time
of sales and assume thaim contains market time. | consider the set of markets in
which builders operatefM ¢ gf_; as given and focus on pricing decisions across geographic

markets. | assume the following timing:

1. Builders build Ity units of homes in markets of operationm 2 M ; and incur the
P . . .
COStS oM , MCtm |tm , Wheremcyy, denotes the marginal costs incurred for the unit

of inventory for builder f in market m.

1 In contrast to the approaches of Collard-Wexler, 2013, Asker et al., 2014, and Kalouptsidi, 2014 that
model the entry and (or) discrete investment of local oligopolies under demand uncertainty, | take the
builder's entry and investment decision as predetermined and model the next stage { its pricing decisions
after the realization of previously uncertain demand.
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2. The demandM, and the value of one unit of unsold nished home |, are realized

for all markets m 2 M , wherel represents builder tier.

3. Builders simultaneously set pricespsmn, , Where pr, denotes the price of homes sold

by builder f in market m.

(a) Given the set of pry, for all f in market m, buyers in market n 2 M choose a

builder.

(b) The builders' market share st is realized8f; m . The market share depends on

the set of prices set by all builders operating in marketm (ptm ;P tm )-

_ P
(c) The builder collects revenue oy . MmStm Prm -

Builder f who sold M st units of homes across8m 2 M ¢ in the current period
P . .
collects revenue from the sales ( o , MmSim Prm ). This cash ow from the revenues is
used to reduce the builder's overall debt obligation, characterized by:

X
Debt; = Debtig + (mctm lfm MmStm Prm ): 4.1)
m2M ¢

Builder f is also left with I+, MmSim units of unsold nished homes in market m,
and enjoy the following payo s from all unsold inventory across the markets of operation:

Ltm MmStm); (4.2)
m2M ¢

where | represents the value of a unit of unsold inventory, which depends on the market
m and builder tier I. Builder tiers are de ned by the quintile of previous sales prices within
the CZ, re ecting di erent qualities and types of homes produced by the builder. This
speci cation re ects that builders' expectations for the value of inventory vary based on
market-level conditions and the types of homes that they build. For example, builders may
anticipate that the market for high-end homes will recover better than that for low-end
homes, or vice versa. They may also expect to sell homes at higher prices in one market
|

than in another. | also re ects builders' expectations regarding future sales pricesgd),

net of holding costs, and discounting factors, and can be expressed a8 [p° .

60



Finally, builder f incurs the cost of holding external capital (CCs ), de ned as:

N pebt?; (4.3)

CCs = Debt; + >

where o; N 0, represent the increasing and convex costs of holding external capital,
following Gomes, 2001; Hennessy and Whited, 2007; Lanteri and Rampini, 2023. Hereg
represents the linear costs associated with holding external capital, such as interest rates,
while § represents the quadratic costs, indicating that the cost of holding external capital
becomes increasingly expensive as its level grows.

Thus, the payo s for builder f net of sunk costs are given by:

X X | N 2
M mStm Prm + mUtm  MmSim) ( oDebt; + TDEbtf); (4.4)

m2M ¢ m2M ¢

and the builder simulatanouesly setps f prm gmam ; t0 maximize these payo s.

Discussion.  Taking the rst-order condition of equation 4.4 with respect to builder f's
sale price in marketm, prm , yields the following:

1 | @#n

Prm = X (=) s
1+ o+ n (Debtig+ MCtn ltn ~ MnStn Prn ) @ph
(4.5)
n2Mm ¢
| {z }
Debt(p+ )

Builder f 's pricing for market m is in uenced by three key primitives. First, the value
per unit of unsold inventory, denoted as !, plays a crucial role in price determination.
This value represents the present value of future sales net of carrying costs. A highet,
incentivizes the builder to delay sales to a later period, enabling it to set higher prices in
the current period. Second, the quadratic external capital cost parameter N establishes
a connection between the prices set by rmf across di erent markets. When y is set to

zero, the builder's price in one market depends solely on its own market-level components,

. . ! "
as indicated by the equationpsy, = =5 (g%) st . Last, the competitive landscape
of the local housing market, such as the intrinsic market share of national builders, their

shares relative to existing homes, and the presence of other national builders in the local

61



market a ect price prm . When § > 0O, this local market structure, characterized by the
nal term in equation 4.5, further in uences prices in other markets by a ecting the cash

P
ow generated through home sales ( oy , MnStn Prn ) @and by in uencing Debt(ps ):

4.1.2 Demand Model

I model buyers' housing decisions using a discrete-choice framework. Buyers in market
(dened as CZ sale quarter) choose from new homes sold by national builders among
available alternatives J ,,: The indirect utility for buyer i in market m from choosing builder

j is:

Ujm = Xjm + 109 (Bm )+ jm * ijm; (4.6)
where X;m is a vector of characteristics of housing from builderj in market m including
mean housing attributes such as square footage, lot size, parking availability, and number
of bathrooms. xjm also includes the number of years a builder has been operating and the
number of homes it has sold within marketm to capture buyers' preferences for builders
with established reputations and visibility in a given market. log(pjm) represents the
logarithm of the builder's mean sales prices, and j, is the utility { unobserved by the
econometrician { from characteristics speci c to homes sold by builderj in market m.

ijm refers to buyeri's idiosyncratic preference for builderj, which may be in uenced by
personal experiences with builders or her preferences for speci ¢ communities based on
unobserved factors such as location preferences.

| denote the utility from choosing an outside option { an existing home or a home sold
by a local builder { as ugm and normalize this value to 0. | also assume that all buyers in
market m have the same choice set, denoted ak,, and | do not include builders without
transaction records in marketm. Assuming that j follows the i.i.d. type | extreme value
distribution, the market share of builder j at market m has the closed form:

p exp(Xjm + 1og (Pm)+ jm)
1+ k2J m exp(ka + IOg (pkm) + km)'

Sjm = 4.7)
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Table 4.1 presents the descriptive statistics for builder market{level prices and trans-
action volumes. Most of the variation in prices can be attributed to di erences across estab-
lishments. After establishment-level variations are accounted for, the remaining variation
in prices is driven primarily by di erences across CZs. To address potential market-level

demand shocks that could impact both market shares and prices, | include CZ{quarter

xed e ects.
Table 4.1: Prices and Market Shares of Builders in Sample
Establishment cz Quarter
Variable Obs Mean  Std. Dev. Variation Variation Variation
Prices (in $1,000) 10050 268.617 114.282 .853 .284 .001
Number of Homes Sold 10050 31.884 40.304 .596 - .008
Share within National Builders 10050 127 163 .855 .88 .004

4.1.3 Reduced-Form Evidence

Equation 4.5 suggests that the level of net debt from the previous periodDebt; o and
the prices charged by builders are negatively correlated when y > 0. The empirical
patterns showing that builders with a higher level of leverage ratio from the previous year
charge lower prices in Table 3.7 directly support the model's implication. Furthermore,
the model suggests that any negative changes in demand from other markets may have a
negative impact on prices under yn > 0 by a ecting the Debt(ps) term. This is further
demonstrated by the analysis of the builders' response to negative demand shocks from
other markets, proxied by P:; 2(other) in Table B.15.

Equation 4.5 also predicts that having a low cost of external nancing ( o and y)
makes builders discount less in response to the decrease in demand or lower expected
inventory values characterized byM, and |, respectively. | proxy the demand shocks by

Ptt 2(other) constructed in equation 3.6 and explore whether national builders adjusted
their prices in response to the shock during years when they had lower costs of raising
debt (Figure 3.3 b) or greater access to external capital (Figure 3.3 c¢). | conduct a pooled

regression, including transactions from all years in my dataset (spanning from 2003 to
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Figure 4.2 : E ect Heterogeneity by Year

Notes: This gure displays the : coe cient estimates of equation 4.8. The bars represent the 99 percent
con dence intervals of coe cients. The regression includes the log ZHVI for each CZ at year t, log monthly
zip code{level ZHVI, year{month and zip code xed e ects, and observable housing characteristics. The
standard errors are clustered at the builder level.

2015) with the interaction terms of year and the external shock measuré. If national
builders enjoyed improved access to alternative funding sources, such as higher stock prices
for public builders or more lenient lending policies for smaller nonpublic builders prior
to the Great Recession, the signi cance of the internal capital channel would diminish.
Consequently, builders might have been able to maintain higher prices without a pressing
need to quickly liquidate their inventories.

Figure 4.2 plots the coe cients ; of the regression speci cation below. In this regres-
sion, linclude year zip code xed e ects to account for varying unobserved characteristics

at the neighborhood level.

3015
log(pjmt ) = + t Ut= g Py 2(other)+ X jmt + jmt (4.8)
=2003

I nd relatively minor and statistically insigni cant price responses to shocks during

the periods spanning from 2003 to 2006 and from 2013 to 2015. Notably, builders adjusted

2 While my housing transaction data cover the years from 2001, the shock measure is constructed with a
two-year lag, and thus, 2003 is the earliest year included in my analysis.
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their prices only during the Great Recession and in the subsequent years during the housing
bust. These ndings suggest that national homebuilders tend to rely on internal capital to
nance their projects, particularly when facing nancial constraints. 2

In sum, the reduced-form evidence shows that builders under nancial distress charge
lower prices and that the cost of raising external capital a ects the degree of the discount,

which validates a key model implication.

4.2 Structural Model Estimation
4.2.1 Demand Estimation

Demand-Side Identi cation. From the demand and market share speci cation in
equations 4.6 and 4.7, | use the Berry inversion (Berry, 1994) to obtain equation 4.9,
in which | estimate parameter and the set of s with data on the observed market shares

and transaction characteristics:.

l0g(Sjm =Som) = Xjm + 109 (Pjm )+ jm: (4.9)

To control for the time-varying overall demand for new homes and homes built by
national builders in each CZ, | rst include the CZ{quarter xed e ect. The xed e ect
also controls for the utility from the outside option of choosing an existing home or a home
sold by a local builder (log(som).

The rest of the variation comes from the variations in market shares among the national
builders, whose housing characteristics and sales prices di er. A key challenge in identifying

demand elasticity is the correlation between the pricepj, and the unobservable housing

% The sizable and negative coe cient for 2007 is noteworthy. This year marked a signi cant point in the
housing market, characterized by a peak in sales prices, albeit with lower sales volume relative to that in the
baseline year oft 2 =2005. As highlighted by DeFusco et al. (2022), this divergence between prices and
volumes was consistently observed in regions with substantial price uctuations, many of which experienced
a sharp increase in the home value index during 2005{2007. Consequently, builders predominantly operating
in these markets experienced signi cant positive changes in  Pos.o7 (0ther) but encountered limited revenue
due to reduced sales volume, compelling them to lower their sales prices. This observation underscores a
limitation of my reduced-form analysis, which relies solely on housing price index changes as a proxy for
nancial distress, and highlights the importance of considering changes in overall sales volumes induced by
the price changes in the model estimation.

65



and neighborhood characteristics j, . As product j is aggregated to the builder{CZ level,
not to the level of clusters of homes within a speci c geographic region, | cannot use
the standard instrument for housing prices in the literature (Bayer et al., 2007), namely,
exogenous attributes of houses and neighborhoods located further away.

The builder-level aggregation by CZ, however, enables me to utilize the \external shock"

Pt 2(other) as an instrument for the sales pricelog(pjm ). The relevance of this instru-
ment is justi ed by the well-documented patterns found in section 3.4 and the results
presented in Van Straelen, 2023, which indicate, based on transaction-level data, that
builders adjust sales prices in response to negative demand shocks froother markets
where they operate. Furthermore, this pattern remains consistent when aggregated to the
builder market level, as demonstrated in Table C.1. Similar to the magnitude observed
in the transaction-level analysis from section 3.4, a 10 percent negative demand shock from
other markets of operation leads builders to lower sales prices in una ected markets by 2.4
to 5 percent, with the magnitude depending on the speci cation.

The exclusion restriction requires that the shock measure not be correlated with the
value of housing structures or neighborhood characteristics (Table B.13). One assumption
that helps support the exogeneity condition is that buyers do not care about the builders'
nancial distress, with price and product characteristics held constant. This assumption
may be violated if 1) builders o er concessions such as cashback and nancing deals that are
not re ected in the sales prices to sell faster (upward-biasing the price-sensitivityj j) or 2)
consumers have a negative perception of builders who are in nancial distress, associating
their nancial di culties with potential shortcomings in service quality or reliability in
responding to defects in new homes or because nancially distressed builders may use

cheaper materials (downward-biasing the price-sensitivityj j). Tables B.28 and B.29 and

* The concept of utilizing a nancial shock originating from other markets aligns with the underlying
principle of employing average prices, as proposed in Hausman et al., 1994 and commonly applied in demand
estimation literature, including Nevo, 2001. While the Hausman instrument operates on the assumption
that average prices signify shared marginal cost shocks, my instrument, represented by the external demand
shock from other markets proxied by the average ZHVI changes, captures a common nancial cost shock
that holds greater relevance in this context. This is primarily because of the signi cant time gap between
the construction decision and the actual sales, rendering marginal costs e ectively sunk costs in my analysis.
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in the appendix show that nancial distress may indeed have negatively a ected the quality

of homes being sold, but not to an extent that would invalidate the demand estimates.

Demand-Side Estimation Results. Estimates from the demand system, including the
rst-stage estimation results, are presented in Table C.2 in Appendix C.1.1. | nd that, all
else equal, buyers prefer builders with a substantial sales record in the CZs and buildings
with larger square footage and more bathrooms.

Table 4.2 presents the implied own-elasticities and cross-elasticities. The own-price
elasticity is -3.48, while the cross elasticity is relatively small at 0.028. The very elastic
demand of these national builders from 2009 to 2012 justi es the builder's motivation to
clear out inventories using price adjustments during the housing bust and the beginning
of the recovery period. | further verify my ndings using a nested logit speci cation in
which the upper nest is either 1) zip code or 2) the three area categories urban/rural/
mixed. In these nested logit models, buyers rst choose the place they wish to live and,
within the place, choose the national builders. Under these speci cations, the implied
own-price elasticities are smaller but of a similar magnitude as those from the standard
logit speci cations. These estimated demand elasticities for homebuilders are larger than
the demand elasticities of housing prices reported in Song, 2021 (.99) and comparable to
those found in Anagol et al., 2021 ( 2.56), both of which estimate individual neighborhood

choices and use neighborhood-level housing pricés.

Discussion of Demand Estimates. My empirical ndings provide evidence that builders
respond e ectively to market shocks by reducing prices. Speci cally, | observe that the de-
mand for new homes exhibits a high degree of elasticity, implying that builders can achieve
signi cant increases in revenue by lowering prices in local markets as long as inventory

constraints are not in place. This large demand elasticity may be partially attributed to

5 Song, 2021 employs log(price) speci cations and obtain a mean-price coe cient estimate of 0.99. Sim-
ilarly, Anagol et al., 2021 nd a price coe cient of 1.975, with an average price of 6.5 R(= 1 :35). Con-
sequently, the average price elasticity can be computed as 1.975 * 1.35 * (1- market share), resulting in a
value below 2.56.
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Table 4.2: Estimates: Mean Builder Price Elasticities

Logit Nested Logit
Nests: Zip Code Urban/Rural/Mix
Own-Price Elasticity -3.480 -2.753 -3.116
Cross-Price Elasticity 0.028
Cross-Price Elasticity (within Nest) 0.058 0.282
Cross-Price Elasticity (cross Nest) 0.006 0.024

Notes: Estimated mean own-price elasticities and cross-price elasticities for each builder CZ based on
the builder demand estimates from Table C.2.

the unique conditions prevailing during the Great Recession, characterized by tightened
credit conditions and limited access to mortgage nancing.

The substantial di erence in elasticity recovered from my model with respect to the
housing demand elasticity found in existing literature is not surprising.® It is important
to note that the observed demand elasticity in my model pertains to the residual demand
curve for each speci c new homebuilderwithin homebuyers in the CZ. In contrast, the
housing demand elasticity re ects the broader responsiveness of the entire housing market
to price changes.

My estimates also suggest that the price changes implemented by competing builders
at the CZ level have only a minimal impact on market shares. The cross-price elasticity
within zip codes or various area types (urban, rural, mixed) is calculated at 0.058 and
0.282, respectively. Additionally, the cross-price elasticity across di erent market nests
stands at 0.006 and 0.024.

Using the demand parameters estimated, | construct the empirical demand system. |
denote the relative (to the outside option) utility of nonprice quality values of builder |
as g . This nonprice relative utility includes utility from the housing characteristics Xjm

and market time xed e ects:

5 Hanushek and Quigley, 1980 nd elasticities ranges of -0.22 to -0.54 and -0.19 to -0.64 in Pittsburgh and
Phoenix, respectively.

" These ndings are consistent with those presented in my working paper indicating that the spillover
e ects of national builders' nancial shocks are highly localized.
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| then parametrize the empirical demand functions at market m for builder j for the

supply estimates as:

gxp(Gm + 10g (pjm )

Si Si imJP im:Gm;q jm) = 411
m o SmPm P Gn G m) = T g + log ()
- - exp(gm + log (pim))
D. Dim (D o Gm o im) = p ; 4.12
im im (Pm JP jm ;Gm :d jm) T+ exp(Gen + 109 (pxm)) m ( )
4.2.2 Supply Estimation Results
Supply-side ldenti cation. Linearization of the terms in equation 4.5 leads to the

following estimation equation, which includes unanticipated price shocks and measurement
errors in debt or inventory value, represented by ¢, , which | assume to be i.i.d. random

shock:

1

m)):('ogln o)+ ~( Debt(pr))+ im: (4.13)

log(prm (1

Using the observed values of builder{CZ-level pricepsm, , market share s¢, , net debt-
level Debt, and the demand-side parameter recovered from section 4.2.1, | estimate the
set oflog | o for all CZ{sale-quarter m, and builder tier I, and .

Variations in net debt levels across di erent builders of the same tier in the same CZ
selling at di erent prices provide identi cation in this model. Furthermore, any unobserved
components that a ect the rm's debt level should not be correlated with log |, 0
which directly follows from the assumption that ¢y, is an i.i.d. random shock. Assuming
that builders in the same tier have the same inventory value per unit of home, the set of

log |, o for market m and builder tier | is estimated by CZ { builder tier{sales quarter
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xed e ects. As the linear cost of debt is common to all builders, the values ¢ and log ln
are not separately identi able in this regression.

Table 4.3: Supply Parameter Estimates: Quadratic Cost Parameter

CZ-Quarter FE CZ-Quarter-Tier FE

1) 2) 3) (4)
-(Net Debt) (billion $) .0195 .0117
(4.85e-03) (4.23e-03)
-(Net Debt to Asset Ratio) .105 144
(.02) (.0169)
Constant 12.2 12.2 12.1 12.2
(.00694) (.00672) (.00567) (.00554)
N 4724 4724 2543 2543
R? 0.555 0.557 0.895 0.900
Mean yDebt(ps) -0.021 -0.026 -0.013 -0.039
Mean debt 1.094 0.251 1.105 0.271

Notes: This table presents the estimated values of . The dependent variable is log(prm (1 ﬁ)).
Columns 1-2 include CZ{sales quarter xed e ects, and columns 3-4 include CZ{sales quarter{tier xed
e ects. The mean debt level in columns 1 and 3 is in billions of dollars.

Supply-Side Estimation Results. Table 4.3 provides the estimated values of y across
di erent speci cations. All coe cients are statistically signicant (at p = 0:01) and of
positive sign, implying that the marginal cost of debt increases with the debt load. From
equation 4.13, this positive coe cient also implies that the marginal e ect of debt on price
is negative { all else equal, builders with more debt charge lower sales prices. The average
values of § Debt(ps) represent the meanpartial e ects of quadratic debt costs on prices.
I nd that this value varies between 0.013 and 0.039, indicating that the presence of the
costly debt accounts for about a 1.3 to 3.9 percent reduction in the prices net of markup:
log(prm (1 m))_s

Using column 4 of Table 4.3 as the baseline speci cation, | estimate the values of

log( !) n for all builder tier, CZs, and sale quarter combinations. Figure 4.3 displays

8 Since this net debt level depends on the price, the equilibrium e ects need to be quanti ed using the
estimated values of the model's parameters. See section 4.2.3 for the quanti cation of equilibrium debt
cost.
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the distribution of the estimated values from the 2009-2012 period. The estimated carrying
values for an unsold housing unit range from$100k to $500k, with many falling within the

$150k and $250k ranges.

Figure 4.3 : Estimated Values of | =exp( n)

Notes: This gure presents the distribution of estimated values of exp(log( &) ), from CZ{sales quarter{
builder tier xed using speci cation (4) in Table 4.3. Figure C.1 presents the histograms of estimated values
by builder tier.

Table 4.4 presents estimated lower bounds of!, for median-tier (tier 3) builders across
various markets and periods? Notably, di erences in average carrying values of unsold
inventories ( 3,) are observed both across CZs and over time. Overall, | nd that CZs
with higher home prices tend to have higher carrying values and that these carrying values
typically increase during the later phase of housing busts in most markets, re ecting the
resurgence in housing values that began in 2011. | also illustrate the di erences in the
estimated inventory carrying values from the average sales price of homes in builder tier in
a given market (log( 3=p%,)) and nd signi cant variations across regions. For instance,
in Chicago between 2009 Q1 and 2010 Q2, carrying values were approximately 33 percent
lower than the average sales prices. In Jacksonville, Florida, during the same period, the

carrying values were 15 percent lower than the average sales values. Similarly, from 2011

% log( &) o recovered from the xed e ects used in the regression of equation 4.13 cannot separately
identify log( &) and . Consequently, Table 4.3 presents the values ofexp(log( ) n). Given the
assumption that the linear cost of holding debt is positive ( o > 0), the values presented in the table

represent the lower bounds of the actual 1.
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Q2 to 2012 Q4, Orlando experienced a 30 percent reduction in carrying values relative to
sales values for homes built by median builders.

Table 4.4: Estimated Mean Values of , for Selected CZs

Metro Area in CZ 2009 Q1{2010 Q2 2011 Q2{2012 Q4

3 ($1,000) log( 3=pd) & ($1,000) log( =p})
Chicago{Naperville{Joliet, IL 189.09 0:326 220.71 0:232
Bakers eld, CA 146.28 0:318 176.90 0:243
Washington{Arlington{Alexandria, DC-VA-MD-WV 301.67 0:246 310.86 0:211
Austin{Round Rock, TX 158.95 0:236 172.00 0:262
Dover, DE 220.02 0:200 215.52 0:236
Durham, NC 182.53 0:195 185.16 0:206
Houston{Baytown{Sugar Land, TX 153.24 0:173 173.52 0:163
Orlando, FL 169.22 0:172 153.27 0:298
Jacksonville, FL 164.13 0:153 169.72 0:206

Notes: The table displays the estimated values of carrying values  for middle-tier builders (tier 3) averaged
across 2009 Q1{2010 Q2 and 2011 Q2{2012 Q4 from equation 4.13log( 3 =pd ) represents the percentage
di erence between the estimated 2 from the average sales values of the tierpS, .

(a) Transaction Year (b) Transaction Year +1

Figure 4.4 : Relationship between |, and Mean Transaction Price
Notes: In the scatterplot, each point represents the builder tier { CZ { sales quarter estimates of log &  o.
Panel a displays the relationship between the estimated values and the average transaction prices of homes
sold by builders in the same tier in the same year of the transaction. Panel b displays the relationship with
the average transaction prices of homes sold by builders in the same tier in the next year. The solid line in
the graph represents the 45-degree line.

Figure 4.4 provides a visual representation of the estimated values faog( |,) 0, N

comparison to both the mean tier price in the transaction year and the mean tier (panel (a))
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price in the subsequent year (panel (b)). Panel (a) displays that in general, the inventory
holding value is lower than the mean tier price in the current year. This is due to the
holding costs which include expenses such as property taxes, insurance, and maintenance
costs and the discounted value of future prots. However, some values are positioned
above the 45-degree line, indicating that delaying the sale until the next period may be
signi cantly more pro table, even in the presence of holding costs. The presence of these
large estimates re ects the improving market conditions during the period of my analysis,
from 2009 to 2012.

Panel (b) displays the comparison of the estimated values with the mean tier sales prices
in the next year. Unsurprisingly, most of the estimated values are smaller than the average
realized sales price in the next year. This implies that even when the builders' expectations
of the unsold inventory value align precisely with the next-period prices, inventory holding
values are still evaluated lower because of the presence of holding costs and the discounting
factor.19 Interestingly, a few estimated values are still located above the 45-degree line.
This re ects either 1) builders' overestimation of the inventory values, or 2) the sales values
in the subsequent yeamay not be a good proxy for builders' expectation for thenext period.

Table 4.5 presents the values and distributions of the estimated parameters. The pre-
dicted t for the builders' sales prices is depicted in Figure C.2, where each point represents
the CZ builder quarter average price (in log) that the builder charges (the simulation
procedure is described in section C.2). Overall, the model predicts prices well, except those

in the very top of the distribution.

4.2.3 Quanti cation of Key Mechanism

The key parameter of my model is the quadratic cost of debt, which determines builders'
urgency to generate cash ow, and makes the pricing decisions interconnected. How im-

portant was this channel during the sample period, and how does not accounting for this

10 These estimated carrying values, represented as E [pi+1 ¢], result in E [ps1 €] < prs1 When
E[pt+1 ] = pt+1 , due to the presence of holding costs € > 0) and the discounting factor ( < 1).
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Table 4.5: Parameters for Equilibrium Model of New Single-Family Homes

Description Parameters Values Estimated/Calibrated

Housing Demand

Disutility of prices -3.52 Estimated in section 4.2.1
Nonprice utility Xijt+ jt Mean: 40.76

10p,50p,90p: Estimated in section 4.2.1

f38.64,40.62,43.1F
Utility from outside options Uet 0 Normalization
Builder Payo
Quadratic cost of debt N 141 Estimated in section 4.2.2
Carrying value of inventory log 'm 0 Mean:12.14
(net of linear cost of debt) 10p,50p,90p: Estimated in section 4.2.2
f11.73,12.07, 12.65 g
P
Prerevenue net debt Debtio+  nom . MCtm | tm Mean:1679
($ Millions) 10p,50p,90p: Calibrated from Data
f402,1547,3378
Debts o+ maom . MCtm lim

Prerevenue net debt per asset Asset Mean: .43
(leverage ratio) 10p,50p,90p: Calibrated from Data

£.19,.39,.73
Exogenous market size Mm Mean: 10639
(Demand for SFH in CZ  Quarter) 10p,50p,90p: Calibrated from Data

£2900,6415,23692

cost misquantify the pricing decisions of multimarket rms?

I compute equilibrium prices under scenario where the builder's cost of nancing is
eliminated ( y = 0), allowing all builders to invest in housing stock without restriction
and to wait to sell until demand recovers. This case eliminates the rush to generate
liquidity by granting builders unlimited access to external capital. Additionally, |1 double
the quadratic cost of nancing from the current value of § = 0:14 to re ect the higher
cost of nancing through external capital for smaller builders and explore the extent of the
price changes.

In the absence of the nancing frictions, my estimation indicates that public builders
could increase their prices by 3 to 5 percent from 2009 to 2012 (see Table 4.6). Given that

public builders, on average, maintain gross margins of 15 percent from new home sales,
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these discounts driven by the urgency of generating cash ow correspond to a 20 to 30
percent reduction in their margins. This loss amounts to an$8 million loss in a quarter,
equivalent to the quarterly average revenue from home sales of publicly traded builders
within a single commuting zone.

Table 4.6: Price Adjustment Due to Debt Cost

Variable Obs Mean Std. Dev. P10 P50 P90
P (%, Removing Debt Cost) 2275 .043 .033 .016 .042 .075
P (%, Doubling Debt Cost) 2275 -.043 .031 -075 -.043 -.018

Figure 4.5 : Observed Margins and Counterfactual Margins without Debt Cost

Figure 4.5 o ers a detailed breakdown of the results for individual builders. The analysis
indicates that the cost of debt had a signi cantly negative impact on certain builders,
causing them to reduce their pro t margins by up to half.

In general, builders who were originally highly leveraged had to lower their prices due
to the nancing costs (Figure 4.6). However, some builders were able to fare well, thanks
to the positive cash ow generated from multiple markets, which o set their initial debt
burdens. For example, LGl Homes thrived in relatively stronger northeast markets during

the sample period, resulting in lower external nancing costs and high pro t margins.
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NVR, which is known for its low level of speculation, is another interesting observation.
Its signi cantly lower inventory compared to competitors allowed the builder to incur lower
inventory costs, rely less on external nancing, and set higher prices even during a local

market downturn.

Figure 4.6 : Average Leverage Ratio by Builders

4.3 Counterfactual Analysis

Given the estimated parameters, | conduct counterfactual exercises to simulate the equi-
librium e ects of (i) changing the number of builders' operational markets and (ii) giving
builders more market power in local markets by adjusting buyers' relative preference for
new homes. Appendix C.2 describes in detail the iterated xed-point algorithm used for

simulation.

4.3.1 Geographical Diversi cation

Considering the localized nature of operations and contracts, what bene ts do builders
gain from operating in multiple and distant geographical regions? In section 3.2, | show

that under the presence of external nancing cost, builders operating in multiple markets
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bene t from diversi cation when the shocks are not perfectly correlated. In the real world,
demand patterns in local housing markets uniquely vary over time, in uenced by factors
such as population density, municipal policies, and industrial composition:!

My reduced-form ndings suggests that builders operating in a greater number of CZs
discount prices less in response to shocks from other markets. However, this observed ef-
fect can be confounded by the fact that builders who accumulated more wealth in previous
years or possess greater pricing power in local markets are more likely to enter new mar-
kets. Furthermore, geographical diversi cation is often correlated with builders' size, which
directly a ects their access to external capital, further in uencing their incentive to sell
at re-sale prices to raise liquidity. To quantify the bene t of geographical diversi cation,
apart from the confounding e ects of builders' nancing costs or market power, | compute
the equilibrium prices charged by builders with di erent degrees of diversi cation.

First, 1 assign 13 identical builders, equal to the number of public builders in my sample,
to operate in 39 distinct local housing markets, equal to the average number of commuting
zones public operated prior to the housing busts. These markets represent the most volatile
CZs operated by national builders.

Markets are ex ante symmetrical in that builders share the same expectation for the
demand for new homes in each markeM, (E[M,] = Cp;8n 2 M ) and anticipate the same
future price per unit of unsold housing inventory(E [pnt+1] = €1;8n 2 M ). | set the average
market size to match the average pre-Recession demand level, whichE{M ,] = 20; 000:*?
Furthermore, builders are identical in four key aspects: (i) the amount of external capital
that they hold before the realization of housing sales revenue, (ii) the housing quality that
they provide, characterized by nonprice product attributes, (iii) the number of homes that

they have constructed in each CZ, and (iv) the cost of external capital, denoted asg, N-.

1 Figure B.8 presents changes in local housing prices over time after removing the common national
component and the linear trend of local housing price change over a 40-year period.

12 This exogenous market size is the only variable that di ers from those estimated or calibrated from data.
Note that the exogenous market size in Table 4.5 corresponds to the average quarterly quantity of all single
family homes transacted between 2009 and 2012
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| consider three scenarios: 1) each builder operates in 30 markets, resulting in 10
builders per market; 2) each builder operates in 15 markets, with 5 builders per market;
and 3) each builder operates in 3 markets, each with only one builder. The rst case re ects
the average geographical coverage of publicly traded builders during 2009{2011, while the
last case represents median multimarket builders during 2009{2011.

For the carrying values of inventory, | use the mean values of estimated parameters in
Table 4.5, re ecting that builders in each market have the same expectation of the future
values of unsold inventory. | use the model's estimated quadratic cost of debty = :141
and the buyers' price sensitivity parameter = 3:52

Finally, because the number of builders in each market in my simulation is di erent
from the actual number, | adjust the quality value of nonprice product characteristics (q)
for each builder. In the case off* builders in each local market,qf is set so that the total
market share of national builders in each local market remains the same as the data mean,

i.e.,:

X
exp(ch) = 5 exp(ce) = 10exp(cho) = exp(X jt + jt):
j=1

| simulate the housing market over 100 periods, with each period involving a random
selection of 6 out of the 39 markets experiencing a negative demand shock that di ers from
the builders' expectations while the remaining markets experience the expected level of
demand, E[Mp]. | let the markets hit by the negative demand shock experienceM, =
0:4E [Mp]; proxying the average change in the number of new home sales transacted in the
four most negatively a ected states.

Figure 4.7 presents the equilibrium response of builders in markets that experienced an
adverse demand shock. The equilibrium price outcomes indicate that the most diversi ed
builders discount their prices by 0.5 to 1 percent and the least diversi ed builders by 1.5
to 5 percent in response to the shock.

In the extreme case, the divergence in discount rates between the most and least diver-
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Figure 4.7 : Price Discount in A ected Local Markets

si ed builders amounts to a 4 percent di erence in prices. This equates to approximately
one-third of the average pro t margins experienced by publicly traded builders. Given that
the quadratic cost of capital employed in this simulation is based on parameters derived
from publicly traded builders, the impact is likely to be even more substantial for builders
with higher values of . Consequently, these diversi cation bene ts may underestimate

the true advantages experienced by smaller builders.

4.3.2 Change in Market Structure

One distinctive feature of my model is its ability to predict how changes in market struc-
ture in uence pricing outcomes. For example, the recent increase in mortgage rates has
discouraged current homeowners from selling their homes and purchasing another at higher
interest rates. As a result of the limited supply of existing property, homebuilders gained
an advantage and increased their market share. As illustrated in Figure 4.8, this stands
in stark contrast to the competitive landscape observed during the housing market down-
turn following the Great Recession, a period characterized by an oversupply of resale and
foreclosure properties, which generally reduced the market share of national homebuilders.

How does an increase in the in uence of national builders impact their pricing strate-
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Figure 4.8 : Lock-in E ects

Notes: This graph illustrates the correlation between 30-year xed mortgage rates and the proportion of
existing sales among single-family properties.

gies? Furthermore, how do nancial frictions interact with changes in market structure
to a ect the price equilibrium? | conduct counterfactual simulations in which the market
share of public homebuilders triples, re ecting the change in existing home sales between
2011 and 2023. | adjust the nonprice utility parameters for all public builders in my sam-
ple (gt ), as described in Appendix C.2, under three di erent quadratic costs of external

capital: no cost ( y =0), the current cost ( y = :143), and a doubled cost ( n = :3).

4.4 Conclusion

This chapter examines the role of geographical diversi cation in the homebuilding indus-
try in the United States. | develop a novel equilibrium model of the new housing market
by combining an equilibrium model of pricing decisions under oligopoly and an external
nancing cost that is endogenously determined by the stream of revenues fronall local
markets of operation. | nd that geographically diversi ed builders are better protected
from these downturns, as they can actively leverage pricing strategies from other local

markets with di erent inventory values and demand patterns. In illustrating this, | also
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emphasize that nancing friction is the key mechanism driving these benets. Financ-
ing frictions impact builders' urgency to generate liquidity, consequently in uencing their
reliance on price adjustments across all markets of operation to generate cash ow.
While the related questions require further exploration, this chapter takes a step toward
understanding the impact of nancial frictions and the strategic use of product diversi ca-
tion. The empirical structural model can be extended to other scenarios in which rms or
investors involved in managing durable goods operate in markets characterized by distinct

demand patterns.
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Conclusions and outlook

This dissertation o ers new insights into the drivers of housing supply decisions{both for
existing homes and new construction. For existing homes, | develop a framework that
explains how constraints on new housing supply, combined with increasing demand for city
homes, interact with homeowners' incentives to upgrade their properties. The model re-
veals an equilibrium e ect in which supply restrictions exacerbate a ordability challenges
across the market through the upgrading channel. For new homes, | present a framework
illustrating how rm-level nancial constraints shape pricing decisions and show that larger
builders gain a competitive advantage through this channel during housing market down-
turns. | nd that geographical diversi cation contributes signi cantly to builders' prot
margins, suggesting that such risk diversi cation enhances resilience to localized housing
shocks.

The rst chapter can be extended to explore how cities with di erent growth patterns{
cities with growing demand, cities with declining demand, and cities with stable demand
with varying degrees of regulation and barriers to new supply{exhibit di erent pricing
patterns. While the second and third chapters address key questions about the role of
diversi cation in short-run margins of adjustment, particularly pricing and inventory deci-
sions, future research could explore additional dimensions. One important area abstracted
away in this analysis is the builder's endogenous decision of where to operate and how
much to invest in each local market. Future work could model these operational choices

dynamically, incorporating expectations about unsold inventory values as estimated in this
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study. This dissertation also does not assess the welfare implications for buyers of mul-
timarket builders or their local competitors. In related work, I nd that discounted new
properties appear to bene t homebuyers without harming medium-term market conditions.

| also nd that these homes are predominantly purchased by individual buyers rather than

corporate investors seeking to \ ip" or rent them as single-family rentals.
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A
Appendix for Chapter 2

A.1 Measure of Major Upgrades

@ (b)

Figure A.1 : Changes in E ective Year Built
Notes: Comparison of changes in relative sales prices within a zip code for properties that experienced
changes in the e ective year built and those that did not, based on tax assessor data. The histogram
includes all resale property transactions where the changes in the percentile of sales prices are well-de ned
within the zip code (i.e., the zip code has at least 80 property transactions within a year, and the properties
are resale properties). A transaction is agged as having an e ective year built change if the e ective year
built variable changed between the time of the current sale and the preceding sale.
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Table A.1: List of top 50 CBSAs and the share of properties with major upgrades

Share of major upgrades Share of new properties Land share of house value

New York-Newark-Jersey City, NY-NJ-PA 0.108 0.037 0.407
Los Angeles-Long Beach-Anaheim, CA 0.099 0.050 0.625
Chicago-Naperville-Elgin, IL-IN-WI 0.085 0.063 0.207
Dallas-Fort Worth-Arlington, TX 0.070 0.282 0.199
Houston-The Woodlands-Sugar Land, TX 0.074 0.147 0.167
Washington-Arlington-Alexandria, DC-VA-MD-WV 0.056 0.162 0.366
Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 0.086 0.072 0.238
Atlanta-Sandy Springs-Alpharetta, GA 0.051 0.193 0.210
Boston-Cambridge-Newton, MA-NH 0.111 0.029 0.478
Phoenix-Mesa-Chandler, AZ 0.073 0.150 .
San Francisco-Oakland-Berkeley, CA 0.085 0.063 0.384
Riverside-San Bernardino-Ontario, CA 0.072 0.102 0.250
Detroit-Warren-Dearborn, Mi 0.103 0.021 .
Seattle-Tacoma-Bellevue, WA 0.078 0.158 0.370
Minneapolis-St. Paul-Bloomington, MN-WI 0.076 0.100 0.260
Miami-Fort Lauderdale-Pompano Beach, FL 0.074 0.146 0.255
San Diego-Chula Vista-Carlsbad, CA 0.071 0.181 0.449
Tampa-St. Petersburg-Clearwater, FL 0.071 0.175 0.212
Denver-Aurora-Lakewood, CO 0.064 0.171 0.220
Baltimore-Columbia-Towson, MD 0.070 0.125 0.391
St. Louis, MO-IL 0.072 0.151 0.210
Orlando-Kissimmee-Sanford, FL 0.068 0.127 0.192
Charlotte-Concord-Gastonia, NC-SC 0.043 0.269 0.202
San Antonio-New Braunfels, TX 0.071 0.181 0.171
Portland-Vancouver-Hillsboro, OR-WA 0.073 0.143 0.317
Sacramento-Roseville-Folsom, CA 0.070 0.129 0.278
Pittsburgh, PA 0.070 0.101 0.234
Austin-Round Rock-Georgetown, TX 0.072 0.157 0.181
Las Vegas-Henderson-Paradise, NV 0.069 0.160 0.205
Cincinnati, OH-KY-IN 0.045 0.104 0.225
Kansas City, MO-KS 0.076 0.120 0.180
Columbus, OH 0.048 0.117 0.226
Indianapolis-Carmel-Anderson, IN 0.081 0.156 0.181
Cleveland-Elyria, OH 0.076 0.121 0.230
San Jose-Sunnyvale-Santa Clara, CA 0.071 0.178 0.553
Nashville-Davidson{Murfreesboro{Franklin, TN 0.071 0.168 0.224
Virginia Beach-Norfolk-Newport News, VA-NC 0.072 0.171 0.340
Providence-Warwick, RI-MA 0.075 0.090 0.421
Jacksonville, FL 0.070 0.187 0.213
Milwaukee-Waukesha, WI 0.072 0.061 0.277
Oklahoma City, OK 0.070 0.119 0.182
Raleigh-Cary, NC 0.074 0.148 0.226
Memphis, TN-MS-AR 0.060 0.089 0.235
Richmond, VA 0.070 0.181 0.254
Louisville/Je erson County, KY-IN 0.071 0.175 0.190
New Orleans-Metairie, LA 0.081 0.062 0.208
Salt Lake City, UT 0.071 0.163 0.213
Hartford-East Hartford-Middletown, CT 0.082 0.013 0.358
Bu alo-Cheektowaga, NY 0.085 0.037 0.144
Total 0.074 0.129 0.271
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A.2 Measure of A ordability

In this section, we quantify the amount of a ordable homes lost due to teardowns and
renovations of existing homes and provide a counterfactual a ordability improvement in
the absence of renovations. Using the transaction prices and the transaction dates, we rst
compute the imputed rents|the mortgage payment an average buyer pays per month.
Homes are de ned as a ordable within a county if the imputed monthly rent is below 30,
35, or 40 percent of the median county-level monthly income. Using the 2015 average for
all buyers, we assume the down payment rate to be 10 percent of transaction prices and
apply the 30-year xed national monthly average mortgage interest rates at the time of
purchase, as provided by Freddie Mac. We use the county-level median income provided

by the 2015 ACS Median Household Income Estimates.

saleamount 0:9 r (1+ r)360

A ordable = 1f @+ %0 1

< Median County-Level Monthly Income DTlg
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B

Appendix for Chapter 3

B.1 Institutional Detalils
B.1.1 Market De nitions

This paper de nes a housing market as a commuting zone (CZ), a collection of geograph-
ically adjacent counties with a shared local economy and labor market. In my research
context, the housing market must re ect how homebuilders perceive markets and make
pricing decisions. Therefore, my housing market de nition is broader in scope than de ni-
tions in other studies based on criteria such as census place (Quintero, 2022), metropolitan
area (S. D. Campbell et al., 2009), and the ndings of Piazzesi et al. (2020) that a quar-
ter of searchers search exclusively in one zip code and that the 90th percentile range of
searchers in terms of distance between zip codes is approximately 21.1 miles. This section
suggests that homebuilders' unit of operation is larger than the county but smaller than
the state and that the commuting zone can serve as a proxy for the market unit.

Many national homebuilders categorize their \housing markets" on their websites to re-
ect the representative markets in which they operate. For example, Pulte Homes includes
homes in Brazoria County within its Houston market, considering it part of the same CZ
as Travis County, the representative county of the Houston metropolitan area. However,
they have separate tabs for Durham and Raleigh, despite these two cities' being in the
same CZ. Similarly, Lennar groups counties within the same CZ, such as Los Angeles and

Orange County, San Francisco and the Bay Area, and the Maryland and D.C. metro areas.
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