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Abstract

My dissertation contains four chapters. The first chapter is the introduction. The
second chapter is my job market paper. The third chapter is my third-year paper. The last
chapter is the conclusion.

Chapter 2 analyzes the effects of real interest rates on homebuilders and the hous-
ing market under fixed-rate mortgages (FRM), both in long-run equilibrium and during
transitional dynamics, and finds that the endogenous supply-side response to interest rate
increases mitigates short-run housing price declines. I develop a heterogeneous agent model
incorporating different mortgage structures, liquid assets, lumpy housing adjustment, and a
construction sector with time-to-build constraints to decompose the effects of interest rates
on housing prices. The findings demonstrate that in a long-run stationary equilibrium,
heterogeneous household policy functions and the corresponding stationary distribution
influence housing demand, while increased interest rates consistently suppress construc-
tion activity. The calibrated model demonstrates that when the interest rate temporarily
increases from 0.618% to 6%, it results in short-run housing prices exceeding those in a
counterfactual without endogenous supply by 5 to 7 percentage points of the stationary
price. Adjustable-rate mortgages reduce short-run housing prices by 1 percentage point of
the stationary price relative to fixed-rate mortgages. The builder’s financial constraint has
limited impact on housing prices since a temporary increase in interest rates lowers optimal
construction levels, resulting in a looser financial constraint.

Chapter 3 analyzes the effect of housing prices on non-homeowners’ non-housing con-
sumption. Using a heterogeneous agent model, I show that low- and high-wealth households
utilize unsecured debt, while middle-wealth households save against liquid assets. High-
wealth households are simultaneously homeowners and mortgage borrowers. Rising housing
prices generate increases in interest rates due to enhanced housing pledgeability, which sub-
sequently crowds out unsecured debt availability for low-wealth households. Higher housing
prices elevate the wealth threshold necessary for homeownership due to increased down pay-

ment requirements and the minimum purchase constraint. Although non-homeowners lack
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housing assets on their balance sheets, housing prices nonetheless impact their consumption
through credit market spillovers. A reduction in the loan-to-value ratio constrains mortgage
borrowing capacity, thereby decreasing aggregate mortgage demand. This effect on credit
markets results in a lower equilibrium interest rate and attenuates consumption inequality

across the wealth distribution.



Dedication
To my family: LC, MC, Wendy, TT Kao, and my new-born daughter TT Chen. I love

you so much.

vi



Contents

Abstract . . . . . . iv
List of Tables . . . . . . . . . X
List of Figures . . . . . . . . xi
Acknowledgements . . . . . ... xii
1 Introduction . . . . . . . . . L 1

2 Long- and Short-run Effects of Interest Rates on Builders and the Housing Market 3

2.1 Imtroduction . . . . . . . . .. 3
2.2 Related Literature . . . . . . . . ... 7
2.3 Model . . . .. 8
2.3.1 Environment . . . . . .. ... 10
2.3.2 Builders . . . . .. 10
2.3.3 Households . . . .. . .. . . 12
2.3.4 Rental Companies . . . . .. . . ... ... ... 16
2.3.5 Equilibrium . . . .. ..o 16
2.4 Calibration and Quantitative Analysis . . . . .. .. .. .. ... ... ... 18
2.4.1 CQalibration . . . . . ... 19
2.4.2 Long-run Stationary Equilibrium Analysis . . . . .. ... ... ... 21
2.5 Transitional Dynamics—the Effects of Interest Rate Shocks . . . . . . . . .. 24
2.5.1 Interest Rate Shocks in Baseline: FRM with Builders . . . . . . . .. 26
2.5.2  Counterfactual with Fixed Supply: the Role of Builders . . . . . .. 28
2.5.3 Counterfactual with ARM: the Role of Mortgage Structure . . . . . 30
2.5.4 Counterfactual with Builder’s Financial Constraint: the Role of Fi-
nancial Friction . . . . . . ... .o oo 31
2.6 Conclusion . . . . . . . . . .. 33

3 Effects of Housing Prices on Credit Allocation in a Heterogeneous-Agents Model . 35

3.1 Introduction . . . . . . . . . L 35

vii



3.2 Related Literature . . . . . . . . . . s 38

3.3 A Two-Period Model . . . . . .. ... .. 39
3.3.1 Environment . . .. ... ... 40
3.3.2 Household Problem . . . . . . .. .. ... ... ... ... ... . 41
3.3.3 Equilibrium . . .. ... 45

3.3.4 Asymmetric Effects on Financial Constraints and Credit Distribution 46

3.4 Dynamic Model . . . . . . . ... 48
3.4.1 Environment . . . .. .. ... L o 49

3.4.2 Households . . . . ... . ... . 49

3.4.3 Stationary Equilibrium . . . . . . ... ... 52

3.5 Calibration and Quantitative Analysis . . . . . . . ... ... ... ... .. 55
3.5.1 Calibration . . . . . ... ... .. 55

3.5.2 Stationary Equilibrium Analysis . . . . . ... ... ... ... ... 56

3.6 Counterfactual Analysis . . . . . . .. ... ... 57
3.6.1 Increase in Housing Price . . . . . .. .. .. .. ... ... ... 57

3.6.2 Decreasein LTV Ratio . . . . ... ... ... ... ... ...... 60

3.7 Conclusion . . . . . . . ... 61

4 Conclusion . . . . . . . .. 63
Appendix A Builder’s Problem . . . . . . ... ... 0 65
Appendix B Representative Household and Exogenous Housing Supply . . . . . . . . 67
Bl Casel: B(1+7r)=1 ... . ... 68
B2 Case2: B(1+7r) <1 ... .. 68
Appendix C Details of Moments . . . . . . . . ... ... 70
Appendix D Numerical Computation . . . . . . . . .. ... ... ... ... 71
D.1 Stationary Equilibrium . . . . . ... ..o o 71
D.2 Transitional Dynamics . . . . . . . . ... .. ... 72

viii



Appendix E Figures for Chapter 2 . . . . . . . . .. . ... ... 74

Appendix F Proof of Lemma 3.3.1 . . . . . ... ... ... ... ... ... ... 79
Appendix G The Two-Period Model Equilibrium . . . . ... ... ... ... .... 80

G.1 Proof of Proposition 3.3.2 . . . . . . . .. .. 82
Bibliography . . . . . . .. 83

ix



List of Tables

2.1 Baseline Parameter Values

2.2 Targeted and Non-targeted Moment . . . . . . . . . ... ... ... ......

2.3 Housing Price Dynamics Decomposition . . . . . . ... ... ... .. .....



List of Figures

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3.1

3.2

3.3

3.4

3.5

El

E2

E3

E4

E5

30-year Mortgage Rate and Housing Price Index (Q1 2020-Q2 2024) . . . . . .
Real Interest Rate and Housing Permit and Starts Growth (Q1 2000-Q1 2022) .
New Housing Supply Curve . . . . . . . . . ... . ... .. .. .. ...
Aggregate Housing Demand Curve . . . . . .. ... ... ... ... ......
Individual Household Simulation under p, =3 and r =0.618% . . . . . . . ..
Transitional Path to Interest Rate Shock—Baseline with FRM and Builders . . .
Transitional Path to Interest Rate Shock—Builders and Fixed Supply . . . . . .
Transitional Path to Interest Rate Shock-FRM and ARM . . .. ... ... ..

Transitional Path to Interest Rate Shock—with and without Builder’s Financial
Constraint . . . . . . . . L

New Housing Debt Share and Housing Price Index (Q1 2000-Q4 2020) . . . . .
Heterogeneous Household Decision . . . . . . . .. ... ... .. ... .....

Average Credit Card Debt (2011-2019) and Mortgage Debt (2003-2019) among
Wealth Quintile . . . . . . . .. ..

Heterogeneous Household Decision with g, =843 . . . . . . .. ... ... ...
Heterogeneous Household Decision with 6 =04 . . . . . .. ... ... ... ..
Real Interest Rate and Housing Completion Growth (Q1 2000-Q1 2022)

Owner-occupied House . . . . . . . . . . ...
Rental House . . . . . . . . . . .

Transitional Path of Share of Stayer and Homeowner to Interest Rate Shock—

FRM and ARM . . . . . . . o

Transitional Path of Marginal Cost of Equity Issuance to Interest Rate Shock—
with and without Builder’s Financial Constraint . . . . . ... ... ... ...

xi



Acknowledgements

I am deeply indebted to my advisor, Andrea Lanteri, for his patience, kindness, and
invaluable guidance throughout my doctoral studies. I extend my sincere gratitude to my
committee members David Berger, Adriano Rampini, and Kyle Jurado for their constructive
feedback on my third-year paper and job market paper.

I am grateful to Matthias Kehrig, Gregor Jarosch, Craig Burnside, Cosmin Ilut, and
Laura Pilossoph for their insightful guidance and assistance with my research. I also ap-
preciate the valuable comments from seminar participants at Duke University and National
Taiwan University, as well as conference participants at the Macroeconometric Modelling
Workshop, Duke/UVA /FRB Richmond Workshop, and Taiwan Economics Research.

I wish to thank Seohee Kim, Tulio Sousa, John Shin, Sung-Ju Wu, David Shin, Weiting
Miao, Jaimie Choi, Chun-Che Chi, Tsung-Hsien Li, Wen-Tai Hsu, Yiting Li, Hung-Ju Chen,
and Shane Su for their thoughtful comments and suggestions. Any remaining errors are my

OW1l.

xii



1. Introduction

Concerns regarding the impact of elevated interest rates on housing prices and their
subsequent effects on household housing affordability and consumption have intensified
in recent years. This dissertation analyzes the bidirectional relationship between hous-
ing and credit markets, examining both how interest rate fluctuations influence housing
price dynamics and how housing valuations affect interest rates and household credit al-
location. Chapter 2 first establishes that short-run interest rate fluctuations significantly
influence housing prices through construction firms’ endogenous responses to time-to-build
constraints. Furthermore, Chapter 3 investigates the transmission of housing price changes
to credit allocation and consumption inequality through the interaction of unsecured and
secured debt instruments among heterogeneous households in the credit market. This
dissertation proposes novel mechanisms governing the bidirectional relationship between
housing and credit markets.

Chapter 2, titled "Long- and Short-run Effects of Interest Rates on Builders and the
Housing Market," examines the differential impacts of real interest rate fluctuations on res-
idential construction firms and housing market equilibria under fixed-rate mortgage. The
analysis encompasses both steady-state equilibrium and transitional dynamics following in-
terest rate shocks. The quantitative framework decomposes the transmission mechanisms
through multiple channels, demonstrating that homebuilders’ endogenous supply responses
to interest rate increases attenuate housing price declines or generate price increases of
5 — 7% relative to fixed-supply counterfactuals in the short run. This effect is primarily
attributable to time to build, a mechanism previously unexplored in the literature. The
analysis establishes that the effects stemming from construction time constraints quantita-
tively dominate those arising from mortgage structure and builders’ financial constraints.

Chapter 3, titled "Effects of Housing Prices on Credit Allocation in a Heterogeneous-
Agents Model," develops a quantitative framework to analyze the transmission of housing
price fluctuations to non-homeowners’ consumption and consumption inequality through

credit market channels. Empirical evidence indicates that unsecured debt constitutes a
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larger fraction of household debt during periods of housing price depreciation post-2000.
Additionally, non-homeowners’ share of aggregate debt increases during housing market
downturns. Theoretically, non-homeowners lack direct housing assets on their balance
sheets, suggesting that housing valuation should not directly influence their consumption
decisions. However, this chapter analyzes that housing price appreciation indirectly crowds
out unsecured debt through general equilibrium effects in the credit market by enhancing
housing collateral value and expanding mortgage borrowing capacity by constructing an
Aiyagari-type heterogeneous agent model with endogenous housing investment and finan-
cial portfolio choices. The model generates an equilibrium household distribution where
low-wealth households are non-homeowners who utilize unsecured debt, middle-wealth
households are non-homeowners who accumulate savings, and high-wealth households are
homeowners who simultaneously leverage both secured and unsecured borrowing channels.
Through this credit market transmission mechanism, housing price appreciation reduces
non-homeowners’ debt share and consumption possibilities, thereby exacerbating consump-

tion inequality across the wealth distribution.



2. Long- and Short-run Effects of Interest Rates on
Builders and the Housing Market
2.1 Introduction

After 2022, we have witnessed a surge in both housing prices and mortgage rates. Figure
2.1 depicts a sharp increase in 30-year mortgage rates alongside steadily rising house prices.
This raises an important policy question about the effects of interest rates on housing prices.
Surprisingly, existing literature struggles to provide an explanation for this co-movement,
particularly as theoretical frameworks often predict a negative relationship between interest
rates and house prices due to declining demand caused by rising mortgage costs. This
puzzling pattern motivates a deeper exploration of the housing market dynamics and the

channels through which real interest rates affect housing prices.
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FIGURE 2.1: 30-year Mortgage Rate and Housing Price Index (Q1 2020-Q2 2024)

Note: This figure displays the time series of the average 30-year fixed mortgage rate with the blue real line (left y-axis) and
the all-transaction house price index with the red dash line (right y-axis) from Q1 2020 to Q2 2024 in the U.S. Source:
FRED.

How do real interest rate changes impact the housing market and real house prices

in both the short run and long run? This paper addresses this central research question



with a particular emphasis on the supply side—builders, a sector often underexplored in
the literature. Figure 2.2 shows that the housing permits and the housing starts growth
rates are negatively correlated with the real interest rate during the past 2 decades, with
correlation coefficients —0.457 and —0.421 respectively . This implies that new construction
investment from builders is very interest rate sensitive. In addition, a weak correlation
between housing completion and the real interest rate is displayed in figure E1, implying
that construction takes time to build (TtB). The evidence motivates me to consider the
builder channel subject to time to build in a rich model of the incomplete market and
heterogeneous households to investigate the effects of interest rates on housing prices and
the housing market.

Recent discussions emphasize the lock-in effect as the primary channel of higher housing
prices. Lock-in effect refers to the fact that when interest rates increase, homeowners with
low mortgage rates are disincentivized to sell or move under a fixed-rate mortgage (FRM)
structure.! This argument suggests that the lock-in effect reduces the quantity of existing
home supply, leading to rising housing prices. However, this channel primarily affects
housing quantity rather than price.

Why does the lock-in effect not adequately explain higher housing prices? In the housing
market, there are three key agents: new buyers, homeowners, and builders. The total
housing supply consists of listed existing houses from homeowners and new construction
from builders. The total housing demand consists of demand from new home buyers and
existing homeowners. The lock-in effect suggests that higher prices arise when the housing
supply from existing homeowners decreases. That is, there is an inward shift in supply.
However, this reasoning overlooks the fact that existing homeowners are not only suppliers
of used houses but also demanders of houses. When homeowners do not list their houses,
there is a simultaneous reduction in housing demand. Therefore, there is an inward shift in

demand. The resulting pattern is clear: the quantity of houses decreases, while the price

1 Another mortgage structure is the adjustable-rate mortgage (ARM). The mortgage payments vary with
the current interest rate.
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FIGURE 2.2: Real Interest Rate and Housing Permit and Starts Growth (Q1 2000-Q1 2022)

Note: This figure displays the quarterly time series of 1-year real interest rate with the blue solid line (left y-axis) and
builder’s construction investment growth rate with the red dashed line (right y-axis) from Q1 2000 to Q1 2022 in the U.S.
Specifically, the red dashed line in the top panel reports the new housing permits year-over-year growth rate. The red
dashed line in the bottom panel reports the new housing starts year-over-year growth rate. The correlation coefficient of
real interest rates and housing permits year-over-year growth rate is —0.457. The correlation coefficient of real interest

rates and housing starts year-over-year growth rate is —0.421.

response remains minimal.

The main contribution of this paper is to develop a more general model that incorporates



builders subject to time-to-build constraints and a detailed mortgage structure. Simulta-
neously, the model preserves key features such as household heterogeneity and incomplete
markets. Subsequently, I calibrate the model and quantitatively decompose the channels
through which the economy responds to changes in interest rates.

This model features overlapping-generation builders subject to time to build, financial
constraint of construction loans against partial value of construction projects, and equity-
issuance costs. Builders decide construction loans, dividends, construction inputs, and the
amount of new construction. I show that the interest rate deters the new construction due
to time-to-build constraints. Thus, a higher interest rate always decreases new housing
supply. The model also incorporates heterogeneous households facing idiosyncratic income
shocks and choosing consumption and housing subject to financial constraints and adjust-
ment costs. The financial constraints take the form of mortgage borrowing limits, which
are pledged against the residual future value of housing. I demonstrate that interest rate
changes not only discourage housing purchases through the mortgage cost channel but can
also increase housing demand from high-saving households. Furthermore, beyond influenc-
ing heterogeneous housing choices, interest rates affect the distribution of households, which
determines the dominant type of household response. There are overlapping-generation
rental companies that pin down the rental rate by Jorgenson user cost formula. In equi-
librium, the housing price clears the housing market while taking an exogenous interest
rate.

After calibrating the model to match key moments in the U.S. economy, I conduct a
quantitative analysis of a temporary interest-rate increase and decompose effects through
various channels in the short run. First, homebuilders’ response to rising interest rates
causes housing prices to either decrease by a smaller magnitude or increase compared to
the counterfactual with fixed housing supply in the short run, primarily due to time-to-build
constraints. Second, the decomposition reveals that rising interest rates (from 0.618% to
6%) contribute a 5 — 7% of the initial price level increase to housing prices compared to

those in the counterfactual with fixed housing supply in the short run. Third, the mortgage
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structure plays a significant role: compared to fixed-rate mortgages (FRMs), adjustable-rate
mortgages (ARMs) reduce housing prices by approximately 1% of the initial price level while
simultaneously decreasing the proportion of homeowners who maintain ownership (stayers)
and reducing the overall homeownership rate in the short run. Finally, financial constraints
on builders have limited effects on housing prices during periods of rising interest rates, as
builders respond by optimally decreasing construction levels, which in turn relaxes their
financial constraints.

The rest of the paper is organized as follows. Section 2.2 discusses the related litera-
ture. Section 2.3 describes a model that features builders, heterogeneous households, and
rental companies to illustrate interest rate mechanisms in the housing market. Section 3.5
calibrates the model and analyzes mechanisms in the stationary equilibrium. Section 2.5
analyzes the transitional dynamics in economies with builders, without builders, with ARM

structure, and with builder’s financial constraint respectively. Section 3.7 is the conclusion.

2.2 Related Literature

This paper mainly contributes to two branches of literature. First, this paper contributes
to literature investigating the interest rate driver of housing prices. The other is related to
literature on housing supply and builder behavior.

Drivers of house prices. A large literature studies the effects of aggregate interest rate
shocks and interest rate changes on housing prices (Del Negro & Otrok, 2007; Favilukis
et al., 2017; Greenwald, 2018; Hacamo, 2021; Kiyotaki et al., 2011; Sommer et al., 2013).
This literature emphasizes the effects on the household side. These studies mainly predict a
higher interest rate leading to a lower housing price because housing demand is suppressed
from a higher mortgage cost and a higher alternative investment rate of return. In addition,
they do not consider the effects on the supply side, specifically builders. Besides interest rate
shocks, studies suggest that the housing price is affected by expectation shocks (Garriga
et al., 2019; Kaplan et al., 2020), credit supply (Justiniano et al., 2019), and collateral

constraints (Garriga & Hedlund, 2020; Landvoigt et al., 2015). This paper contributes to



this strand of literature by investigating interest rate effects in the long run and in the short
run under ARMs and FRMs with the new construction margin.

Housing supply and builders. There is a strand of literature discussing housing supply
and builders’ behavior. Some literature measures the elasticity of housing supply (Aastveit
et al., 2023; Baum-Snow & Han, 2024; Green et al., 2005; Saiz, 2010). With respect to
builders’ decisions, Murphy (2018) estimates the price function and the cost structure of
builders and determines the dynamic discrete choice of builders to build or delay construc-
tion on a lot. Van Straelen (2024) shows that public homebuilders cut prices for a fire
sale in one market when they face a negative price shock in other markets. Oh and Yoon
(2020) shows that the uncertainty during construction would delay the timing of an incom-
plete house when it takes time to build. However, the rich household side is abstracted in
this literature. This paper contributes to the literature on housing supply and builders by
considering builders’ time-to-build constraints and shows how this friction affects builders’
response to changes in interest rates with a sophisticated household side. That is, this
paper provides a more general framework with rich properties of the household side and

the builder side to decompose the effects of interest rates on the housing market.
2.3 Model

I now describe a model of household housing decisions subject to distinct terms for
savings and mortgages and builders’ construction investment subject to time-to-build con-
straints. The model provides a generalized framework to analyze the effects of interest-rate
changes on the housing market, explicitly considering builders’ decisions while preserving
rich features of household behavior. The key feature of this model is the interaction be-
tween mortgage structures and interest rates and their effects on housing price dynamics.
Specifically, higher interest rates act as a disincentive for new construction, which is the
main driver of short-term fluctuations in housing prices.

The economy is populated by a measure-one continuum of long-lived heterogeneous

households, overlapping-generation builders, and rental companies. Households face id-



iosyncratic income shocks and consume non-durable goods. They gain housing service flow
either from buying houses subject to a mortgage borrowing constraint or from renting.
Homeowners may either stay in their current houses by making minimum mortgage re-
payments or sell their properties while incurring adjustment costs. Households also have
access to liquid savings, which, alongside mortgages, feature distinct terms but share the
same exogenously determined interest rate. Overlapping-generation builders invest in new
construction subject to time-to-build constraints and financial constraints of external and
internal funds. Builders are the sole providers of new housing stock. Overlapping-generation
rental companies purchase housing units and lease them to households. The housing price
is endogenously determined through the housing-market clearing condition, while rental
prices are set according to the Jorgensonian user cost.

This paper builds upon the foundational framework established by Kaplan et al. (2020).
Similar to Kaplan et al. (2020), this model is composed of three main sectors: households,
builders, and rental companies. These sectors collectively enable the model to capture the
interplay between housing supply and demand under varying interest rates. However, unlike
Kaplan et al. (2020), this model is simplified by abstracting from financial intermediaries,
from aggregate shocks, and from explicit default options, and it focuses on steady-state
behaviors rather than life-cycle patterns.

This model differs from Kaplan et al. (2020) in several aspects. First, it incorporates
a fixed-rate mortgage (FRM) structure, allowing households to lock in their existing mort-
gage rates and mitigate exposure to fluctuating interest rates. Second, a continuous renting
choice enables households to choose an arbitrary size of their rental units, beyond certain
discrete choices. Third, the model explicitly examines builders’ responses to interest-rate
changes, emphasizing the impact of the time-to-build property on construction decisions.
These innovations enhance the model’s ability to capture the nuanced interactions between
builders’ investment strategies, household behavior, and interest rate policies, which gen-
erates subtle housing price dynamics. By integrating these features, the model provides

a more comprehensive framework for analyzing the broader implications of interest-rate
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policy on the housing market.

2.3.1 Environment

Time is discrete with an infinite horizon. There are long-lived households, overlapping-
generation builders, and overlapping-generation rental companies in the economy. The gross
interest rate R = 1 4 r is exogenous. It applies to the mortgage rate, the liquid saving rate,
and the builders’ discount factor. For simplicity, there is no unsecured borrowing and no
default option. I assume that there are zero-profit foreign banks taking deposits and lending
to households and builders under the exogenous interest rate.? In a stationary equilibrium,
the interest rate is constant. However, during transitional dynamics, the interest rate
changes with an MIT-shock flavor; i.e., before any change is realized, sectors in the economy
do not have any prior information and will perceive the new interest-rate path immediately
when the change is realized. In this section, I consider the stationary equilibrium of a
stochastic overlapping generations model of builders with time-to-build constraints. All

price variables are constant.

2.3.2 Builders

I now describe the builder’s problem. In each period, a measure p € (0,1] continuum
of overlapping-generation builders are born, and a measure p of existing builders exit the
economy after completing and selling houses. Builders are risk neutral, and their objective
is to maximize the net present value of dividends.

Technology. Each builder adopts a construction technology hs = min{¢, f(x)}, where
f'>0,f" <0,limy f(x) = o,limy_o f(x) = 0. Builders build houses hs; with land ¢
and factor x.> Houses take time to build-builders buy inputs in the current period to build

and sell ks in the next period.* The land price p; and the factor price py are exogenous.

2 This assumption avoids a banking problem or the credit market clearing condition. It treats the financial
intermediary as a shadow sector.

3 Unlike Cobb-Douglas housing production function in the literature, e.g., Kaplan et al. (2020), the Leontief
production function aims to highlight the specialty of land in housing production. It is simple to decompose
the housing value into land value and others.

4 Note that houses take time to build. If we bring the time index back, the new construction is h,(t +1) =

10



Financial Frictions. New builders are endowed with an initial net worth w. Builders
can finance with short-term construction loans b, which are external funds, at an exogenous
interest rate R. Due to limited enforcement for lenders to continue an incomplete project,
builders pledge up to a fraction 6, € (0,1) of their future home sales to finance through
construction loans. Builders can also raise internal funds subject to a convex equity issuance
cost ¢(—d), for d < 0, and zero otherwise, where d is builders’ dividends.> A negative
dividend implies equity issuance with cost ¢(—d).°

Builders’ problem. Given initial net worth w, builders maximize the present value of
their dividends deducting equity issuance costs by choosing dividends d, construction loan

b, land input ¢, factor x, and new construction ks to solve

— _ _ —1 / _ /
%(w)_{d,e?;ii,wqd ¢(=d) + R {pw' + (1 — p)Vs(w')} (2.1)

subject to current budget constraint

d+pll +px <w+b, (2.2)
net worth evolution
w' = pyhs — Rb, (2.3)
the financial constraint
Rb < Oypyhs (2.4)

and the construction technology

hs = min{/, f(x)}. (2.5)
At the optimum, builders choose land and the amount of factor such that ¢ = f(x). We
can substitute /s and ¢ with f(x) to solve the problem. For tractability, I assume p = 1,
which implies that builders exist for 2 periods and will exit after selling their houses.” The

complete optimality conditions of builders are characterized in Appendix A.

min{¢(t), f(x(t))} and is sold under future price pj (t +1).
5 Convex equity issuance cost means ¢; > 0 and ¢,;; > 0.
6 This equity issuance cost follows the setting in Lanteri and Rampini (2023a).

7 With this assumption, it is easy to extend to heterogeneous builders. We can assume that the initial wealth
follows an exogenous distribution G(w). Tracking evolution of the endogenous net worth distribution is not
necessary since only the exogenous distribution G(w) matters.
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The time-to-build flavor is represented in (2.2) and (2.3); i.e., the production cost is
incurred in the current period, while the sales revenue is collected as an element of future
net worth. A key property of time-to-build is that revenue is always discounted, regardless
of whether the builder is constrained or unconstrained. Using R~'A’ as the multiplier of
the financial constraint, the optimality condition of the new construction for unconstrained

builders is

prn =R (Pe + f,p(jc)> : (2.6)

Because of time-to-build, the price is the future value of the marginal cost. For an un-
constrained builder, A’ = 0 implies that the borrowing constraint is slack, and equity is
never issued. The interest rate affects the optimal construction investment through the
time-to-build property instead of the financing cost. Given the housing price, the first-best
construction investment is fixed for all builders. This implies that builders are indifferent
between issuing current dividends and saving for future net worth once they achieve the
optimal construction investment level. The optimality condition of the new construction

for a constrained builder is

B Px 1+ A
m=r(pt 5) Trar 27

Note that A" = ¢, in equilibrium. That is, a constrained builder always issues equity, while

an unconstrained builder relies solely on construction loans or issues dividends.

2.3.3 Households

There are long-lived heterogeneous households with a continuum of measure 1 in the
economy. They gain utility from consuming non-durable goods and housing services. For
housing choices, they can choose to move, stay, or rent. They can borrow through long-
term mortgage borrowing and save in liquid assets. There is no unsecured borrowing and
no default option by households.

Preference. Households maximize lifetime utility from consumption ¢ and housing ser-
vice flow hs. The per-period utility is U(c, hy), where U, > 0, Uy > 0, Uee < 0, Uy, < 0
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and U, > 0. The homeowner enjoys owner-occupied housing service flow, while the renter
receives reduced utility from the rental unit by factor & € (0,1). Specifically, a household
with K, units of owner-occupied houses implies /iy = hy, while a household with h, units of
rental houses implies iy = ¢h,. Future utility is discounted at rate B € (0,1).

Income. Households receive exogenous idiosyncratic income y; every period. This is the
only uncertainty in the economy. It follows a first-order Markov process, which is modeled

as an AR(1) process with persistence p, and volatility o,

log(y;) = pylog(y;) + oyei, (2.8)

where €; is drawn from a standard normal distribution. Income good is the numeraire.

Liquid Asset. Households can save in liquid assets, a, with rate of return . The liquid
asset is a one-period asset. Saving in one unit of the liquid asset will earn the saver R units
of goods in the next period. We do not allow for negative a, which means that unsecured
borrowing is unavailable.

Housing. Households gain housing service flow via owning or renting houses. Similar
to Kaplan et al. (2020), homeowners select an owner-occupied housing unit from a finite
set H = {h',h%, }3,..,hN}, where h! < h? < ... < hN. When a household moves to a new
house, they move to housing unit 4’ € H. However, renters can rent an arbitrary size of
rental units yen > 0.8 That is, a household deciding to be a homeowner chooses i’ > 0 and
Hyent = 0, while a household deciding to be a renter chooses ' = 0 and hye,; > 0. There is
no friction in purchasing and renting houses. The housing price is denoted as py, and the
rental rate is denoted as r;. Households can purchase or rent houses at competitive prices
without any time lag.

If a homeowner currently owns h units of houses, these houses depreciate with rate dj, €
(0,1) every period. Let #; denote the subjective change in housing units if the homeowner
moves. A housing transaction costs the existing home seller a proportional adjustment cost

FCy(puh) = x,(1 — 0y) pph if i, # 0. Therefore, the owner-occupied house evolves as
W= (1-08,)h+i,. (2.9)

8 In Kaplan et al. (2020), renters can only rent from a finite set of rental units.
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The household pays the adjustment costs and the value gap between existing and new
houses py, (x;,(1 — 8,)h + i) when moving to a new house.’?
Mortgage. A homeowner can borrow long-term mortgages with a D-period maturity

by pledging up to 6, € (0,1) of their future undepreciated housing value. The collateral

constraint is

Rm' < Gh(l — 5h)Phh,- (2.10)

This collateral constraint only needs to be satisfied at origination since the mortgage is
long-term.! Note that pn in (3.24) refers to the housing price in the future. It equals the
current housing price because we focus on the stationary equilibrium. After origination,
the household with mortgage balance m is required to repay the minimum amount r, =
m based on amortization. If the homeowner does not move, they need to repay the

minimum required payment. The mortgage balance evolves as

m' < (R —ry)m. (2.11)

The household is free to repay more to decrease the amount of rolling-over principal. If the
household chooses to move, they must pay off the entire mortgage balance and can borrow
a new mortgage contract with the new house. There is no default on mortgage payments
in this economy.

Household’s problem. 1 now describe the household problem for movers, stayers, and
renters. A homeowner can choose to move to a new house, stay in the existing house, or sell
the existing house to rent. A renter can choose to keep renting or become a homeowner.
Since a household can rent an arbitrary rental unit (hy.,; > 0, renting is always an option

for households.!!

9 Tassume that i;, # 0 implies moving to another house. The household has to pay off the mortgage attached
to the old house.

10 The literature often assumes a positive spread between the mortgage rate and the risk-free rate, such as
Kaplan et al. (2020) and Fonseca et al. (2024). Here we do not have any micro-foundation of default option or
other origination costs, so we have the same mortgage rate and saving rate.

1 Optimally, households never choose zero housing service flow because of standard properties of the utility
function. Then hyenr > 0 implies that a household is always able to rent when they have positive wealth.
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The state variables at the beginning of each period are s = (m,h,a,y), where m is
mortgage, h is housing position, a is liquid asset, and y is income. A household solves

V(m,h,a,y;r) = max{V"(m,h,a,y;r), VY (m,h,a, y;r), Vi(m,h,a,y;1)}, (2.12)

where V", V5% and V" are value functions for movers, stayers and renters respectively.
The problem for movers is

V"™(m,h,a,y;r) = max U(c, W)+ BEV(m' W,d,y;r),

{c,n ' ,m’}

s.t.
c+pu[h — (1 —68,)h] + FC,(pyh) +d' + Rm <y + Ra+n’,

Rm' < 9h(1 — (Sh)phh/.

When a household moves, it needs to pay off all mortgages and choose the new housing
position. Since the terms of assets and mortgages are different, it is not sufficient to track
net saving solely. The reason is that if one saves and borrows 1 unit at the same time, one
earns R from saving and is required to repay . The difference R — ry, can provide liquidity
premium if one is constrained in some future states. Therefore, we need to separate the
mortgage and the liquid asset as two state variables.

The problem for stayers is

VY (m,h,a,y;r) = max U(c, (1—8,)h) + BEV (m',(1—8,)h,d’,y;r),

{c,a’,m'}

s.t.

c+a +Rm<y+Ra+n,

m < (R—ry)m.

Stayers are not involved with housing transactions. They keep their existing houses and
consume the undepreciated housing service flow (1 — Jy)h, which is also the future housing
state.

The problem for renters is

V' (m,h,a,y;r) = maxU(c, Chyent) + PEV(0,0,4",y/;7),

{ca’}
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s.t.

¢+ a' + Rm+ FCy(pph) + rihyent <y + Ra+ pp(1—6,)h,

where ¢ € (0,1) denotes the disutility of renting. Renters do not own any houses, so their
future housing and mortgage states are zeros by definition. Since the only uncertainty is
the idiosyncratic shock on y, the random variable of the future value function is y’, and the

expectation is taken over the future income state i’ conditional on current income state y.
2.3.4 Rental Companies

Overlapping-generation rental companies are risk-neutral. They buy houses and rent to
renters in the current period, sell the undepreciated houses in the next period, and exit the
economy. The discount factor for future resale value is R. Following Jorgenson (1963), the

rental rate is determined by Jorgenson user-cost:
pp =1, + R (1 —=38,)p) (2.13)

The left-hand side (LHS) refers to the cost of purchasing a house, and the right-hand side
(RHS) refers to the benefits, which include rental revenue 5, and the resale value (1 —dy)p),.
The resale value is discounted by the interest rate. In a stationary equilibrium, housing

prices are constant. We have

r+ 0y
= . 2.14
=T, P (2.14)

2.3.5 Equilibrium

In equilibrium, the housing price pj clears the housing market. Note that F is the
stationary distribution over states s. The housing price p; depends on this distribution F.

The distribution evolves as

Fri1(st41) = T(Fe(st)), (2.15)
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where I' is the law of motion of state variables. In a fixed housing supply economy with

exogenous housing quantity H, the market clearing condition is

J(h’(s) + Hyon (3))dE(s) = H. (2.16)

In an economy with builders, the market clearing condition is

5 f(h'(s) Byt (5))dE(s) = ha(w). (217)

The housing demand contains owner-occupied and rental houses. In a fixed supply economy,
the depreciation of houses is automatically rebuilt, while in an economy with builders,

builders inject new housing flow to refill the depreciation in a stationary equilibrium.!?

Definition 2.3.1. A recursive competitive equilibrium of the economy with builders is a set of
prices {py, 1.}, a set of value functions {V, V™, V% V" Vi}, a set of policy functions {c,a’,m’, I,
Brent, s, b,d, €, x}, a time-invariant distribution F, a distribution law of motion I', given the ex-
ogenous interest rate r, Markov process of the income, and initial net worth of builders w,
1. Vvm, ety VT satisfy household’s Bellman equations, and V; satisfies builder’s Bellman
equation.
2. Functions c(s),a’(s), m'(s), h'(s), hyent (s) are optimal policy functions for households given
pn and ry,.
3. Functions hs(w), b(w),d(w), £(w), x(w) are optimal policy functions for builders given py,.
pn, and ry, satisfy rental companies’ zero-profit conditions.

p, clears the housing market clearing condition.

S

The law of motion I defines the evolution of time-invariant distribution of households’ state
variables, which is F = T'(F), according to households” policy functions and the Markov

transition process of the income.

Solving this model is computationally challenging. The main challenge is the number of

state-space dimensions and the differing terms for mortgages and liquid assets. In Appendix

12 The market clearing condition for a economy with heterogeneous builders will be § his(w)dG (w) if builder’s
initial net worth is drawn from distribution G(w).
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D.1, I describe the process of the numerical solution and the methods to resolve challenges
mentioned above.

I then characterize the properties of builders’ problem in stationary equilibrium.

Proposition 2.3.2. Characterization of builders’ optimal strategy: Given a housing price,
1. there exists a net worth threshold w such that a builder is constrained if and only if w < w,
and a builder is unconstrained if and only if w > @.
2. ahigher interest rate qualitatively decreases the new construction level hs(w) for constrained
and unconstrained builders.
3. given an interest rate, unconstrained builders build more than the construction level of con-

strained builders. Specifically, hs(w) is a non-decreasing function.

Higher interest rates deter unconstrained builders’ construction through a smaller present
value of discounted future revenue with concave f(x). Constrained builders borrow to the
limit to build. A positive A’ implies a positive liquidity premium of the financial con-
straint relaxation. A higher interest rate directly tightens constrained builders’ borrowing
constraint, leading to a lower construction investment level due to fewer construction loans.

In a stationary equilibrium, the rental rate endogenously determined by the Jorgenson
user cost simultaneously with an exogenous interest rate and an endogenous housing price is
higher under a higher housing price pj,, a higher depreciation rate Jj, and a higher interest
rate r. The required return r;, for rental companies is higher under a higher purchasing cost
pr, a higher lost value of houses from J;, and a higher alternative rate of return r. This
user-cost formula (2.13) captures the fact that the rental rate comoves with the housing

price. These properties match observations in Kiyotaki et al. (2024).
2.4 Calibration and Quantitative Analysis

This section describes the choice of parameter values and analysis of the stationary
equilibrium. Some parameters are determined based on external evidence, while others are

internally calibrated to fit with key cross-sectional moments of the U.S. economy in 2022.
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This was the year when the Fed raised interest rates to fight inflation.’®> The datasets I
use to generate moments are mainly from the Survey of Consumer Finances (SCF) and the
American Community Survey (ACS).! After calibrating the baseline model, I provide a

quantitative analysis of the stationary equilibrium under different interest-rate regimes.

2.4.1 Calibration

All variables are normalized by the mean family income in SCF 2022, which is $141.39
thousand. Table 2.1 reports parameter values of the model. Internal parameters are jointly
calibrated to match targeted moments in the data. Targeted and non-targeted moments
are shown in Table 2.2. A period in this model represents one year, which coincides with
the length of data used to generate moments.

[c1eng) T

Preferences. The household utility function is U(c, hf) = =

. I'set v = 2,
which implies that elasticity of intertemporal substitution is 0.5. I internally calibrate the
discount factor B = 0.936, the share of housing service in total consumption a = 0.16, and
disutility of renting ¢ = 0.85 to normalize aggregate housing stock to 1 and match the share
of owner-occupied housing 64.8% and the share of homeowners with mortgages 61.5%.

Income. The idiosyncratic income shock follows an AR(1) process in logs. I set the
persistence parameter p, = 0.97 and the standard deviation ¢, = 0.2 following Kaplan
et al. (2020). In the quantitative analysis, I discretize it to a two-state Markov chain and
normalize the mean of income to 1.

Interest rate. The real interest rate data are sourced from FRED and is set at 0.618%,
which is calculated as the average quarterly 10-year real interest rate over the period from
2013 to 2019. This time frame spans the years between the aftermath of the Great Recession
and the onset of the COVID-19 pandemic, during which the interest rate remained relatively

stable.

Housing and Mortgage. The housing depreciation d;, = 0.0364 is motivated by Internal

13 The Fed raised interest rates 11 times between March 2022 and July 2023.
14 ACS data is from "2022: ACS 5-Year Estimates Data Profiles, DP04 Selected Housing Characteristics."
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Revenue Service (IRS) Publication 946 (2023)'®, which illustrates the property depreciation
method. It suggests a depreciation rate of 0.0364 for a residential rental property in table
A6. The variable adjustment cost of selling houses is FCy,(pyh) = (1 — 6j,) pph. Following
Boar et al. (2022), I set the housing adjustment cost x;, = 0.06, which is a common estimate
of the housing transaction cost.

Based on Fonseca et al. (2024), the 95th percentiles of the mortgage loan-to-value ratio
in Home Mortgage Disclosure Act is 0.9, and the spread between 30-year mortgage rate
and Treasury yield is 2.5%. Hence, I set the loan-to-value ratio of the mortgage borrowing
constraint at 6, = 0.9 and mortgage maturity at D = 20. This implies that the periodic
payment for a 20-year mortgage with zero mortgage spread is equivalent to the periodic
payment for a 30-year mortgage with 2.5% mortgage spread when the interest rate is 0.618%.

Builder. The production factor x is assumed to be labor, so the cost of labor is set at
the mean income, which is normalized to py = 1. Sourced from updated land value dataset
from Davis et al. (2021), the standardized % acre land value is 215,700.1 The land price
is normalized to p; = 1.5256. Following Kaplan et al. (2020), I set the return to scale
of the construction labor at &y, = 0.6. The TFP of builders A; = 0.2563 is calibrated to
match the housing price. The equity-issuance cost and the builder’s loan-to-value ratio 6,
are not reported here. I focus on the unconstrained builder for the baseline analysis, so
the equity-issuance cost and builders’ loan-to-value ratio do not provide any information
on matching moments.!” The effect of the financial constraint is discussed in section 2.5.4.

In table 2.2, the model matches the targeted moments well. The model-implied and
data-generated new construction sales shares are not consistent. This discrepancy can
be addressed by introducing moving shocks to create existing-home sales (Fonseca & Liu,
2024). Since the transactions of existing homes are not the primary drivers of housing

price dynamics, I focus on the effects of interest-rate changes and abstract from the moving

15 Source: https:/ /www.irs.gov /publications/p946#en_US_2023_publink1000270861.
16 Source of the dataset: https:/ /www.fhfa.gov /research/papers/wp1901.

17 This can be achieved by assuming an extremely large initial net worth, such as w = 101%.
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Table 2.1: Baseline Parameter Values

Parameter Description Value Target/Source
External

0% Risk aversion 2 Kaplan et al. (2020)

On Depreciation rate of house 0.036 IRS

Kp Housing variable adjustment cost 0.06 Boar et al. (2022)

0 Mortgage loan-to-value ratio 0.9 HMDA (Fonseca et al., 2024)

D Mortgage maturity 20 30-y 2.5% mortgage spread

Py Autocorrelation of income shock 0.97 Kaplan et al. (2020)

oy Standard deviation of income shock 0.2 Kaplan et al. (2020)

r Real interest rate 0.618% Avg 10-year real rate

ay RTS of construction labor 0.6 Kaplan et al. (2020)

pe Land price 1.526 FHFA

Px Cost of labor 1 Normalized
Internal

B Discount factor 0.936

« Share of housing service in total consumption  0.164

¢ Disutility of renting 0.85

Ay TFP of builders 0.256

Note: The table reports the externally and internally calibrated parameter values used in the quantitative analysis.

shock.

Table 2.2: Targeted and Non-targeted Moment

Targeted Moment Data Model
Avg house price/Avg income (SCF) 3.332  3.332
Share of owner-occupied housing (ACS) 64.8% 64.8%
Share of owners with mortgages (ACS) 61.5% 61.5%
Avg residential housing stock (Normalized) 1 1.01

Non-targeted Moment
Avg wealth for homeowners to renters (SCF)  9.94  10.997

Avg housing debt for homeowners (SCF) 3.57 3.81
Avg income for homeowners to renters (SCF)  2.47 3.43
Avg wealth (SCF) 7.49 4.64

New construction sales share (AEI-Zillow) 12.9%  31.4%

Note: The table reports the targeted moments used in calibration and non-targeted moments for model validation.

2.4.2 Long-run Stationary Equilibrium Analysis

This subsection elaborates the effects of interest rate on the housing demand and sup-
ply in a stationary equilibrium and shows the numerical results given the calibration in
the previous section. In the literature, declining interest rates fuel the housing demand

and housing prices via a looser mortgage constraint (Geng, 2018; Kiyotaki et al., 2011;
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Sommer et al., 2013). The mortgage effect governs how households respond to the interest-
rate change. With respect to the housing supply, interest rates do not affect construction
strategies since builders are solving a static problem (Kaplan et al., 2020). Unlike the lit-
erature, interest rates have richer effects on the housing demand side and affect builders’
construction investment because of time to build in this model. All these effects jointly pin
down how interest rates affect the stationary equilibrium.!®

Housing Supply. Figure 2.3 shows the new construction level for unconstrained builders.
The effect of interest rates on construction operates through the time-to-build channel, as
builders are unconstrained. Lower interest rates lead to higher new housing stock injection.
Without time-to-build frictions, unconstrained builders’ optimal construction investment
remains constant across interest rates. Time-to-build frictions create a key distinction:
with these frictions, future housing prices determine current construction decisions, while
without them, current prices drive construction strategy. While this distinction affects
transitional dynamics, it becomes irrelevant in the stationary equilibrium where housing
prices are constant.

While the magnitude of new construction appears modest, its economic impact is more
substantial when considering net housing transactions (excluding offsetting sales and pur-
chases by existing homeowners). Moreover, new construction accumulates into the housing
stock over time, extending beyond the current period. The immediate response of builders
to interest rate changes makes new construction particularly important for short-run hous-
ing market dynamics following interest rate shocks.

Housing Demand. Figure 2.4 presents the aggregate housing demand across different
prices and interest rates. Counter to existing literature, I find that higher interest rates do
not uniformly decrease housing demand. This result stems from two forces: heterogeneous
household responses and the distribution effect. The heterogeneous response reflects varying

interest rate impacts across households with different mortgage-asset portfolios. High-

18 Appendix B shows that homogeneous households cannot obtain rich housing demand properties de-
scribed above. This is a reason for modeling household heterogeneity.
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FIGURE 2.3: New Housing Supply Curve

Note: This figure shows the new housing supply curves across interest rate regimes. Specifically, the blue solid line depicts
builder’s construction level under different housing prices when r = 0.5%. The orange line with circle depicts builder’s
construction level under different housing prices when r = 6.5%.

saving households increase housing demand due to positive wealth effects from higher rates,
while mortgage-dependent households reduce demand due to higher borrowing costs. This
extends beyond the standard mortgage channel in the literature by incorporating positive
wealth effects for high-saving households. Additionally, the distribution effect captures the
changing composition of households across interest rate regimes, with a larger share of
high-saving households in high-rate environments.

Figure 2.4 reveals that the distribution effect strengthens at higher housing prices.
When housing prices are high, households find it more advantageous to accumulate wealth
through liquid assets under higher interest rates, leading to greater average wealth and

housing demand. Conversely, at lower housing prices, households prefer mortgage-financed
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home purchases, causing the mortgage effect to dominate and housing demand to rise with
lower interest rates.

At a fixed housing price of p, = 3, the equilibrium net savings differ substantially be-
tween low-rate (0.6%) and high-rate (5%) regimes, at -0.135 and 8.282 respectively, reflect-
ing markedly different stationary distributions. Non-housing consumption also diverges,
with 0.8464 in the low-rate economy versus 1.2921 in the high-rate economy. Households
in the low-rate environment rely on mortgage financing and maintain lower consumption,
while those in the high-rate environment accumulate savings for housing purchases and
consumption. Despite similar aggregate housing stocks, household behavior and portfolio
composition differ significantly between regimes.

Figure E2 and E3 decompose total housing demand into owner-occupied and rental
units. From these two figures, the impact of interest rates on aggregate housing demand
primarily operates through owner-occupied housing. Given a housing price, a higher interest
rate decreases renters’ rental housing demand for a higher rental rate implied in (2.13).
However, interest rates also affect the renter-owner composition through the distribution
effect, making the net impact on aggregate rental housing ambiguous.

Figure 2.5 shows the simulation of a household for 1000 periods at housing price pj, =
3 in a low-rate (r = 0.618%) regime. The five panels of the figures are Markov chain
simulation of idiosyncratic income shocks, owner-occupied housing, rental housing, liquid
assets, and non-housing consumption. The results show that households purchase homes
during high-income periods and downsize when hit with negative income shocks. Extended

low-income periods lead to a transition to renting.
2.5 Transitional Dynamics—the Effects of Interest Rate Shocks

This section analyzes housing price dynamics following a temporary interest rate in-
crease. At t = 1, the economy begins at the stationary equilibrium. At f = 2, the interest

rate is assumed to temporarily increase to 6% for 4 periods before returning to the baseline
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FIGURE 2.4: Aggregate Housing Demand Curve

Note: This figure displays household aggregate housing demand curve. Specifically, the blue solid line depicts housing
demand under different housing prices when r = 0.618%. The orange line with circle depicts housing demand under
different housing prices when r = 5%.

of 0.618%. That is, the interest rate path after t = 2 is

L[ 6%, if 2<t<5
P70 0.618%, if =6

This change is an MIT shock, unanticipated until { = 2 but fully known to all agents there-
after.1® To be clear, the interest rate r; at time t is the rate of return of the saving at t. The
saver will receive 1+ r; at t + 1. I first examine the baseline case—an FRM economy with
builders—then compare it to three variants: an FRM economy without builders, an ARM

economy with builders, and an FRM economy with financially constrained builders. These

19 We can also interpret the "realization" as an expectation. Then at least the solution at the date of the
realization is correct. That is, this model can replicate solution for arbitrary combination of interest-rate
expectations and realizations.
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FIGURE 2.5: Individual Household Simulation under p, = 3 and r = 0.618%

Note: This figure displays simulation of an individual household for 1000 periods given housing price p;, = 3 and interest
rate 7 = 0.618%. The first panel plots a simulation of the idiosyncratic income shock. The second panel plots the
owner-occupied housing choice . The third panel plots the rental housing choice /e,¢. The fourth panel plots the liquid
asset choice a’. The fifth panel plots the non-housing consumption choice.

comparisons highlight the effect of builders, mortgage structures, and builders’ financial
constraints, respectively. The steps of transitional dynamics computation is specified in

Appendix D.2.

2.5.1 Interest Rate Shocks in Baseline: FRM with Builders

Figure 2.6 illustrates housing price dynamics following a temporary interest rate in-
crease in an economy with FRM and builders, with prices normalized to the stationary
equilibrium level. The housing price significantly drops by 14.52% at t = 2, driven by two
key mechanisms. First, the new construction is determined at ¢+ = 1, which is based on the

originally low interest rate level, so builders overbuild with the benefit of hindsight. Second,
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the distribution effect is almost impotent since households cannot immediately leverage the
high interest rate to accumulate wealth—the initial distribution reflects the low-rate, high-
leverage equilibrium. Consequently, the heterogeneous housing response for high-leverage
households dominates and decreases the housing demand. The combined responses from
builders and households at t = 2 imply an excess supply at the stationary price, leading to

a housing price slump.
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FIGURE 2.6: Transitional Path to Interest Rate Shock—Baseline with FRM and Builders

Note: This figure illustrates the aggregate response of the economy with FRM and builders to a temporary increase in
interest rates. The top panel plots the exogenous change in the interest rate. The middle panel plots the transition of
housing prices normalized by the stationary price. The bottom panel plots the transition of the new construction
normalized by the stationary new construction level from builders. All sectors and agents have perfect foresight of

dynamic path of all variables after the unexpected interest shock is realized.

Housing prices rise during the high-rate period and decline after the interest rate returns

to the baseline rate. The direction is consistent with builders’ behavior characterized in
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Proposition 2.3.2.20 Figure 2.6 also shows that housing prices and new construction follow
similar patterns. Therefore, the effect of new construction dominates in the early stage of

housing price dynamics.

2.5.2 Counterfactual with Fixed Supply: the Role of Builders

This subsection compares housing price dynamics with and without builders. The re-
sults indicate that incorporating builder responses to interest rates dampens price declines
or even generates price increases, contrasting with models that focus solely on housing
demand.

Figure 2.7 compares housing price and construction dynamics in economies with and
without builders. In a fixed supply economy, it is equivalent to treat new construction
investment as constant. Prices fall more sharply initially, as new construction supply always
automatically offsets depreciation. With endogenous construction, builders reduce supply
in response to higher rates, moderating the initial price decline and leading to a 2.9% price
increase above steady state at f = 6. The price paths show opposite direction after rates
drop: with endogenous supply, prices fall as construction adjusts, while under fixed supply,
prices continue rising as lower rates stimulate demand.

Table 2.3 presents the decomposition of the contribution from households and builders
to the housing price dynamics. I normalize all numbers by the stationary housing price. The
total effect measures the price deviation from steady state in the economy with builders.
The demand component captures household contributions through the price deviation in
the fixed-supply economy, while the builder component reflects the price differential be-
tween economies with and without builders. During high-rate periods, builders’ responses
mitigate price declines by 5 — 7 percentage points of the stationary price level compared
to a counterfactual scenario with fixed housing supply in the short run. Even after the
interest rate drops, builders’ effects persist positively as cumulative construction remains

below fixed-supply levels. This moderation of price declines stems from builders’ negative

20 Note that the new construction at t = 6 depends on 5, which is still at the high-rate level.
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FIGURE 2.7: Transitional Path to Interest Rate Shock—Builders and Fixed Supply

Note: This figure illustrates the aggregate response of the economy under a fixed-rate mortgage (FRM) regime to a
temporary increase in interest rates, comparing scenarios with builders and fixed housing supply. The top panel plots the
exogenous change in the interest rate. The middle panel plots the transition of housing prices normalized by the
stationary price in an economy with builders (blue solid line) and with fixed supply (orange dashed line). The bottom
panel plots the transition of the new construction normalized by the stationary new construction level in an economy
with builders (blue solid line) and with fixed supply (orange dashed line). All sectors and agents have perfect foresight of
dynamic path of all variables after the unexpected interest shock is realized.

supply response to higher rates and their role as the sole source of new housing stock.

Table 2.3: Housing Price Dynamics Decomposition

Period 2 3 4 5 6 7 8 9 10

Total -0.1452 -0.1085 -0.0695 -0.0265 0.0290 0.0207 0.0090 0.0018 0.0129
Demand -0.2135 -0.1719 -0.1273 -0.0770 -0.0264 -0.0221 -0.0143 -0.0057 0.0008
Builders 0.0684 0.0634 0.0579 0.0506 0.0554 0.0427 0.0233 0.0074 0.0121

Note: The table presents the effects of interest rate shocks on housing prices and decomposes these effects into
demand-side and builder-side responses.

29



Interest rates

Period

-
"y
T
|

o
w0 =
T Fon
q
| Jl
L=

Housing Price

e
0
T
I

10

-
N
w
S
3]
(2]
~
2]
[(=]

Period

T
-
D
<
¢ |

1.2 ARM |

New Construction

0.6 I | | ! I I I

1 2 3 4 5 6 7 8 9 10
Period

FIGURE 2.8: Transitional Path to Interest Rate Shock—-FRM and ARM

Note: This figure illustrates the aggregate response of the economy with builders under FRM and ARM respectively to a
temporary increase in interest rates. The top panel plots the exogenous change in the interest rate. The middle panel plots
the transition of housing prices normalized by the stationary price in an economy with FRM (blue solid line) and with
ARM (orange dashed line). The bottom panel plots the transition of the new construction normalized by the stationary
new construction level in an economy with FRM (blue solid line) and with ARM (orange dashed line). All sectors and
agents have perfect foresight of dynamic path of all variables after the unexpected interest shock is realized.

2.5.3 Counterfactual with ARM: the Role of Mortgage Structure

Figure 2.8 displays housing price dynamics under FRM and ARM with endogenous con-
struction. The price paths track closely as higher rates discourage builder activity similarly
in both regimes. The new construction paths of the two economies are also similar. The
ARM structure exhibits lower housing price dynamics in the short run under a temporary
increase in interest rates, with prices approximately 1 percentage of the stationary price
below compared to a counterfactual FRM structure.

The key distinction between FRM and ARM economies lies in housing tenure dynamics.
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FRM provides insurance against rate increases. Homeowners can stay in their existing
houses without suffering from higher mortgage costs. This generates the lock-in effect, as
shown in Figure E4. The share of stayers initially rises and remains higher under FRM
in the short run. Under an ARM structure, higher periodic mortgage payments force
some homeowners to transition to renting, leading to lower homeownership rates in the
short run. Figure E4 shows that the homeownership rate drops in both economies at the
beginning of the transition and becomes lower in the short run in an economy with ARM
structure. Because of different housing tenure paths between FRM and ARM, the prices
in the economy adopting ARM is smaller by 1 percentage of the stationary price than the
prices in the economy with FRM in the short run. This gap reflects FRM’s insurance
effect on housing demand, as owner-occupied units typically exceed rental unit sizes. Thus,
mortgage structure primarily affects housing tenure and have a smaller impact on price

dynamics.

2.5.4 Counterfactual with Builder’s Financial Constraint: the Role of
Financial Friction

This subsection demonstrates that builders’ financial constraints surprisingly have min-
imal impact on housing price dynamics under a temporary interest rate increase. A higher
interest rate implies a higher construction loan rate and a tighter financial constraint (2.4)
given the price and the amount of new construction. To implement the quantitative analysis,
the equity-issuance cost and the builder’s loan-to-value ratio need to be defined and param-
eterized. Following Lanteri and Rampini (2023b), I define the equity-issuance cost function
as ¢(—d) = ¢o(—d)? for d < 0, with parameter ¢p = 0.3 and ¢; = 2, and set the builder’s
loan-to-value ratio at 6, = 0.5. From Proposition 2.3.2, there exists a net worth threshold
W separating constrained and unconstrained builders. Given the same set of parameters in
Table 2.1, I set constrained builders’ net worth at this threshold w = @ = 0.0347, calculated
using calibrated parameters and the steady-state price. Higher interest rates would con-
strain previously unconstrained builders if they maintain their original construction plans,

compelling them to adjust their building strategies.
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FIGURE 2.9: Transitional Path to Interest Rate Shock—with and without Builder’s
Financial Constraint

Note: This figure illustrates the aggregate response of the economy under FRM and builders with and without builder’s
financial constraint respectively to a temporary increase in interest rates. The top panel plots the exogenous change in the
interest rate. The middle panel plots the transition of housing prices normalized by the stationary price in an economy
without builder’s financial constraint (blue solid line) and with builder’s financial constraint (orange dashed line). The
bottom panel plots the transition of the new construction normalized by the stationary new construction level in an
economy without builder’s financial constraint (blue solid line) and with builder’s financial constraint (orange dashed
line). All sectors and agents have perfect foresight of dynamic path of all variables after the unexpected interest shock is
realized.

Figure 2.9 depicts the housing price paths of economies with and without financial con-
straint respectively. The two paths nearly overlap, indicating that the financial constraint
has little impact on housing prices. Further examination of the tightness of the financial
constraint, shown by the marginal cost of equity issuance ¢, in Figure E5, reveals that
builders remain unconstrained in the short run (+ < 5). Specifically, along the transitional
path, the marginal value of net worth is never larger than 0.15% in the short run.

The key factor is the effect of interest rates on the optimal new construction level g .
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In Appendix A, equation (A.6) shows that the optimal new construction level declines with
higher interest rates, R. Given the stationary housing price and stationary new construc-
tion, an increase in the interest rate directly constrains the builder with @w. However, the
decline in the optimal new construction level alleviates the financial constraint. A higher
interest rate does not necessarily make the builder more constrained. On the contrary, the
constraint might be slacker since builders can adjust to the new and smaller optimal level.
Figure 2.9 displays that the optimal new construction levels in each period are similar in
the two economies. That is, a temporary increase in interest rate mainly affects the optimal

construction level and loosens the financial constraint.?!

2.6 Conclusion

This paper provides a more general framework to evaluate the effect of interest rates
on the housing price by incorporating endogenous construction. I develop a model of
builders’ new construction investment subject to time-to-build constraints while preserving
rich demand-side properties. In the model, the builder responds negatively to a higher
interest rate. Higher interest rates reduce optimal construction, moderating price declines
or even generating price increases in the short run.

The numerical decomposition demonstrates builders’ significant impact on housing price
dynamics. Comparing economies with and without builders shows that new construction
responses moderate price declines by 5 — 7 percentage points of the stationary price level
compared to a counterfactual scenario with fixed housing supply in the short run. These
findings highlight the importance of incorporating supply-side responses when analyzing
interest rates’ effects on housing markets.

In addition to the role of builders, the analysis also examines mortgage structure effects
under a temporary increase in interest rates. While ARM and FRM yield similar price
paths, they generate distinct tenure patterns. FRM enables mortgage rate lock-in, preserv-

ing homeownership, while ARM leads to lower homeownership rates and a lower share of

21 The financial constraint might have a larger effect when the interest rate decreases, as the optimal con-
struction level increases.
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stayers, as borrowers face higher mortgage payments.

Furthermore, the financial constraint on builders is counterintuitive in housing price dy-
namics when interest rates temporarily increase. Higher rates reduce optimal construction
levels, which relaxes financial constraints, offsetting the direct tightening effect from higher
construction loan costs.

The theoretical and quantitative analysis demonstrates builders’ significant impact on
housing price dynamics through their interest rate responses. As the sole providers of new
housing stock, builders warrant explicit consideration in housing policy-related evaluations.
While existing literature emphasizes demand-side effects, this paper develops a framework
incorporating supply-side responses, establishing their importance for housing market anal-
ysis. For future research, it should be noted that builders may have a significant impact.
This paper provides a general framework and develops a quantitative algorithm for housing

market analysis.
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3. Effects of Housing Prices on Credit Allocation in a

Heterogeneous-Agents Model
3.1 Introduction

How do housing prices affect non-homeowners’ consumption? This relationship has been
largely overlooked in the literature, as non-homeowners lack direct exposure to housing
assets on their balance sheets. However, rising housing valuations indirectly constrain non-
homeowners’ access to unsecured credit through general equilibrium mechanisms in the
credit market, thereby reducing consumption possibilities for households without housing
assets and exacerbating consumption inequality across the wealth distribution. This paper
addresses this critical question by emphasizing the credit market channel. Households
typically rely on various forms of credit to finance both daily consumption and housing
purchases. For renters, access is limited to unsecured debt instruments, such as credit card
debt. In contrast, homeowners enjoy access not only to unsecured debt but also to secured
debt in the form of mortgages. This interaction in credit markets creates a mechanism
through which housing prices influence consumption of non-homeowners. Therefore, it is
necessary to understand how housing prices affect the credit allocation among households
in the credit market.

Figure 3.1 demonstrates a positive correlation between housing prices and the propor-
tion of new housing debt within the household debt portfolio. The aggregate household
debt in this analysis encompasses both housing-secured debt and unsecured debt. Housing
debt represents the aggregate of mortgages and home equity lines of credit (HELOC), while
unsecured debt comprises credit card debt and other similar instruments.! The data clearly
show that the new housing debt share decreases significantly during periods of declining
housing prices. This empirical evidence suggests that when housing prices fall, a larger

proportion of credit flows to unsecured debt instruments. Since renters have access ex-

1 The new housing debt flow (A;) and new unsecured debt flow (B;) are calculated by assuming average
terms of 20 years for housing debt and 4 years for credit card debt. Denoting quarterly housing debt and
unsecured debt balances from FEDNY as HD; and UDy respectively, the annual new housing debt flow and
unsecured debt flow are calculated as Ay = HD; — 0.95HD;_4 and B; = UD; — 0.75UD;_4 respectively. The

new housing debt fraction is then derived as t‘j_’ 5 -
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clusively to unsecured debt, higher housing prices may adversely affect their consumption

capabilities as the share of available unsecured debt in the credit market diminishes.
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FIGURE 3.1: New Housing Debt Share and Housing Price Index (Q1 2000-Q4 2020)

Note: This figure displays the time series of the new housing debt share with the blue real line (left y-axis) and the
all-transaction house price index with the red real line (right y-axis) from Q1 2000 to Q4 2020 in the U.S. Source: Quarterly
Report on Household Debt and Credit (FEDNY) and FRED.

The main contribution of this paper is to develop a general model that incorporates
unsecured and mortgage debt subject to distinct borrowing limit constraints and default
options. Simultaneously, the model preserves key features such as household heterogeneity
and incomplete markets. Subsequently, I calibrate the model and quantitatively solve the
equilibrium credit allocation among households under various housing price levels.

This model features overlapping-generation households subject to financial constraints
on unsecured debt and secured debt collateralized against partial housing value. Heteroge-
neous households facing idiosyncratic income shocks make decisions regarding consumption,
residential housing, owner-occupied housing, and allocations of unsecured debt, mortgages,
and savings. Households retain the option to default on both unsecured debt and mort-

gages. Home purchase is subject to a minimum purchase constraint. Mortgages are secured
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against the residual future value of housing, while unsecured debt credit limits are deter-
mined by the utility penalty upon default. Importantly, since mortgage balances never
exceed housing values, mortgage defaults do not occur in equilibrium. The model incorpo-
rates competitive bankers who accept deposits and issue debt. As bankers operate under
zero-profit conditions, unsecured debt rates correspond to default probabilities and vary
among households. I demonstrate that higher housing prices enhance housing pledgeability
and subsequently crowd out unsecured debt through the credit market by increasing the
equilibrium risk-free rate. This detrimental effect impairs unsecured borrowers’ borrow-
ing capacity and exacerbates consumption inequality. Additionally, this model generates
realistic asset portfolio patterns among households with varying wealth levels. Low- and
high-wealth households utilize unsecured debt, while middle-wealth households save against
liquid assets. High-wealth households are simultaneously homeowners and mortgage bor-
rowers. In equilibrium, the interest rate and the rental rate clears credit and rental markets
while taking housing prices as exogenous.

After calibrating the model, I conduct a quantitative analysis of a housing-price increase
and analyze effects through credit channels in the stationary equilibrium. The analysis
yields two key findings. First, rising housing prices generate increases in interest rates due to
enhanced housing pledgeability, which subsequently crowds out unsecured debt availability
for low-wealth households. Second, when the mortgage loan-to-value ratio decreases, credits
flow to unsecured debt and non-homeowners since the housing pledgeability is weaker. This
drives down interest rates and mitigate consumption inequality.

The rest of the paper is organized as follows. Section 3.2 is literature review. Section
3.3 describes a two-period model and derive the equilibrium of credit allocation. Section 3.4
describes the stationary equilibrium model. Section 3.5 analyzes the stationary equilibrium.
Section 3.6 analyzes counterfactuals of higher housing prices and lower LTV ratios. Section

3.7 concludes.
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3.2 Related Literature

Literature has focused on secured and unsecured credit behaviors on the household side.
These studies mainly explained how to generate the stylized facts of credits allocations
among households in the data and effects of housing prices on credit behaviors. Most
papers only focus on one type of the credit: either the unsecured credit or the secured
credit. This paper is related to three strands of literature: unsecured debt, home purchase
and mortgages, and consumption inequality.

This paper contributes to the strand of unsecured debt literature. The literature on
unsecured credit traditionally employs either full commitment assumptions or reputation
mechanisms within limited commitment frameworks. Chatterjee et al. (2007) demonstrate
that households’ default decisions are influenced by post-bankruptcy credit access and
default costs. Building on this foundation, Nakajima and Rios-Rull (2014) establishes
that when households exhibit heterogeneity in earnings and confront aggregate earning
shocks, unsecured consumer credit displays procyclical and volatile patterns, while con-
sumer bankruptcy exhibits countercyclical behavior with even greater volatility. Faccini
et al. (2024) extends this analysis by identifying the countercyclical nature of interest rate
spreads between unsecured credit and deposit rates. Additionally, Telyukova and Wright
(2008), Greene and Stavins (2023), and Dempsey and Ionescu (2024) identify anomalies in
credit card debt holdings and corresponding interest rates, offering substantive interpre-
tations to address these inconsistencies. This study contributes to the existing unsecured
debt literature by developing a more comprehensive framework that simultaneously incor-
porates unsecured debt, home acquisition, and mortgage arrangements. Furthermore, it
provides novel insights regarding unsecured borrowing patterns among both renters and
homeowners.

This paper also contributes to the housing debt literature. Unlike unsecured credit, se-
cured credit contract or mechanism design typically produces non-default equilibrium under

economy without aggregate shocks, as the incentive compatibility constraint or credit con-
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straint remains consistently satisfied. Rampini and Viswanathan (2020) demonstrate that
credit safety levels are contingent upon the collateral asset’s characteristics. Furthermore,
collateral valuation significantly influences secured credit volume. Bahaj et al. (2020) pro-
vide empirical evidence illustrating how home equity prices affect firm investment through
collateral mechanisms. Berger et al. (2018) identify large marginal propensities to consume
based on housing prices among homeowners, contradicting permanent income hypothesis
predictions. This paper extends previous research by developing a more comprehensive
framework that enables homeowners to access unsecured debt, thereby facilitating analysis
of unsecured and secured debt distribution among heterogeneous households.

This paper additionally offers a novel pathway for understanding consumption inequal-
ity. Economists consistently focus on consumption inequality (Aguiar & Bils, 2015; At-
tanasio & Pistaferri, 2016; Krueger & Perri, 2006). Meyer and Sullivan (2013) document
that while income inequality worsened from 2000 to 2011, consumption inequality increased
from 2000 to 2005 but subsequently decreased from 2005 to 2011. This study develops a
heterogeneous-agents model that elucidates how housing prices amplify consumption in-
equality through credit channels. Furthermore, it characterizes asset portfolio composition

and consumption patterns across heterogeneous households.
3.3 A Two-Period Model

This section introduces a two-period model to analytically characterize equilibrium un-
secured debts, secured debts (mortgages), and the interest rate in a competitive economy.
This simplified model aims to elucidate the effects of the housing valuation on the credit
allocation among households. Exogenous housing preference serves as the key factor in
housing collateral value changes. When future housing preference increases, the demand
for unsecured debt and the credit limit on unsecured debts decrease, while the collateral
constraint on secured debt is simultaneously relaxed. This relationship reveals asymmetric
effects of housing value on different types of debt. In this scenario, secured debt crowds out

unsecured debt as housing value increases.
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3.3.1 Environment

The model employs a two-period decision framework where households’ continuation
values are contingent on their default status. There are three types of households: savers
(denoted s), unsecured borrowers (denoted u), homeowners (denoted ho). These categories
are differentiated by their two-period endowment patterns and housing endowment alloca-
tions. Following Kaplan et al. (2014), the model characterizes unsecured borrowers as "poor
hand-to-mouth" households who exhaust their liquid assets while maintaining no housing
positions. Conversely, homeowners represent "wealthy hand-to-mouth" households who
similarly deplete their liquid assets but maintain positive housing positions. Given that
both unsecured borrowers and homeowners fully expend their liquid assets, both groups
exhibit borrowing motivations.

Type i households possess endowment Y at period ¢, where i € {s,u,ho} and t = 1,2.
Homeowners are distinguished by an additional housing endowment (denoted H) at the
beginning of the first period. Both savers and unsecured borrowers have options to make
deposits (denoted d) and obtain unsecured loans (denoted ¢,). The model assumes that
homeowners, leveraging their housing endowment, can access secured loans (denoted /)
using their housing as collateral.?

In this model, the focus remains on parameter configurations that induce savers to save,
unsecured borrowers to borrow unsecured loans, and homeowners to borrow secured loans
from competitive banks in equilibrium. For simplicity, the model assumes no housing market
exists in this simplified framework. A rental market is present, allowing households to rent
houses from homeowners. Homeowners occupy their own housing and rent unoccupied
units to tenants. This model accommodates the possibility that homeowners might rent
additional housing from other homeowners, which could occur when a homeowner wishes

to consume housing beyond their ownership quantity.

2 In this section, we exclude the possibility of homeowners accessing unsecured loans. While homeowners
generally have access to both secured and unsecured credit instruments, allowing this would introduce an
unsecured credit limit for homeowners. We will relax this restriction in the later section.
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Financial intermediaries in this model possess exclusive enforcement capabilities to pe-
nalize defaulters and maintain record-keeping technologies, enabling them to serve as the
sole providers of borrowing and lending services. Due to limited commitment within the
economy, borrowers retain the option to default. The banking sector operates under compet-
itive conditions, with banks accepting deposits from savers and distributing both unsecured
and secured credit to unsecured borrowers and homeowners, respectively. To mitigate de-
fault risk, banks implement prudential measures—specifically, credit limits on unsecured
lending and collateral constraints on secured credit. These mechanisms function as preven-

tive safeguards against potential borrower default.

3.3.2 Household Problem

A type i household values consumption, residential housing according to the utility

function®

Inci +@Inki + B [1n &+ (¢p+e)ln hg] — BDiA, (3.1)

where B € (0,1) represents the discount factor, ¢ denotes the preference to the residential
house, € reflects the housing preference differential between periods, ¢ represents consump-
tion, h represents residential housing units, D signifies the household’s default choice, and
A represents the utility penalty incurred by households following default on their debt
obligations.* Default is denoted by D = 1, while no-default is represented by D = 0.
The type i agent’s budget constraints of two periods are
¢+ rhi +d' <y + b+ G+ HY (3.2)

ol + (1470 4+ (1 =D s+ {(1 +r,) 00} < yb+ (1 +7)d + rpH, (3.3)

where 7y; is the rental rate of residential housing in period t, r is the deposit rate, r, is
the unsecured loan rate, and r; is the secured loan rate. While these three interest rates

could theoretically differ, the deterministic nature of the economy coupled with perfect

3 The housing preference setting follows Guerrieri and Iacoviello (2017).

4 A can be interpreted as the continuation value wedge between non-defaulters and defaulters after the
second period.
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competition among banks leads to identical interest rates in a no-default equilibrium due
to the zero-profit condition, such that ry = r, = r. ® Define R = 1+ r. It is important to
note that only homeowners possess housing endowments, thus H® = H* = 0 and H" = H.
The analysis focuses exclusively on the default behavior of unsecured-loan borrowers, as
they can default without forfeiting assets in the second period. Mortgage borrowers always
repay their debts since collateral value exceeds debt value. Consequently, in equilibrium,
we focus on the choice of D" while D = D" = 0 always holds.

There are non-negative constraints on deposits, unsecured loans, and secured loans:

i =0, (3.4)
/=0, (3.5)
" > 0. (3.6)

The unsecured borrower faces the credit limit (denoted ) on unsecured loans, while the
homeowner encounters a collateral constraint on secured loans:

RO <Y, (3.7)

R < OrypH, (3.8)

where 6 € (0,1) is the exogenous loan-to-value ratio.

Banks endogenously determine the credit limit. The collateral constraint is similar to
Kiyotaki and Moore (1997). Secured-credit borrowers leverage their housing as collateral,
with banks retaining the right to seize all collateral upon borrower default. Given the
model’s deterministic nature, all agents possess perfect foresight regarding the second-
period rental rate 7, under rational expectations. This collateral constraint ensures that
repayment size never exceeds collateral value, thereby guaranteeing borrower non-default.
The distinction from Kiyotaki and Moore (1997) is the loan-to-value ratio, which accounts
for foreclosure costs. Since collateral liquidation entails costs, banks willingly lend only a

fraction of collateral value. If 8 = 1, the collateral constraint is the same as in Kiyotaki and

5 The spread emerges when households face risk. When households are hit by a bad shock, they might
default, necessitating higher loan rates relative to deposit rates to offset losses from defaulters.
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Moore (1997).% These financial constraints are endogenous—the credit limit varies with
the endogenous unsecured loan rate, while the rental rate rj, in the collateral constraint is

likewise endogenously determined in equilibrium.

3.3.2.1 Optimal Conditions and Financial Constraints

Since deposits, unsecured credit, and secured credit are specifically associated with
savers, unsecured borrowers, and homeowners respectively, the superscripts of d, £,, and
ls will be omitted in subsequent analysis. For analytical convenience, we define & =

1+¢ — 45 u ho
wreprgre and Yo =y Fyl

All households choose the consumption level and the amount of residential housing in

two periods. The intratemporal first-order conditions for type i households are:
pci = i, (3.9)

(¢ + €)ch = raht. (3.10)

From (3.2), (3.3), (3.9), (3.10), and the market clearing condition

B+ kY +H = H, (3.11)
rental rates are
Y-
= % (3.12)
((P + €)Y2
=1 - 3.13
no i (3.13)

For the saver, the Euler equation is

1 1

Combining (3.2), (3.3), (3.9), (3.10), and (3.14), we get

S
d=(1-a)y; — (x%. (3.15)

® Following Guerrieri and Iacoviello (2017), the collateral constraint would become ¢ < 0r;,; H. Under
economic uncertainty, perfect future price prediction becomes impossible. Consequently, the collateral con-
straint depends on current collateral market value. The loan-to-value ratio mitigates default probability when
future asset prices potentially fluctuate.
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It is important to note that deposits have no upper bound, thus ensuring that the equality
condition in the Euler equation consistently holds.

For the unsecured borrower, the condition of /i > 0 is

1 1

~ > BR—. 3.16

Combining (3.2), (3.3), (3.9), (3.10), and (3.16) with equality, the optimal unsecured loan
is

b, = oc%z —(1—a)yf. (3.17)

The unsecured borrower maintains the option to default and can optimally allocate addi-
tional resources between consumption and residential housing. The credit limit ¢ denotes
the maximum lending threshold that financial intermediaries establish to prevent strategic

default by unsecured borrowers.”

Lemma 3.3.1 (Credit limit). Given any level of the loan rate R, the credit limit { = xy4, where

BA
K = 1 — 871+¢+€_

The proof of lemma 3.3.1 is provided in Appendix F. The credit limit exhibits systematic
relationships with key model parameters. When default penalties are relatively more severe
for unsecured borrowers, financial intermediaries can expand credit limits due to borrow-
ers’ reduced incentive to strategically default. Specifically, the credit limit varies inversely
with the default penalty parameter A, as higher penalties diminish the attractiveness of
default for borrowers. Consequently, banks become less concerned about default risk and
are willing to extend the credit limit. Conversely, the credit limit has a positive relation-
ship with unsecured borrowers’ second-period endowment y5. When borrowers anticipate
larger future income, their consumption increases accordingly. This higher consumption
level reduces the marginal utility gain from additional consumption achieved through de-

fault, thereby diminishing default incentives through standard diminishing marginal utility

7 In this deterministic framework, default does not occur on the equilibrium path. However, in an envi-
ronment with uncertainty (e.g., idiosyncratic shocks to second-period endowment), borrowers experiencing
adverse realizations might optimally choose to default in equilibrium.
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mechanisms. In this environment, lenders perceive reduced default risk and accordingly
increase borrowing limits.
For the homeowner, the condition for £/° > 0 is

1 1
— > BR—. 3.18
7o Z PR (3.18)

Combining (3.2), (3.3), (3.9), (3.10), and (3.18) with equality, the optimal secured loan is

VP + (p+e))s
R

by =u — (1—a)(y1° + ¢M1). (3.19)

The secured credit is bounded by the collateral constraint. Combining equations (3.8) and
(3.13), the collateral constraint becomes

9(4) + G)Yz

s < R

(3.20)

The upper bound of /5 increases with ¢ and €. This indicates that the collateral constraint is
relaxed when the second-period rental rate increases with the housing preference parameters

¢ and €.

3.3.3 Equilibrium

The credit supply and demand are determined following the mechanisms articulated
above. Financial intermediaries consolidate deposit collection and loan issuance to both
unsecured borrowers and homeowners within a single banking sector, precluding the exis-
tence of segmented credit markets. As previously established, the assumptions of perfect
competition in the banking industry and deterministic economic conditions generate an
equilibrium that is isomorphic to one where credit supply and demand interact in an inte-
grated credit market with interest rate adjustments ensuring market clearing.®

Aggregate credit demand encompasses both unsecured and secured loan components.

The unsecured credit demand is specified in equation (3.17) and bounded by the endogenous

8 Given the absence of fixed costs and asymmetric information, the credit market produces outcomes equiv-
alent to those of competitive banking when agents possess enforcement capabilities and record-keeping tech-
nology.
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credit limit established in Lemma 3.3.1. The combination of these conditions yields the

effective unsecured credit demand:

uc% -(1-a)yy, ifR= (vcfx)y%"_

ly=1: X (1=t 321
=) iR < 6= 62D

Similarly, the secured credit in equation (3.19) is bounded by the collateral constraint (3.20),

resulting in the effective secured credit demand:

VEH@FEYs ) (yho ~ alys +(g+e)Val—6(p+e)Ys
a g A0 +on), TR "FG 500 7 e
0(g+e)Ys i R < M t(@te)Va]-0(gp+e)Ys '
R (1-a) (y°+¢11)

65:

The effective aggregate credit demand is obtained through horizontal summation of equa-
tions (3.21) and (3.22). The credit supply is represented by equation (3.15). The equi-
librium interest rate is derived from the condition d = ¢, + 5 by substituting equations
(3.15), (3.21), and (3.22).

The model generates four distinct equilibrium regimes, characterized by the binding
status of the financial constraints—specifically, the unsecured credit limit and the collateral
constraint. The complete analytical characterization of these four equilibria is provided in
Appendix G. The regime in which both constraints remain non-binding corresponds to a
scenario equivalent to the absence of limited commitment frictions. Beyond this benchmark
case, three additional regimes exist with at least one binding financial constraint. These
regimes illustrate how differential responses of the two financial constraints to economic
changes influence credit allocation equilibria. The following subsection elaborates on specific

examples demonstrating these mechanisms.

3.3.4 Asymmetric Effects on Financial Constraints and Credit Distribu-
tion

This section analyzes the response to variations in the second-period housing preference
parameter €. Given that competitive financial intermediaries operate under zero-profit con-

ditions while providing saving and lending services, the analysis focuses on how parametric
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changes affect the optimal decisions of borrowers and lenders, as well as the financial con-
straints. Variations in € serve as a proxy for changes in housing valuation within the model
framework. Notably, these variations generate directionally opposing effects on unsecured

credit limits and collateral constraints.

Proposition 3.3.2. When the second-period housing preference € increases, given any level of the
interest rate R:
1. The amount of the deposit increases.
2. The optimal unsecured credit from the unsecured borrower’s perspective and the unsecured
credit limit both decrease.

3. The collateral value increases.

The proof of Proposition 3.3.2 is provided in Appendix G.1. The economic intuitions are
as follows. An increase in € induces all households to reduce current consumption, leading to
either an increase in savings or a reduction in borrowing during the first period to facilitate
higher housing consumption in the second period (g—ﬁ < 0). This effect results in greater
deposits for savers while simultaneously reducing the unsecured credit demand for unsecured
borrowers. For homeowners, the impact on secured credit demand is more complex. On
one hand, an increase in € directly decreases optimal secured credit demand. On the other
hand, the wealth effect arises due to the anticipated increase in rental income in the second
period and strengthens homeowners’ borrowing capacity. Effects on secured credit demand
ultimately depend on the relative magnitudes of these opposing forces. However, regardless
of the net impact on borrowing behavior, the rise in housing value unambiguously relaxes
the collateral constraint, thereby enhancing access to secured credit.

Conversely, the unsecured credit limit shrinks with increasing € due to enhanced default
incentives, as defaulting borrowers can redirect resources toward renting housing in the
second period. When both financial constraints are binding, an increase in € simultaneously

relaxes the upper bound of secured credit while tightening the unsecured credit limit. This

creates a qualitative divergence between the two financial constraints, leading to asymmetric
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credit reallocation from unsecured borrowers to homeowners.?

The fundamental distinction between the two financial constraints lies in their underly-
ing mechanisms. For the collateral constraint, the objective housing value is the determin-
ing factor. In contrast, the unsecured credit limit depends on the household’s subjective
benefit from strategic default—specifically, the utility gained by redirecting repayments to-
ward consumption and housing services. When these constraints respond asymmetrically
to economic factors, the share of secured and unsecured credit in the credit market changes
accordingly. Housing preference shifts exemplify this dynamic, creating differential impacts
in the credit market. These preference variations induce heterogeneous adjustments in

credit allocation across household types and credit instruments.
3.4 Dynamic Model

This section develops a theoretical framework analyzing household consumption, hous-
ing investment, and asset portfolio decisions in the presence of distinct financial constraints.
The model provides a generalized structure to analyze the effects of housing-price changes
on the credit market. A distinguishing feature of this framework is the explicit modeling
of interactions between unsecured and secured debt under varying housing price regimes.
Specifically, higher housing prices relax the collateral constraint, which crowds out unse-
cured debt through the credit market.

The economy is populated by a measure-one continuum of overlapping-generation het-
erogeneous households and competitive financial intermediaries. Households face idiosyn-
cratic income shocks and consume non-durable goods. They gain housing service flow from
choosing residential houses. Homeowners may borrow through both mortgage and unse-
cured debt, while non-homeowners are restricted to unsecured debt only. All households
have unlimited access to liquid savings instruments. There is no upper bound on liquid

savings. Competitive financial intermediaries collect deposits and issue unsecured debt

9 Note that deposits also increase in this scenario, making the effect on equilibrium unsecured credit theo-
retically ambiguous. An increase in unsecured credit remains possible if the increase in deposits exceeds the
increase in secured credit, a result that can be derived through appropriate parameter selection.
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and mortgages. Due to perfectly competitive intermediaries, debt interest rates reflect cor-
responding default probabilities. The interest rate and the rental rate are endogenously

determined through the credit-market and rental-market clearing conditions.

3.4.1 Environment

Time is discrete with an infinite horizon. There are overlapping-generation heteroge-
neous households and competitive bankers. The housing price g; is exogenous, while the
rental rate rj, and the interest rate r are endogenous. Competitive bankers imply zero-profit
by taking deposits and lending to households. In this section, I consider the stationary equi-
librium of a stochastic overlapping generations model of households with access to different

types of debt.

3.4.2 Households

The economy is populated by overlapping-generation heterogeneous households with a
continuum of measure 1 in the economy. The survival rate of households is p € (0,1). They
gain utility from consuming non-durable goods and housing services. They can borrow
through mortgages and unsecured debt and save in liquid assets.

Preferences. Households maximize lifetime utility from consumption ¢ and housing
service flow h. The per-period utility is U(c, ), where U, > 0, U, > 0, Uz < 0, Uy, <0
and Uy, > 0. Future utility is discounted at rate g € (0,1).

Income. Households receive exogenous idiosyncratic income y; every period. This is the
only uncertainty in the economy. It follows a first-order Markov process, which is modeled
as an AR(1) process with persistence p, and volatility o

log(y;) = pylog(y;) + oyei, (3.23)

where €; is drawn from a standard normal distribution. Income good is the numeraire. In
Section 3.5, the income process is discretized into a two-state independently and identically
distributed stochastic process in the quantitative analysis.

Liquid Asset. Households can save in liquid assets without any upper bound limitation

with rate of return r. Liquid assets are one-period assets, which implies that saving in one
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unit of the liquid asset will earn the saver R = 1 + r units of goods in the next period.
Unsecured Debt. Households can access unsecured credit without providing collateral
and maintain the option to default. Each household is offered an unsecured debt menu
{(Ry, by)(w,s)} specific to its initial wealth w and income state s, where R, is the unsecured
loan rate, and b, is the amount of unsecured debt. In the event of default on unsecured
obligations, households incur a utility penalty A > 0.1 Definition 3.4.1 characterizes the
unsecured debt menu available to a household with state (w, s) under an N-state discretized

income process.

Definition 3.4.1. Unsecured Debt Menu

Suppose a household has wealth w and at income state s. Assume that there are N income states

such that y(1) < y(2) < ... < y(N) with transition probability ps, € (0,1) from income state s

to n, where Y'N_| pe, = 1. Given choice of (H'(w,s), bs(w,s)) and future housing equity value

wy = qyH' — Rb, the i-th credit limit b,; and the attached unsecured loan rate R,; satisfy:
V(wy +y(i)) = A = V(wy +y(i) — Ruibui),

R

1- Z;‘:l Psj

The unsecured debt menu (R, b,)(w,s) satisfies:

bu S (bu,i—lrbui] with Ru = Rui,Vi € {1,2,..., N},

where byy = —oo. If by; < by; 1, the i-th credit limit and loan rate become b,; = b, ; 1 and

Rui = Ru,z’fl-

The i-th credit limit represents the debt threshold at which households are indifferent
between repayment and default under future income state s’ = i. The corresponding un-
secured loan rate incorporates the cumulative default probability Z;;% psj- For unsecured
debt levels not exceeding the first credit limit (b, < b,1), households will maintain repay-

ment even in the lowest income state, resulting in an unsecured loan rate equivalent to the

10 This model does not impose exclusion from credit markets following default. The loss A can be interpreted
as the utility loss associated with temporary credit market exclusion followed by eventual re-entry.
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risk-free rate (R, = R). This property allows for the integration of the unsecured debt
menu with liquid assets by treating negative unsecured debt positions as interest-bearing
deposits at rate R.

It is important to note that the i-th credit limit may be smaller than the (i —1)-th credit
limit when the associated default risk becomes prohibitively high, rendering the i-th credit
limit ineffective. This mechanism potentially explains the limited credit access observed
among low-income households. Specifically, these households face a lower probability of
transitioning to high-income states, resulting in elevated default risk that effectively con-
strains their borrowing capacity despite the theoretical existence of higher nominal credit
limits in the debt menu.

Housing. Households may become homeowners by purchasing housing units H' and
can adjust housing positions every period without incurring adjustment costs. Houses
depreciate at rate € (0,1). A minimum purchase constraint H > 0 exists such that H' >
H. However, there is no corresponding minimum constraint on residential occupancy, as
households can select any non-negative level of housing consumption & > 0. This framework
permits households to acquire the mandated minimum housing stock while potentially
occupying only a fraction of their owned property and leasing the remainder to the rental
market.

Mortgage. Homeowners can borrow short-term mortgages by collateralizing up to 6 €

(0,1) of their future undepreciated housing value. The collateral constraint is

Rbs < 6(1 — 8)q,H'. (3.24)

The household must repay Rbs in the subsequent period. This will not create liquidity
problems, as homeowners can liquidate their property without incurring adjustment costs.
Mortgage default is precluded in this economy by design, as the loan-to-value ratio ensures

that mortgage balances remain strictly below the collateral value of housing assets.
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Household’s problem. I now describe the household problem. The objective function is

V(w,s) = max 1-— Inc+oInh + BoEV w/,S/
( ) {C,h,H/,bu,hs,Dl(s/),w/(s/)}( (P) Qb ﬁp ( )

— BOE[D'(s))A] (3.25)
subject to budget constraint:
c+rph+gyH <w+by, + b, (3.26)
collateral constraint:
Rbs < 6(1—6)gqnH, (3.27)

and minimum house purchase requirement:

0< H,
0< H'(H - H).

Wealth evolves with:
w'(s) < [r+ (1—6)gu]H — (1 —D'(s"))Ryb, — Rbs + y(s'), Vs’

Notice that the wealth involves with the default choice, which makes the state variable w
dependent on choice variables. To ensure proper characterization of the state variable w,
the default decision is treated as a predetermined contingent plan rather than a contempo-
raneous choice.

Financial Intermediaries. Competitive financial intermediaries earn zero profit. Since
households never default on mortgages, the deposit rate equals the mortgage rate, which
is the equilibrium interest rate. Households can default on unsecured debt, so the unse-
cured debt menu {(Ry, by,)(w,s)} incorporates borrowing limits and interest rate schedules

contingent on the household’s initial wealth w and income state s.

3.4.3 Stationary Equilibrium

In equilibrium, the rental rate and the interest rate clear rental and credit markets.
Define F as the stationary distribution over the state space (w,s). The distribution evolves
according to

Fry1(wiy1,841) = D(Fi(wy, st)), (3.28)
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where I is the law of motion of state variables, following households’ optimal policy func-
tions and the stochastic income process.

The rental market clearing condition is

jh(w, s)dF(w,s) = fH’(w,s)dF(w, s), (3.29)

and the credit market clearing condition is

f[bu(w,s) + b (w, )| dE(w, s) = 0. (330)

In equilibrium, the aggregate of unsecured and secured debt positions must equal the total
stock of liquid assets. Additionally, the market for rental housing clears such that the aggre-
gate stock of housing units equals the total residential housing demand. This equilibrium
condition implies that homeowners occupy a portion of their housing stock while supplying
the remainder to the rental market.

The stationary equilibrium is defined as follows.

Definition 3.4.2. A stationary equilibrium is given exogenous housing price and default loss,
a list of prices {R, r,}, unsecured debt contracts {(R,, by)(w,s)} value function V, a stationary
distribution F, a set of quantities {c,h, H', b}, and a default choice D’ that

1. Households solve the optimality problem.
Financial intermediaries make zero profit.
Rental market clears: {h(w,s)dr(w,s) = (H' (w,s)dn(w,s).

Credit market clears: §[b,(w,s) + bs(w,s)]drt(w,s) = 0.

AR I

The law of motion I defines the evolution of time-invariant distribution of households’ state
variables, which is F = T'(F), according to households’ policy functions and the Markov

transition process of the income.

I now characterize the properties of the stationary equilibrium. A fundamental equi-
librium condition is that the rate of return on housing cannot fall below the deposit rate;

specifically, ;—j‘ — 6 = r. Should this condition be violated, homeownership would be strictly
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dominated by liquid asset holdings, thereby rendering the housing market inoperative. Con-
sequently, the equilibrium analysis proceeds by examining two distinct cases.

The first case is % —J = r; i.e., rate of return of housing and deposits are identical. This
makes two assets equivalent and what matters for the homeowners’ asset portfolio becomes
aggregation of housing positions and deposits, resulting in non-unique portfolio choice.
Since homeowners would be indifferent between the two assets, it leads to indeterminacy
in the stationary distribution.

The second case is ;—Z — 0 > r, indicating that the rate of return on housing strictly
dominates the return on deposits. Our subsequent analysis concentrates on this scenario.
Under this condition, homeowners optimally concentrate their wealth accumulation in hous-
ing equity due to its superior return. Furthermore, they utilize mortgage borrowing to the
maximum extent permitted by the collateral constraint, exploiting the positive spread be-
tween housing returns and the mortgage rate. Simultaneously, since the unsecured debt
menu necessarily includes the first credit limit with an interest rate equal to the risk-free
rate (R, = R), homeowners will optimally borrow at least to this threshold. Consequently,
a homeowner choosing H’ > H maximizes mortgage borrowing (bs = R716(1 — 8)g,H’) and
utilizes unsecured debt at minimum to the first credit limit b,;. This optimal behavior gen-
erates the pattern where homeowners simultaneously hold both mortgage and unsecured
debt positions.

Despite the rate of return dominance on housing assets, the minimum purchase re-
quirement constitutes a significant barrier to homeownership for low-wealth households to
purchase houses. The requirement for down payments, coupled with the minimum hous-
ing size constraint H, imposes a threshold level of initial wealth necessary to transition to
homeownership. Households whose unconstrained optimal housing demand falls below this
minimum threshold (H' < H) might rationally elect to accumulate wealth in liquid assets
rather than acquiring the minimum required housing quantity H' = H, even in the presence
of a housing return premium. When faced with this constraint, households must identify

the welfare-maximizing strategy among three distinct options: pure unsecured borrowing,
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liquid asset accumulation, or homeownership at the minimum required threshold H.
3.5 Calibration and Quantitative Analysis

This section describes the choice of parameter values and analysis of the stationary
equilibrium. Some parameters are determined based on external evidence, while others
are internally calibrated to fit with key cross-sectional moments of the U.S. economy in
2013. The datasets I use to generate moments are mainly from the Survey of Consumer
Finances (SCF). After calibrating the baseline model, I provide a quantitative analysis of

the stationary equilibrium under different interest-rate regimes.

3.5.1 Calibration

All variables are normalized by the median family income in 2013 from SCF, which is
$59.44 thousand. A period in this model represents one year.

Preferences. The household utility function is U(c,h) = (1 — ¢)Inc + ¢ Inh, where the
housing expenditure share parameter ¢ is set to 0.2 following Kiyotaki et al. (2011). The
discount factor is set at the conventional value of B = 0.96. The survival rate p is set at
0.99. The default penalty parameter A is calibrated internally at 0.67 to match unsecured
default rate 4.1% documented in Dempsey and Ionescu (2024).

Income. The idiosyncratic income shock follows an AR(1) process in logs. For simplicity,
I consider an independently and identically distributed stochastic income process by setting
the persistence parameter p, = 0 and match the standard deviation ¢, = 0.2 following
Kaplan et al. (2020). For the quantitative analysis, the income shock is discretized into
two states: y(1) = 0.3235 and y(2) = 1.6765, each occurring with equal probability. This
discretization normalizes the median income to unity.

Housing and Mortgage. The housing depreciation rate is calibrated at § = 0.022 follow-
ing Berger et al. (2018). The mortgage loan-to-value ratio 8 = 0.8, in line with standard
parameterizations in the housing literature. The minimum housing purchase requirement
is normalized to H = 1, requiring homeowners to acquire at least one unit of housing.

The housing price is calibrated at g, = 5.62, reflecting the mean primary residence value
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normalized by income as reported in the 2013 Survey of Consumer Finances.
3.5.2 Stationary Equilibrium Analysis

Figure 3.2 illustrates the equilibrium household decision patterns across the wealth
distribution. The results demonstrate a clear wealth threshold separating homeowners
from non-homeowners. At this threshold, marginal homeowners experience a significant
consumption drop attributable to the required down payment. The equilibrium exhibits a
distinct pattern of financial behavior across the wealth spectrum: low-wealth households
primarily utilize unsecured debt, middle-wealth households accumulate liquid savings, and
high-wealth households acquire housing assets while leveraging both secured and unsecured
borrowing channels.

The equilibrium household asset portfolio structure aligns closely with empirical evi-
dence from the Panel Study of Income Dynamics (PSID). Figure 3.3 demonstrates a U-
shaped relationship between credit card debt and wealth, alongside a monotonically in-
creasing pattern of mortgage debt across the wealth distribution. These patterns exhibit
remarkable consistency across multiple survey years. The model presented in this paper
rationalizes these empirical regularities by explicitly incorporating housing investment de-
cisions and differential access to both unsecured and secured credit markets.

A key implication of our findings is that unsecured debt utilization is not confined to
wealth-constrained households; rather, affluent households simultaneously leverage both
secured and unsecured borrowing channels. Consequently, homeowners with substantial
housing wealth compete with low-wealth households in the credit market, generating equi-
librium effects that influence credit allocation and interest rates.

In the benchmark calibration, the equilibrium interest rate is 1.63%. The results indicate
a 90-10 consumption ratio of 6.38. Unsecured debt constitutes 17.62% of total household

debt. Non-homeowners account for 9.12% of aggregate debt holdings.
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FIGURE 3.2: Heterogeneous Household Decision

Note: This figure shows the household decision among different wealth. The top-left panel shows the value function. The
top-right panel shows the net borrowing. The bottom-left panel shows the owner-occupied houses. The bottom-right
panel shows consumption.

3.6 Counterfactual Analysis

This section presents two counterfactual experiments: an increase in housing prices and

a reduction in the loan-to-value ratio.

3.6.1 Increase in Housing Price

This subsection analyzes the counterfactual scenario of a 50% increase in housing prices.
Figure 3.4 illustrates that the wealth threshold for homeownership increases, as the higher

housing price necessitates larger down payments to acquire the minimum required housing
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FIGURE 3.3: Average Credit Card Debt (2011-2019) and Mortgage Debt (2003-2019)
among Wealth Quintile

Note: This figure displays the average credit card debt from 2011 to 2019 and mortgage debt from 2013 to 2019 among
household wealth quintile. The top panel shows average credit card debt among wealth quintile in 2011 with dark blue

line, in 2013 with brown line, in 2015 with green line, in 2017 with orange line, and in 2019 with shallow blue line. The
bottom panel shows average mortgage debt among wealth quintile in 2003 with dark blue line, in 2007 with brown line,

in 2017 with green line, in 2015 with orange line, and in 2019 with shallow blue line. (Source: PSID)
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FIGURE 3.4: Heterogeneous Household Decision with g;, = 8.43

Note: This figure shows the household decision among different wealth under a higher housing price. The top-left panel
shows the value function. The top-right panel shows the net borrowing. The bottom-left panel shows the owner-occupied
houses. The bottom-right panel shows consumption.

Under this counterfactual scenario, the equilibrium interest rate rises to 3.04%. The
model generates a 90-10 consumption ratio of 7.17, indicating heightened inequality. Un-
secured debt comprises 13.41% of total household debt, while non-homeowners account for
7.89% of aggregate debt holdings. The results demonstrate both a higher equilibrium in-
terest rate and an increased proportional debt share for homeowners, directly attributable
to the enhanced collateral value of housing assets. The diminished share of unsecured debt
relative to the benchmark specification indicates a significant crowding-out effect from ex-
panded mortgage borrowing capacity. This reallocation of credit across household types

consequently exacerbates consumption inequality, as evidenced by the elevated 90-10 con-

sumption ratio.
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3.6.2 Decrease in LTV Ratio

This subsection analyzes the counterfactual scenario of a lower loan-to-value ratio 6 =
0.4. Figure 3.4 illustrates that the wealth threshold of homeowners increase since it requires

a higher down payment to purchase the minimum purchase amount.
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FIGURE 3.5: Heterogeneous Household Decision with 6 = 0.4

Note: This figure shows the household decision among different wealth under a smaller loan-to-value ratio. The top-left
panel shows the value function. The top-right panel shows the net borrowing. The bottom-left panel shows the
owner-occupied houses. The bottom-right panel shows consumption.

In this counterfactual scenario, the equilibrium interest rate falls to 1.27%. The model
generates a 90-10 consumption ratio of 4.96, indicating reduced inequality. Unsecured debt
comprises 26.11% of total household debt, while non-homeowners account for 12.72% of
aggregate debt holdings.

The analysis reveals a decreased equilibrium interest rate, attributable to the reduction
in mortgage demand. Homeowners’ debt share contracts in response to the diminished
pledgeability of housing assets. The lower homeownership rate, combined with the in-
creased proportion of unsecured debt relative to the benchmark calibration, suggests that
households relying exclusively on unsecured borrowing benefit from reduced competition in

the credit market. The constrained wealth accumulation through housing assets facilitates
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a more equitable credit allocation across household types, thereby mitigating consumption

inequality as evidenced by a decrease in the 90-10 consumption ratio.
3.7 Conclusion

This paper develops a heterogeneous-agent model to examine how housing prices af-
fect non-homeowners’ consumption through credit market channels. By incorporating both
unsecured and secured debt instruments, the analysis demonstrates that high-wealth house-
holds optimally demand both debt types simultaneously.

The model reveals that under elevated housing price conditions, wealthy households
increase their debt utilization, consequently crowding out unsecured credit availability for
wealth-constrained households and exacerbating consumption inequality. The equilibrium
asset portfolios generated by the model align with empirical patterns, thereby addressing
the ostensibly counterintuitive phenomenon of affluent households maintaining unsecured
debt positions.

This analysis establishes that wealthy homeowners—frequently characterized in the lit-
erature as "wealthy hand-to-mouth" consumers—rationally employ both unsecured and
mortgage debt concurrently to finance consumption. Although non-homeowners lack hous-
ing assets on their balance sheets, housing market conditions nonetheless influence their
consumption possibilities through credit market spillovers. The theoretical framework elu-
cidates this transmission mechanism while generating asset allocation patterns consistent
with empirical evidence.

Counterfactual experiments indicate that mortgage debt crowds out unsecured credit
and reduces credit access for low-wealth households through general equilibrium effects un-
der scenarios with higher housing prices and expanded loan-to-value ratios. A framework
that neglects the interaction between secured and unsecured debt markets would fail to
capture these crowd-out effects and would be unable to demonstrate the impact of housing
prices on non-homeowners’ consumption through credit market channels. This paper pro-

vides a framework that enables comprehensive evaluation of housing policies, encompassing
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not only direct effects on homeowners but also indirect spillover effects on non-homeowners

through credit market equilibrium adjustments.
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4. Conclusion

This dissertation demonstrates the reciprocal influence between housing and credit mar-
kets. Interest rates affect not only households’ housing consumption decisions but also sig-
nificantly impact construction firms’ behavior, resulting in housing price increases despite
contractionary monetary policy. In contrast, housing price fluctuations influence not only
homeowners’ consumption patterns but also indirectly affect non-homeowners’ consumption
possibilities through the crowding-out of unsecured debt in the credit market. These find-
ings have important policy implications. Monetary policy analyses that neglect builders’
supply responses may generate directionally incorrect predictions regarding housing price
dynamics. Furthermore, housing policies designed to affect homeowners generate significant
spillover effects on non-homeowners’ consumption through credit market by crowding out
unsecured debt.

Chapter 2 employs a quantitative framework to demonstrate that transitory real interest
rate increases generate housing prices that exceed those in fixed-supply counterfactuals by
5 to 7 percentage points relative to steady-state values in the short run. This phenomenon
primarily stems from construction firms’ reduced building activity under elevated interest
rates due to time-to-build constraints, resulting in a persistent housing stock deficit that
propagates forward. Notably, even following drops in interest rates and the consequent
recovery of new construction to baseline levels, the cumulative housing stock remains below
its counterfactual path. This mechanism generates higher housing price trajectories in an
economy with endogenous supply relative to a fixed-supply environment, not only during
periods of elevated interest rates but also during the subsequent normalization phase.

Chapter 3 develops a quantitative framework to analyze the transmission of housing
price fluctuations to non-homeowners’ consumption and consumption inequality through
credit market channels. Empirical evidence indicates that unsecured debt constitutes a
larger fraction of household debt during housing market downturns, with non-homeowners
simultaneously accounting for an increased share of aggregate debt. The analysis con-

structs an Aiyagari-type heterogeneous agent model with endogenous housing investment
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and financial portfolio choices, demonstrating that housing price appreciation crowds out
unsecured debt through general equilibrium effects in the credit market by enhancing hous-
ing collateral value and expanding mortgage borrowing capacity. This theoretical frame-
work successfully replicates empirical patterns of increasing mortgage debt and U-shaped
unsecured debt profiles across the wealth distribution. Through this credit market trans-
mission mechanism, housing price appreciation reduces non-homeowners’ debt share and
consumption possibilities, thereby exacerbating consumption inequality across the wealth

distribution.
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Appendix A. Builder’s Problem

The multipliers of current budget constraint, the net worth evolution and the financial

constraint are y, R-1 # and R\’ respectively. The first-order conditions are:

d: 14+ ¢s =1, (A1)
w' =1, (A2)
b: p=1+x, (A.3)
S S O (7] R G Cas =) REUI LA

With a functional form ¢(—d) = ¢o(—d)? if d < 0 and f(x) = Ayx*, given pj, and R,

the equilibrium building strategy for unconstrained builders is:

P <””f'< >>

_ T—a;,
=>Xunc = (Ahah * thPRW> ' (A.5)
x

- _Rp,)\ T
hs,unc = lunc = f(xzmc) = A]i " (“h * thPW> " . (A.6)
x

We first observe A’ = ¢; i.e., a constrained builder always issues equity, and vice versa.
Let x = Xyne, d = 0, and b = R™10,pyhs in (2.2), we get a threshold @ of constrained and

unconstrained builders:

1 L — R . lm
@ = (pr = R™0ppu) A" <Dch H Rp m) e pr (Ahlxh * thW) |
X

1A _R _~
Wl—“h)% ph(th—eb)]Al <ahr’thW> Z

From (A.4), a constrained builder with initial net worth w < @ solve x(w) and hs(w)

satisfying

- [pg Pxxl'xh] 1+ gog1[(pe — R0y pin) Apx™ 4 pxx — w]

ap Ay 1+ 9b(,b()(,b1[(pg — R—19bph)Ahx"‘h + pxx — w] '
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It is worth mentioning that a builder builds new construction only if p, > Rpy; i.e., the

revenue should at least cover the future value of the land cost.
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Appendix B. Representative Household and Exogenous
Housing Supply

In this appendix, I show that representative households cannot provide a rich analysis
as a heterogeneous household setting. I assume a constant income, a short-term mortgage,
and housing adjustment with adjustment costs. I also assume that the initial condition is

m_1 = 0.

[Cl—ah/a] 1-y 1
V(h,m;r) = VK, m';
(h,m;7) o max T + BV (W, m';r)

s.t.
ctpplh —(1=8)h+x,(1—6p)h]+ (1 +rm<y+m,

(L+7r)m" < 0, (1—d)puh’.

Let u and A be the multiplier of the budget constraint and the collateral constraint respec-

tively. The FOCs are

C: uc =H,
W Uy, + 0p(1 = ) pur + BV = pupt,
m': 4BV = (1+71)A

Envelope Conditions are:
h: Vie = —pn(1 =) (1 = )1,

m: Vin=—1+r)p.

The market clearing condition is:

W =H,

where H is the exogenous housing supply.
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We consider the steady-state equilibrium. After rearranging equations, the equilibrium

conditions are:

MCC: h=H,
o c\® 1
FOC of ¢/h: - (ﬁ) = pp [1+,3(1—Kh)(1 —0p) — Op(1—dp,) <1+r _,B>} ’
BC: ¢+ pulon + x4 (1= 0p)JH =y —rm,
FC: (1+7r)m < 6,(1—6,)prH.

Note that for the existence of the equilibrium, B(1+r) < 1.
B.1Case 1: B(1+r) =1

This implies that households are unconstrained in the steady state. Since households
are endowed with constant amount of goods, y, the steady state m = 0. (This argument
needs to be proved) That is, households do not have to smooth consumption throughout

the mortgage/saving. The equilibrium becomes:
W=H,
m =0,

c={pn 1+ B —x,)(1—5,)]}" H,
{{pie (4 B - m) (-8} 4l = 1= 0)A - 0] F =

A
-

The last equation solves pj,. Since the left-hand side is increasing from 0, there exists a

unique py.
B.2Case2: B(1+7r) <1

This implies A > 0 and the collateral constraint is always binding. Households borrow
to the limit when the economy starts, and they always want to borrow more. However,

they are capped by the borrowing limit. They will repay only the interest expense and keep
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the debt level at the borrowing limit. The equilibrium is:

h' =H,

1 6, (0=3)puH
- 1+r ’

c={p = [1+B(1—r)(1=8) —6u(1-5) (5 — )]}
c+rm +py[1 —(1—x,)(1—6,)]H = y.

m

Q=

H,

By analyzing the equilibrium conditions, p; decreases while r increases. Given pj, an
increase in r will increase rm’ and ¢, so p;, will decrease to hold the equality of the last
equation.

If households are representative and homogeneous, there is no heterogeneous responses
in policy functions. The distribution effect is degenerate to one point. Therefore, we need

heterogeneity in the household side.
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Appendix C. Details of Moments

This section specifies the calculation of moments from data in table 2.2. I first summarize
moments generated from SCF in 2022. The average house price is the mean primary
residence $471.06 thousand. Normalized by the average income, it is 3.3316. The average
wealth for homeowners and renters are $1525.16 thousand and $153.47 thousand, so the
ratio is 9.94. The average housing debt for homeowners is from aggregation of mortgages
or home-equity loans $215.3 thousand, home-equity lines of credit $44.33 thousand, and
other residential real estate debt $245.21 thousand, which is $504.84.1 Tt equals 3.57 after
being normalized. The average income for homeowners and renters are $177.2 thousand
and $71.71 thousand, so the ratio is 2.47. The average wealth is $1059.47 thousand, which
is normalized to be 7.49.

There are two moments generated from ACS. The number of total occupied housing
units and owner-occupied units are 125,736,353 and 81,497,760, so the share of owner-
occupied houses is 64.8%. Among owner-occupied units, there are 50,148,459 housing
units with a mortgage. Therefore, the share of owners with mortgages is 61.5%.

I calculate the new construction sales share from AFEI-Zillow new construction index.

We can get 12.9% from taking average of quarterly new construction share of sales.

1 The structure of SCF debt variables can be found here.
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Appendix D. Numerical Computation

This section elaborates how I implement the numerical solution of the stationary equi-

librium and transitional dynamics.
D.1 Stationary Equilibrium

The computational solution faces three key challenges. First, there are four state
variables—income, liquid, housing position, and mortgage balance the non-uniqueness solu-
tion of liquid assets and mortgages. In transitional dynamics, the interest rate attached
with the existing mortgage is an additional state variable. Second, the different terms be-
tween long-term mortgages and liquid assets cause non-uniqueness portfolio in the solution.
Third, the endogenous mortgage borrowing constraint causes problems in assigning mort-
gage grids and interpolating the objective function. To resolve these problems, I assume
that households can only move to h, € H = {h',h?,13,...,hiN}, where h! < h? < ... < kN, and
the duration of the house hy,, = 10.! These two assumptions ensure that the households’
housing state space is a finite set with 4N % hy,, + 1 elements.? Without loss of generality,
I can assume that the mover always borrows to the limit, and the stayer always repay the
minimum repayment. The reason lies in the fact that they can always save the amount
exceeding the optimal mortgage balance. For example, if a household borrows 1 dollar more
in her mortgage balance, she can always save this dollar in the liquid asset and use the gross
return R to repay the additional borrowing next period. This assumption reduces one state
variable, mortgages, since the mortgage balance attached with each housing state is certain.
It simultaneously resolves the dimensionality problem and the interpolation problem.

The numerical exercise solves the stationary problem as the following:

1. Given exogenous 7, first guess a housing price p, and assign mortgage balance for

each housing grid.

! The duration assumption does not affect the result significantly when it is not too small. It is always ap-
plicable to assign a higher duration. Here, I assume h;,, = 10 considers both the reality and the computation
efficiency.

2 The additional one means that a household does not own a house; i.e., & = 0.
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2. Inner loop (Value function iteration): Guess an initial value function Vj. Solve house-
hold optimality under choice of moving to h’ € H, staying, and renting separately, and
find the maximum as the optimal housing choice. The corresponding value function
V1 is obtained. Check ||V; — Vpl|. If the difference exceeds the tolerance level, update
the initial value function and keep implementing the process until the difference is
smaller than the tolerance level.

3. Use the policy function from the inner loop to get the stationary distribution F.
To get a finer distribution, we find out the threshold of liquid asset d;, € [a,_1,a,]
when h'(m, h,a,_1,y) # W (m,h,a,,y),Yn € N such that V(m,h,d,,y) is indifferent
between choosing h'(m,h,a,_1,y) and W' (m,h,a,,y). With this refinement, we get
a more continuous distribution mass along with liquid asset a. Check the market
clearing condition.

4. If the absolute value of the excess demand is smaller than the tolerance level, we claim
that the equilibrium price is found. Otherwise, adjust the price and redo the process

above with the updated price until the market clears.
D.2 Transitional Dynamics

The transitional dynamics of the fixed-rate mortgage structure needs to track the exist-
ing mortgage rate. This would not be a problem because we can make the same assumption
as in D.1 and pin down the attached mortgage balance for each housing grid during the
transition. The only concern is that repaying the minimum repayment might not be opti-
mal when the current rate is smaller than the existing mortgage rate. Therefore, I assume
that the existing mortgage rate is automatically refinanced to the current rate if the current
rate is lower than the existing mortgage rate.3

The numerical exercise solves the transitional dynamics as the following:

1. Guess a price sequence along the transitional path.

2. Backward: Given the price sequence, back out the value function sequence along the

3 For a more detailed discussion about refinance behaviors, we can check Berger et al. (2024) and Boar et al.
(2022).
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transitional path.

3. Forward: Given the derived value function sequence, clear the market by solving the
policy function, updating distribution, and updating the price period by period from
the beginning of the transition.

4. Check the distance between the new price sequence and the old price sequence. If
the distance is smaller than the tolerance level, we claim that we find the transitional
dynamics path.

5. Otherwise, redo the above process until the price sequence converges.
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Appendix E. Figures for Chapter 2

- 04 -{Correlation = - 161

20001

Date
FIGURE E1: Real Interest Rate and Housing Completion Growth (Q1 2000-Q1 2022)

Note: This figure displays the quarterly time series 1-year real interest rate by the blue solid line (left y-axis) and builder’s

housing completion growth rate by the red dashed line (right y-axis) from Q1 2000 to Q1 2022 in the U.S.
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FIGURE E2: Owner-occupied House

Note: This figure displays household aggregate owner-occupied housing demand curve. Specifically, the blue solid line
depicts owner-occupied housing demand under different housing prices given r = 0.618%. The orange line with circle
depicts owner-occupied housing demand under different housing prices given r = 5%.
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FIGURE E3: Rental House

Note: This figure displays household aggregate rental housing demand curve. Specifically, the blue solid line depicts
rental housing demand under different housing prices given r = 0.618%. The orange line with circle depicts rental
housing demand under different housing prices given r = 5%.

76



Interest rates

o

Period

Share of Stayer

Period

Period
2 066 : :
£ FRM —&— ARM
@ q
= 064 |
LS }
= 0.62 1 1 I I 1 1
o 1 2 3 4 5 8 9 10

FIGURE E4: Transitional Path of Share of Stayer and Homeowner to Interest Rate

Shock-FRM and ARM

Note: This figure illustrates the aggregate response of the economy with builders under FRM and ARM respectively to a
temporary increase in interest rates. The top panel plots the exogenous change in the interest rate. The middle panel plots
the transition of share of stayers in an economy with FRM (blue solid line) and with ARM (orange dashed line). The
bottom panel plots the transition of the new construction in an economy with FRM (blue solid line) and with ARM
(orange dashed line). All sectors and agents have perfect foresight of dynamic path of all variables after the unexpected

interest shock is realized.

77



0.06 - B

0.04 B

Interest rates

0.02 - B

1 1 1 1
1 2 3 4 5 6 7 8 9 10
Period

«107°

1.5

(brf

1 1 1 1
1 2 3 4 5 6 7 8 9 10
Period

FIGURE E5: Transitional Path of Marginal Cost of Equity Issuance to Interest Rate
Shock-with and without Builder’s Financial Constraint

Note: This figure illustrates the aggregate response of the economy under FRM and builders with and without builder’s
financial constraint respectively to a temporary increase in interest rates. The top panel plots the exogenous change in the
interest rate. The bottom panel plots the transition of marginal cost of equity issuance without builder’s financial
constraint (blue solid line) and with builder’s financial constraint (orange dashed line). All sectors and agents have
perfect foresight of dynamic path of all variables after the unexpected interest shock is realized.
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Appendix F. Proof of Lemma 3.3.1

Proof of Lemma 3.3.1. Since the default behavior depends on the repayment amount, we
consider the benefit and the loss of default. Here ¢4 and /) are the optimal choices of con-
sumption and residential houses when the unsecured borrower repays. If she defaults,
she has additional wealth R¢,. From the budget constraint (3.3) and the first-order condi-

tion (3.10), we have

(14+ ¢ +e)dcs = RY,.

Then we have

1
dcy = —— RV,
1+¢+e
1
dhy = L—R -
1+¢+€1’h2

Therefore, the no-default condition is

In(c +dcs) + (¢ +€)In(hy +dhy) <Incy + (¢ +€)Inhy + BA

u 1 u u 1 u
=1In (cz + 1—H¢>—|—6R£u> —Incy + (p+e€) [ln <h2 + 1#2_’_6 * rth&,) - lnhz} < BA

1 RG,
1+¢+e ¢y

:>1n<1-|— >+((P+€)ln(1+ ? ! R£><ﬁA

T+¢+e rghti "

1Rl
1+¢p+e )

1 RY,
1+¢+e cy

:>1n(1+ >+(¢+e)ln<l—|— ><5A

1 RY,

BA

~ R, < {elffﬂ - 1} (1+¢+e)ck = [el+4’+f _ 1} 4 — RC,]

79



Appendix G. The Two-Period Model Equilibrium

Here we present the solution of the interest rate, the unsecured credit, and the secured
credit. By plugging these solutions in budget constraints, we easily get equilibrium con-
sumption and residential housing.

Case 1: Binding unsecured credit limit and binding collateral constraint

dzgu—’_gs

S u
:>(1—a)yﬁ—a&:%+w

Then the equilibrium is

R — ays+Kyy +0(¢+e)

=
_ ®)y3 .
bu = ay;+f<y5’+t§<$+e> KY2;
— 9
bs = ay2+Ky2+€(41+e (¢ + €>

Case 2: Non-binding unsecured credit limit and binding collateral constraint

d — EM +£s
S u
=(1-a)yj —04%2 = a% (1—a)yf + 0(9+e)

Then the equilibrium is

R = Y tys)+0(¢+e)Vs
IR
b= +y2)+y$<¢y+1e) wayy — (L—a)yy;
)

s (yz+y )%(;ini +0(g +e)a.

)

Case 3: Binding unsecured credit limit and non-binding collateral constraint

d:€u+€s

Ky o (¢p+e)Y
Sy a2 = OO ey gy,
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Then the equilibrium is

aly3+y’+(¢+e) Yol +rys

(I=e) (i +v°+11) 7

_ KY> S ho .
(1-a) a5+ + (pe)Yal +ryy Wi+ 90+ o00);
_ - a[y5°+(9+e) Y] s ays+Kyy ho }
=(1-a) {a[y3+y’;°+<¢+e)Yz]+Kya'y 1 e W1 TN f

R
ly
2

Case 4: Non-binding unsecured credit limit and non-binding collateral constraint

d - Eu + ES
S u ho
S u + + € Y ()
S(1-ayi— a2 = ol (1w 2N gy g,
R R R
Then the equilibrium is
IX(1+¢+€)Y2 .

R=agmem
b= (1-a) { e« et — i}
ES -

T+¢+e " Yo
(1—a) { Trple » 3 [0 + (9 + €)a] — (1 +911) |
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G.1 Proof of Proposition 3.3.2

We first prove that the amount of deposits increases with €. Recall that &« = W

and % < 0. Given the interest rate R, from the optimal deposit condition (3.15), we get

od  ow(  y?
66__6e<y1+R > 0.

Therefore, the amount of deposits increase.

We then prove that the optimal unsecured credit from the unsecured borrower’s per-
spective and the unsecured credit limit both decrease. Given interest rate R, from the
optimal unsecured-debt condition (3.17), we get the effect of € on the optimal unsecured

credit:

oby ow [ , Y5

In addition, from Lemma 3.3.1, the effect of € on the unsecured credit limit:

a_ o,
de ~ de72
B BA
— 1+¢+e I Ry
e *(1+¢+€)2y2<0.

Lastly, I show that the collateral value increases with € from equation (3.13):

(77’th _ Yz
e H 0
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