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Preface

This dissertation consists of three self-contained chapters that study households’ economic
decisions at the intersection of macroeconomics, household finance, and family economics.
My research examines how policy can address pressing societal challenges by focusing on
the role of housing markets. In the first two chapters, I examine what happens to home-
owners when natural disasters strike and how governments can support homeowners whose
properties are destroyed. In the third chapter, I study how policy can mitigate housing
market frictions that constrain fertility decisions of young families when older homeowners
hold on to their homes, reducing the supply available to potential parents. Both issues are
becoming increasingly relevant in the context of climate change and demographic change.
The unifying theme across my research is how housing markets shape macroeconomic
outcomes and household behavior.

Chapter 1 In “Bailing Out Homeowners: Government Aid and Mortgage Default after
Natural Disasters”, I take a theoretical and quantitative approach to evaluating post-
disaster government aid. A common concern in policy debates is that households who
expect a government bailout will simply forgo private insurance. I show that mortgage
default complicates this picture. Since defaulting on a mortgage already provides a form
of financial relief after a disaster, households have reason to underinsure even without
any expectation of government aid. At the same time, anticipating default raises their
borrowing costs upfront as lenders charge more when they expect borrowers to walk away.
Government aid, by making default less attractive, can improve financing conditions and
raise household welfare even when insurance markets are working well. I therefore develop
a quantitative heterogeneous-agent framework to evaluate post-disaster government aid
and explicitly account for its interactions with private insurance markets and mortgage
defaults. Calibrating the model to the U.S. economy, I find that existing aid programs
generate aggregate welfare gains, equivalent to a 0.25 percent increase in consumption,
with the largest benefits for low-income households in high-risk regions. I further propose
an alternative policy design that could improve welfare by 0.21 percent relative to the
current aid, by decoupling eligibility for rebuilding grants from private disaster insurance
coverage.

Chapter 2 “Default or Declare? Household Responses to Natural Disasters” sets aside
the model and turns to the data. When disasters hit, do households fall behind on
mortgages, or do they file for bankruptcy? Falling behind on mortgage payments risks
foreclosure—a lender-initiated process that typically means losing the home—while filing
for bankruptcy is a debtor-initiated process that can restructure debt and sometimes allow
homeowners to stay. I further examine whether these outcomes differ by where households
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live and whether the federal government steps in by providing aid. Using various datasets
on mortgage performance, bankruptcy filings, insurance coverage, and government aid,
I document that natural disasters raise average mortgage delinquency rates but do not
uniformly translate into higher foreclosure or bankruptcy rates; bankruptcy rates even
decline following large disasters. Part of this comes from substitution across default chan-
nels, which is visible only when all three margins of financial distress are studied together.
I find that two institutional factors shape household responses: federal disaster declara-
tions and statewide recourse regulations. In states where lenders can pursue borrowers
beyond the home, households lean more heavily on bankruptcy to restructure debt, while
non-recourse states see relatively more foreclosures after natural disasters. The combina-
tion of rising delinquencies, stable or declining foreclosures, and falling bankruptcy rates
is concentrated after large, federally declared disasters. This pattern is consistent with
government aid playing an important role in preventing households from entering more
severe forms of default.

Chapter 3 “Limited Downsizing of Empty-Nesters: Elderly Housing Concentration and
Fertility” is joint work with Ursula Berresheim. This chapter is motivated by low fertility
rates and persistently high housing costs in the modern U.S. economy. Across the United
States, older homeowners tend to stay in large homes long after their children have left,
while young families who want to start having children may struggle to find the space
they can afford. We document a strong empirical association between this concentration
of housing among older households and low local fertility rates. To understand these pat-
terns, we build a quantitative overlapping-generations model with endogenous fertility. In
the model, children require housing space, which makes access to larger homes a direct
determinant of fertility. We calibrate the model to the U.S. economy and, through its
lens, identify two frictions that drive the observed pattern of intergenerational housing
allocation. Young parents face liquidity constraints that price them out of homes large
enough to raise children, while older households exhibit habit formation, such that their
attachment to their homes makes downsizing feel costly even when it is financially ratio-
nal. The policy implications are nuanced. Increasing property taxation reduces elderly
housing concentration, but it also depresses fertility and welfare. Targeted transfers to
young parents, on the contrary, increase fertility, reduce elderly housing concentration,
and generate sizable welfare gains overall, but some of those gains come at the expense of
older cohorts.



1

Chapter 1

Bailing Out Homeowners:
Government Aid and Mortgage
Default after Natural Disasters

Abstract: Natural disasters destroy substantial parts of homeowners’ wealth
and often prompt large-scale government aid. This aid might crowd out pri-
vate disaster insurance. However, homeowners already hold implicit insurance
through the option to default on mortgages. This option shapes the welfare ef-
fects of government aid in two opposing ways. On the one hand, default already
provides partial coverage, reducing the marginal value of aid. On the other
hand, anticipating default leads households to underinsure. This underinsur-
ance raises their financing costs and generates a commitment problem that the
government can resolve. To quantify the welfare effects of post-disaster govern-
ment aid, specifically, rebuilding grants and foreclosure moratoria, I develop
a structural general equilibrium model. The model embeds natural disaster
shocks within an incomplete markets framework, which features two degrees of
mortgage default: delinquency and foreclosure. Calibrated to the U.S. economy
over 2000-2020, the model yields three main results. First, government aid in-
creases uninsured losses by 36 percentage points and increases owner-occupied
housing in disaster-prone areas by 14 percent compared with no aid. Second,
government aid generates 0.25 percent aggregate welfare gains in consumption-
equivalent terms, mainly benefiting households in high-risk regions. Third, for
equal fiscal cost, the greatest welfare gains occur when rebuilding transfers are
provided independently of insurance coverage, thereby limiting crowding out
of private disaster insurance.

0I am grateful to Matthias Meier and Michèle Tertilt for many valuable discussions and suggestions that
significantly improved this paper. For helpful comments, I thank Klaus Adam, Miren Azkarate-Askasua,
Ursula Berresheim, Andreas Gulyas, Christian Hellwig, Bjarne Horst, Tom Krebs, Dirk Krüger, Moritz
Kuhn, Ana Moreno-Maldonado, Todd Schoellman, Philipp Wangner and various seminar participants.
Particular thanks go to my discussants Marta Cota and Alex Clymo for their helpful comments. All
potential errors are my own. Support by the German Research Foundation (DFG) through CRC TR 224
(Project C05) is gratefully acknowledged. Further, the author acknowledges support for computational
resources by the state of Baden-Württemberg through bwHPC and the German Research Foundation
(DFG) through grant INST 35/1597-1 FUGG.
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1.1 Introduction

Natural disasters impose substantial economic costs on the U.S. economy. Over the past
three decades, they have generated losses of about $2.27 trillion, while the federal gov-
ernment has provided around $347 billion in government aid through the Disaster Relief
Fund (Congressional Budget Office 2022). Housing is particularly vulnerable to natural
disasters due to its immobility. Home equity represents 62 percent of homeowners’ net
worth (Survey of Income and Program Participation, 2023), yet private disaster insurance
covers only roughly 43 percent of total economic losses (Swiss RE 2024). The gap is larger
for flood risk, where an estimated 70 percent of losses remain uninsured (Amornsiripanitch
et al. 2025). Since climate change raises both the frequency and severity of natural disas-
ters (IPCC 2023), the fiscal and economic importance of government aid may continue to
grow. At the same time, the design and provision of government aid have been questioned
as empirical evidence suggests that expectations of federal support reduce private disaster
insurance demand (Raschky et al. 2013; Kousky, Michel-Kerjan, et al. 2018), but elim-
inating aid altogether would leave many households financially exposed (Gallagher and
Hartley 2017; Kousky, Palim, et al. 2020).

Beyond private disaster insurance and precautionary savings, mortgage default func-
tions as an additional, implicit insurance mechanism. Periods of temporary nonpayment
(delinquency) can buffer short-term expenditure shocks, and when lenders face limited
recourse, foreclosure shields borrowers from large property losses by extinguishing their
outstanding debt. This dual role of default creates two opposing forces for the welfare
effects of government aid. The first is an implicit insurance channel. Since mortgage
default already provides partial coverage, there may be a reduced need for government
intervention. The second is a commitment channel. Households who anticipate default-
ing after a disaster may choose to remain uninsured ex ante, which raises their mortgage
financing costs. Government aid, by reducing the attractiveness of default, can act as a
commitment device. This may improve financing conditions and raise welfare even in the
absence of insurance market imperfections.

In this paper, I evaluate the design of government aid in the presence of interactions
between government aid, private disaster insurance, and mortgage default. I develop
a quantitative general equilibrium model that integrates these mechanisms to address
two central questions: in the presence of the implicit insurance channel as well as the
commitment channel, (i) what are the aggregate and distributional effects of existing
government aid, and (ii) how do alternative policy designs compare to current government
aid programs?

To analyze the scope for government intervention, I develop a tractable model of insur-
ance choice with endogenous default. The framework illustrates how default opportunities
weaken demand for private disaster insurance and how government aid can improve wel-
fare even in the absence of insurance market imperfections. In the model, government aid,
in terms of rebuilding grants, lowers households’ reconstruction burden and can crowd
out private disaster insurance. Yet, the expectation of receiving rebuilding grants also
diminishes the value of default as an insurance mechanism. This increases the ex ante
incentive to insure and improving financing conditions for homeowners by reducing de-
fault risk. In addition, I provide novel empirical evidence on U.S. mortgage performance
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following natural disasters over the past two decades. The results match the mechanisms
I propose. Delinquencies increase sharply, but are not accompanied by rises in foreclo-
sures in counties hit by natural disasters. This pattern is consistent with a crucial role of
government aid provided and the quasi-insurance role of temporary delinquency, as many
loans appear to subsequently cure. Allowing for temporary mortgage nonpayment in the
quantitative model is therefore crucial for capturing this dynamic and for replicating the
observed household responses.

The quantitative model features a two-region heterogeneous-agent economy with in-
complete markets. Regions differ in their exposure to natural disasters, but jointly finance
a federally funded aid program. Within each region, local housing markets include both
homeowners and renters, and housing capital is subject to stochastic, partial destruction
by natural disasters. Households hit by a disaster shock also obtain a reduced flow of hous-
ing services and incur reconstruction costs, with the latter being an expenditure shock.
Combined with potential negative home equity, this constitutes a “double-trigger” event
that can precipitate mortgage default.1 Agents face uninsurable idiosyncratic income risk
and make consumption-saving choices under a borrowing constraint. Households choose
their home size and ownership states. Home purchases are financed with mortgages whose
prices reflect individual default risk. Mortgage holders may temporarily suspend pay-
ments without immediate foreclosure (i.e., enter delinquency). Recourse is limited: not all
foreclosed borrowers are liable for outstanding mortgage balances (e.g., via wage garnish-
ment), so lenders cannot always recover losses. Homeowners can purchase private disaster
insurance, but insurance premiums exceed actuarially fair rates due to intermediation
costs. The rest of the economy consists of a competitive housing sector, a financial inter-
mediary, an insurance firm, and a government that runs a balanced budget. In line with
existing U.S. aid programs, I model government aid as foreclosure moratoria and rebuild-
ing grants proportional to rebuilding costs, net of private disaster insurance coverage. In
equilibrium, the availability of delinquency and foreclosure substitutes for precautionary
coverage. Combined with limited recourse and the insurance wedge, homeowners buy less
private disaster insurance even in the absence of government aid.

I calibrate the quantitative model to the U.S. economy and the incidence of natural
disasters over 2000-2019, using data from the American Housing Survey, the American
Community Survey, and Fannie Mae loan-level records, among other sources. I classify
U.S. counties into high-risk and low-risk regions based on their Expected Annual Loss Rate
from FEMA’s National Risk Index. The model matches key moments of the U.S. housing
market and replicates qualitative regional heterogeneity. I use the calibrated model to
analyze current government aid and conduct policy counterfactuals.

First, I analyze the redistributive and aggregate welfare effects of eliminating the ex-
isting government aid. The results show that government aid raises the share of losses
uncovered by private disaster insurance by 36pp while increasing the owner-occupied hous-
ing stock in disaster-prone areas by 14%. Even with these distortions, government aid in-
creases aggregate welfare by 0.25% in consumption-equivalent variation (CEV), with the

1Empirical evidence suggests that households facing both affordability shocks and negative equity are
especially prone to default; see Foote et al. (2008) and Ganong and Noel (2023).
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largest gains accruing to low-income households in high-risk regions. This is surprising:
low-income households have lower homeownership rates and therefore indirectly subsidize
the rebuilding of wealthier homeowners. However, for low-income homeowners in high-risk
areas, aid especially reduces the likelihood of displacement after a natural disaster for these
households. In the low-risk region, the welfare effects differ: for low- and middle-income
households, the general-equilibrium costs (higher house prices and lower transfers due to
cross-subsidization) outweigh the direct insurance value of the aid.

Second, I assess whether welfare can be improved by raising the maximum grant level
currently provided by the government. The welfare gains of government aid depend on
the size of rebuilding grants. While increasing the maximum grant raises welfare when
starting from a no-aid scenario, the gains plateau and eventually reverse. Once aid covers
a sufficiently large share of rebuilding costs, additional transfers reduce aggregate welfare
as the resulting distortions channel larger transfers toward high-risk regions.

Third, I evaluate a set of counterfactual policy designs aimed at addressing shortcom-
ings of existing programs, such as the crowding out of private disaster insurance and the
overaccumulation of housing in risky areas.

Relative to current government aid, the largest welfare gains (+0.21% CEV) occur
when rebuilding grants are provided independently of private disaster insurance coverage,
reducing direct crowding-out. In contrast, eliminating government aid and reallocating
the same funds to subsidize private disaster insurance reduces aggregate welfare (–0.18%
CEV), with the largest losses among low-income households in high-risk regions. The sub-
sidy fails to make private insurance sufficiently appealing, so these households continue to
rely on default as an implicit form of insurance and are displaced after major disasters.
Targeting rebuilding grants exclusively to low-income households yields modest aggre-
gate gains (+0.04% CEV), as gains for low-income households are offset by the losses
among middle- and high-income households who previously benefited from government
aid. Financing government aid through a housing tax produces aggregate welfare gains of
+0.16% CEV by discouraging overinvestment in risky regions; however, low-income house-
holds experience welfare losses in both low- and high-risk areas due to reduced housing
affordability.

Fourth, I examine the recourse regime and find that whether foreclosed homeowners
remain liable for outstanding mortgage debt determines which households gain and which
lose under alternative policies. Under strict enforcement, insurance-independent aid is the
only alternative policy design that generates welfare gains. Moreover, welfare losses from
removing government aid become concentrated among low- and middle-income households,
for whom foreclosure serves as an informal insurance mechanism, which becomes more
costly under strict recourse.

Lastly, I quantify the welfare effects and fiscal costs of maintaining the current gov-
ernment aid in a scenario with heightened risk of extreme events due to climate change.
I simulate a steady state with a 10% increase in the frequency of large-scale damages,
holding constant the share of affected households in each period. As households adjust
their housing choices, maintaining current aid levels increases expenditures by only 0.1%,
and aggregate welfare falls only by around 0.2% CEV.



Introduction 5

Related literature The paper relates to three strands of literature. First, it contributes
to a growing literature on adaptation and rebuilding after natural disasters. As I show
in the paper, mortgage default serves as an important implicit insurance mechanism and,
therefore, is relevant to include when assessing the effects of natural disasters on homeown-
ers. To the best of my knowledge, the only paper combining government aid and mortgage
default in a unified framework is Aron-Dine (2025). While her analysis focuses on migra-
tion and housing markets, it confines the welfare assessment to aid recipients and treats
disasters as one-off, unanticipated shocks. In this paper, I develop a general-equilibrium
framework that internalizes fiscal costs and cross-regional transfers, thereby capturing wel-
fare effects for all agents who fund or benefit from disaster assistance. I further explicitly
model household delinquencies and private insurance choices that jointly determine effec-
tive insurance in the economy—two key mechanisms absent from her work. Allowing for
recurrent disasters and anticipation of aid, my analysis moves beyond partial-equilibrium
welfare comparisons to evaluate how the design of government aid shapes private disaster
insurance coverage and housing-market outcomes. Empirical studies document that gov-
ernment aid can influence private insurance and housing market behavior (Raschky et al.
2013; Kousky, Michel-Kerjan, et al. 2018).2 Hence, accounting for these interactions is
essential when quantifying welfare effects. Other studies, apart from Aron-Dine (2025),
have not included mortgage default or government aid in frameworks with natural dis-
asters. Abstracting from default, recent work examines government aid in post-disaster
rebuilding (Gregory 2017; Fu and Gregory 2019), residential sorting (Henkel et al. 2022),
or adaptation incentives (Fried 2022; Hsiao 2023; Rickard 2025), while Van Der Straten
(2023) incorporates mortgage default but omits government aid.3 This paper extends the
literature by explicitly modeling the joint role of government aid and mortgage default as
interacting insurance mechanisms.

Second, the paper relates to empirical research on the immediate impact of natural
disasters on mortgage performance and household finance (Gallagher and Hartley 2017;
Issler et al. 2019; Calabrese et al. 2024; Biswas et al. 2023)).4 While most studies find
modest or transitory effects, these average estimates mask heterogeneity: vulnerable house-
holds, those with low pre-disaster credit scores or incomes, are disproportionately affected
(Billings et al. (2022)). The crucial role of insurance and government aid in mitigating
losses is also well documented (Gallagher and Hartley 2017; Kousky, Palim, et al. 2020).5

2Related work quantifies frictions in insurance uptake and welfare effects of proposed reforms in natural
disaster insurance markets (Wagner 2022). In addition, Ospital (2025) and Ostriker and Russo (2024)
focus in the effect of government regulation and hazard exposure of households.

3More broadly related are papers on adaptation to climate change (Bilal and Känzig 2024; Bilal and
Rossi-Hansberg 2023), pricing of climate risk in the housing market ((Bakkensen and Barrage 2022; Goure-
vitch et al. 2023)). Another related strand investigates the design of government insurance in the presence
of correlated regional risks (Charpentier and Le Maux 2014; Hassan et al. 2022) and debates welfare
concepts for evaluating government aid (Jaffee and Russell 2013).

4More broadly, the paper relates to empirical research on the macroeconomic effects of natural disasters,
such as Eickmeier et al. (2024), and the role of government aid for regional recovery (Fernández-Gallardo
and Pappa 2026).

5The paper also relates to empirical research on household exposure to natural-disaster risk. To il-
lustrate, papers study who is exposed to such risks (Qin and Voorheis 2026), who returns after natural
disasters (Paxson and Rouse 2008), who selects into insurance (Bradt et al. 2021), and how homeowner
insurance premiums evolve (Keys and Mulder 2024).
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This paper contributes by providing a general-equilibrium assessment of ex-post govern-
ment aid and by empirically analyzing household financial responses to multiple disaster
types across the entire United States over the past two decades, rather than focusing on
single events.

Lastly, the paper builds on the literature on incomplete markets with mortgage default
and foreclosures (Campbell and Cocco 2015; Chatterjee and Eyigungor 2015; Corbae and
Quintin 2015; Mitman 2016; Kaplan, Mitman, et al. 2020; Herkenhoff and Ohanian 2019).
It is the first to introduce natural disasters and government aid in such a setting while
explicitly modeling delinquencies. Drawing on this literature, the model endogenizes mort-
gage pricing, allowing government interventions to affect homeowners’ financing conditions
by altering default risk.

The paper is organized as follows. In Section 1.2, I provide empirical evidence on the
role of mortgage default after natural disasters. Section 1.3 presents a simple model to
analyze how mortgage default interacts with private disaster insurance and government
aid. In Section 1.4, I develop the full quantitative model. I describe the calibration
strategy and validate the model using empirical estimates in Section 1.5. Building on
this framework, I evaluate a set of policy counterfactuals and assess their implications
for household welfare in Section 1.6. The final Section 1.7 concludes, and an Appendix
follows.

1.2 Role of Mortgage Defaults after Natural Disasters

In this section, I provide empirical evidence on mortgage performance after natural disas-
ters in the United States from 2000 to 2020. I document a temporary rise in delinquencies
after natural disasters that is not matched by a rise in foreclosures. This holds true es-
pecially for large disasters that triggered federal disaster aid and foreclosure moratoria.
These results motivate the explicit modeling of a delinquency period and highlight the
implicit insurance provided by mortgage default.

I use the Spatial Hazard Events and Losses Database for the US (SHELDUS), which
provides estimated monthly county-level USD in damages caused by a wide range of natu-
ral disasters, including geophysical and hydrological perils. The Fannie Mae Single-Family
Mortgage Performance Dataset provides monthly mortgage-level performance data since
2000, including information on the properties’ Metropolitan Statistical Area (MSA) of
location. The final sample is a month-MSA-state panel spanning 2000 to 2020, includ-
ing around 100,000 observations and 409 different MSAs. To construct delinquency and
foreclosure measures Delinquencymst and Foreclosuremst, I aggregate monthly loan-level
data to the MSA-state level.

Delinquencymst+h = value of delinquent mortgages in MSA m and state s at time t+ h

total value of mortgages in m and state s at time t− 1

Foreclosuremst+h = value of properties foreclosed in m and state s at time t+ h

total value of mortgages in m and state s at time t− 1

To examine size-dependent responses, I group natural disasters by realized USD per capita
damage, defining disasters as small (S) if per capita damage is below the 75th percentile
and large (L) if per capita damage exceeds this threshold. I define the dummy variable
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Di
ms,t to equal one if, in MSA m and state s at time t, a disaster of size i ∈ {S,L} occurred.

Then, I estimate impulse response functions by running local projections as proposed by
Jordà (2005):

∆hYms,t+h = βShD
S
ms,t + βMh D

M
ms,t + βLhD

L
ms,t + γhXms,t + αhms + αht + εms,t+h (1.1)

with ∆hYmst+h = Ymst+h−Ymst−1 and Ymst+h ∈ {Delinquencymst+h, Foreclosuremst+h}.
Xms,t represents time-varying, region-specific controls.6 Conditional on the location and
common time trends, the timing of disaster realizations provides a plausibly exogenous
source of variation. Therefore, I include region-fixed effects (αm) to account for region-
specific exposure to natural disasters and MSA-specific regulations for disaster mitigation.
Additionally, sorting of households into disaster-prone areas and differences in industry
structure might be correlated with damages and financial performances, but should be
covered by the fixed effects. Time fixed effects account for aggregate movements in house
prices and the increase in delinquencies during the Great Financial Crisis.

Figure 1.1: Mortgage Default after Natural Disasters

(A) Delinquencies (in ppt) (B) Foreclosures (in ppt)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the MSA level.
Regression includes time and MSA fixed effects. Small damages are non-zero values below the 75th
percentile; large damages are above the 75th percentile. The regression is estimated without region-
specific controls. Figure 1A.19 plots impulse response functions for the estimated regressions, including
region-specific controls.

Figure 1.1 depicts the impulse response functions of mortgage delinquencies and fore-
closure rates following a natural disaster. Notably, households do not exhibit a discernible
response to small disasters on average, but delinquencies surge after large disasters. How-
ever, this effect is transient. For large disasters, there is even a negative, but insignificant,
impact on delinquencies after one year. In contrast, foreclosure rates exhibit a delayed re-
sponse, increasing within the first 15 months following small disasters, but not after large
disasters. Hence, for large-scale natural disasters, the rise in delinquencies is not matched

6At the MSA level, the controls comprise personal income per capita, the employment rate, the median
debt-to-income ratio, and the median loan-to-value ratio at origination.
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with a proportional rise in foreclosures. This pattern is consistent with mortgage holders
becoming performing after one year, and the temporary suspension of mortgage payments
may function as a form of quasi-insurance against sudden expenditure shocks. This high-
lights the critical importance of incorporating delinquencies into the model to accurately
capture the observed patterns in mortgage performance after natural disasters.

1.3 A Simple Model

Having shown that households respond to natural disasters with increased mortgage de-
fault, I develop a tractable framework to assess how the option to default creates scope
for government intervention. In this section, I develop a tractable static model in which
an agent chooses insurance coverage and retains the option to default following a natural
disaster. The availability of default reduces the value of private insurance: without this
option, the second welfare theorem holds, and there is no room for government aid. With
default, however, the theorem fails, a commitment problem arises, and policy intervention
can be optimal for certain parameter values, even in the absence of an explicit insurance
wedge.

Model environment The agent lives for one period and receives an endowment y. He
derives utility from consuming a non-durable good c. Within this period, the agent faces a
sequence of decisions. At the beginning of life, he purchases a house of size h at price phh,
financed by a mortgage m, priced at q. After purchasing the house, he chooses proportional
insurance coverage ι ∈ [0, 1] at the unit price pι. With probability πδ, a natural disaster
occurs and destroys a fraction δ of the house value. After the disaster is realized, the
agent decides whether to stay or to default. If he stays, he sells the house and repays
the mortgage at the end of the period. If he defaults, he becomes a renter: he incurs a
utility cost log(κ), pays rent prhr, and avoids both repayment of the mortgage and the
house sale. Insurance claims are paid only conditionally on rebuilding. Independent of the
disaster realization, homeowners pay a proportional maintenance cost ξ. Since mortgages
are priced at zero expected profit, q reflects the endogenous default risk. The government
can intervene by imposing an income tax, τ , to finance government aid covering a fraction,
τδ, of the rebuilding investment.

Removing default First, I eliminate the default option and show that with efficient
insurance markets, government intervention is not warranted. Without default, mortgages
are risk-free and, thus, q = 1. As agents cannot default, the outside option of renting is
no longer relevant. The agent maximizes utility by optimally choosing insurance coverage
ι:

max
ι

(1− πδ) log(cB) + πδ log(cND)

s.t. cB = (1− τ)y − pιιphδh− ξphh
cND = (1− τ)y + (1− pι)ιphδh− (1− τδ)phδh− ξphh,

(1.2)

where cB denotes consumption in the absence of a natural disaster and cND denotes
consumption following a disaster event.
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Proposition 1: Without default, agents choose insurance coverage to maximize (1.2).

(i) Without government intervention, agents buy full insurance ι = 1 for actuarially
fair insurance prices (pι = πδ). If there exists a positive insurance wedge (pι > πδ),
agents underinsure ι < 1.

(ii) Under actuarially fair insurance (pι = πδ), government aid crowds out private in-
surance one-to-one, ι = (1− τδ), and welfare remains unchanged.

Proof: See Appendix 1B.1.

Role of default With the default option, government intervention may improve welfare
for a range of default costs. Allowing default makes mortgages risky: the mortgage price
q depends on the probability of default in the disaster state, which in turn depends on
insurance coverage. Households anticipate default when choosing insurance, but do not
internalize its effect on the mortgage price q. The optimization problem extends to

max
ι

(1− πδ) log(cB) + πδ max
{

log(cND), log(cD)− log(κ)
}

s.t. cB = (1− τ)y − (1− q)m− pιιphδh− phξh
cND = (1− τ)y − (1− q)m+ (1− pι)ιphδh− ph(ξ + (1− τδ)δ)h
cD = (1− τ)y − phh+ qm− prhr − pιιphδh,

(1.3)

where cD denotes consumption under default. To focus on the role of the default option,
I assume that insurance markets are efficient, so insurance prices are actuarially fair.

Proposition 2: With default, agents choose insurance coverage to maximize (1.3).

(i) Conditional on default costs κ and without government intervention τδ = 0, agents
choose corner solutions of insurance coverage and mortgage prices respond accord-
ingly

ι =

0 if κ < κ̄(0)
1 else

and q =

1− πδ if κ < κ̄(0)
1 else

(ii) Providing government aid of size τδ can improve welfare if κ ∈ (max{κ, κ̄(τδ)}, κ̄(0)).

Proof: See Appendix 1B.2 for the proof and the definition of the threshold values on κ.

The intuition behind Propositions 2.i and 2.ii can be summarized as follows. If default
costs are sufficiently low (κ < κ̄(0)), households may optimally choose to remain uninsured
and default in the event of a disaster. In this case, default is not optimal under full insur-
ance, but it is ex ante optimal to forgo insurance altogether. Anticipating this behavior,
lenders reduce mortgage prices, resulting in higher financing costs (q < 1). By contrast,
when default costs are sufficiently high (κ > κ̄(0)), the default option is unattractive, and
households optimally purchase full insurance, restoring first-best outcomes.

In this environment, government intervention can eliminate default by taxing house-
holds and providing government aid, which in this simple setting is equivalent to manda-
tory insurance. Government aid then acts as a commitment device, restoring favorable
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financing conditions (q = 1). Such an intervention of size τδ improves welfare whenever
default is sufficiently costly, and the aid is large enough to render default unattractive.
Figure 1.2 summarizes these results.

Figure 1.2: Default costs and government aid
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Note: The figure shows default regions as a function of default costs κ, government aid τδ, and insurance
coverage ι. Along the x-axis, government aid shifts the default threshold: ∀τδ, ∃κ̄(τδ) such that agents are
indifferent between default and no default. For very high (low) costs κ̄(0) (κ0), default is unaffected by
aid. The hatched area marks the parameter space of κ and τδ where aid can be welfare-improving.

If default costs are very low (κ < κ0), government intervention is ineffective, as house-
holds always default regardless of aid. If default costs are very high (κ > κ̄(0)), households
never default, even without insurance, and any aid simply crowds out private coverage.

The interesting case arises in the intermediate range κ ∈ (κ0, κ̄(0)). In this region, each
level of government aid τδ defines a threshold value κ̄(τδ). For default costs above this
threshold, households avoid default in the disaster state and purchase optimal insurance,
replicating the no-default benchmark (violet area in Figure 1.2). For costs below the
threshold, households anticipate default and choose zero coverage (light blue area in Figure
1.2). This default threshold is decreasing in the size of government aid provided, as ∂κ̄(τδ)

∂τδ
<

0. Intuitively, a higher conditional transfer by the government reduces the incentive to
default as lower default costs are required to make default attractive. By defaulting, the
household loses access to the government aid to which it would otherwise have contributed
independently of the default. For utility costs below this threshold, government aid is too
small to shift households’ default incentives.

The welfare effects of government aid depend jointly on default costs and the size of
the intervention. When default costs are very low (κ < κ0), default is unavoidable, and
aid is ineffective. When costs are very high (κ > κ̄(0)), households insure fully without
default, so aid simply crowds out private coverage. In the intermediate range κ ∈ (κ, κ̄(0)),
aid can improve welfare—but only if large enough to shift incentives above κ̄(τδ). Given
the one-to-one crowding out, the size of government aid τδ only matters for making the
default option dominated by rebuilding, but does not affect the consumption under the
staying in the house post natural disaster scenario.

While the simple model clarifies the core mechanism that government aid can enhance
welfare by mitigating default risk, it abstracts from key features needed for quantitative
assessment. In practice, aid is federally financed, generating cross-regional and renter-
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to-homeowner transfers. Households are heterogeneous and face incomplete markets, so
insurance values differ across income and wealth levels. A heterogeneous-agent framework
is therefore essential to capture welfare distributional effects, not just aggregate outcomes.
Moreover, private insurance is priced above actuarially fair levels, creating an insurance
wedge critical for matching observed take-up. Finally, delinquencies, foreclosure moratoria,
and recourse regulations jointly shape how mortgage default operates as implicit insurance.
To incorporate these elements, I next develop a quantitative two-region heterogeneous-
agent model.

1.4 Quantitative Model

Time is discrete, and the economy is populated by a continuum of measure-one households.
There are two regions that differ in their exposure to natural disasters. Agents face
two sources of idiosyncratic risk: a persistent labor productivity shock and a natural
disaster shock that destroys housing capital, temporarily disrupts housing services, and
requires rebuilding.7 Each region comprises a perfectly competitive final-goods producer,
a financial intermediary, a rental agency, and a construction company. Labor is perfectly
mobile across sectors within a region, but immobile across regions.8 The government
balances its budget across regions, financing government aid and transfers through labor
income taxes.

The model features incomplete markets and housing as in Kaplan, Mitman, et al.
(2020) and extends this framework along several key dimensions. First, I include natural
disaster shocks and ex-post government aid. These shocks differ from standard idiosyn-
cratic house price shocks, as they simultaneously affect household wealth, expenditure,
and the flow of utility from housing services. Second, I account for regional heterogene-
ity in disaster exposure to analyze cross-regional redistribution through government aid.
Third, I add a private insurance firm to capture the availability of market-based coverage
as an alternative to government aid. Fourth, I explicitly model delinquency as a tem-
porary suspension of mortgage payments without immediate foreclosure. This feature is
necessary to replicate empirically observed patterns of rising delinquencies alongside sta-
ble foreclosure rates following natural disasters and to analyze the effects of foreclosure
moratoria. Lastly, I incorporate housing market frictions by limiting the probability of a

7In this analysis, I focus on the direct impact of natural disasters on homeowners and abstract from labor
market effects. This approach allows me to remain agnostic about potential changes in labor demand, which
could operate in either direction—rising with rebuilding needs or falling due to production disruptions.

8A limitation of the no-mobility assumption is that it abstracts from endogenous sorting across risk
regions. If households in high-risk areas respond to policy changes by migrating to low-risk areas, the
welfare costs of removing aid could be partially offset by relocation. However, as the whole U.S. is parti-
tioned into two regions, those regions are sufficiently large to make this assumption less strict. In addition,
empirical studies document some mobility responses after natural disasters, though these are often not
directed toward safer regions (Wang 2024) or are concentrated among renters (Millock 2025). Government
aid may also shape migration: Wang (2024) finds that recipients of financial aid are more likely to move,
albeit not systematically, to safer areas. At the same time, the anticipation of aid can create moral hazard.
To keep the analysis tractable, I abstract from mobility. The model still captures moral hazard through
the potential overconsumption of housing in risky regions. When interpreting the welfare results, it is
important to note that excluding mobility likely overstates the welfare gains from government aid. For
evidence on how government aid affects rebuilding choices, see Gregory (2017).
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successful home sale. This mechanism generates mortgage defaults even in the absence of
natural disasters, without requiring additional shocks.

1.4.1 Households

Households are born in region k and cannot move between regions. Every period, agents
face a constant probability of death 1 − πS . Simultaneously, a mass of new agents equal
to 1 − πS enters the economy as renters, thus maintaining a constant total population.
Previously occupied houses of deceased agents re-enter the housing market. In every
period, a natural disaster shock realizes and destroys a constant share of the housing
capital δ. Aggregate destruction is constant each period; thus, there is no aggregate risk.9

The probability of being affected by a natural disaster differs across regions. Individual
damages δ of a homeowner living in region k are defined as

δ =


δlow with probability πlow,k
δhigh with probability πhigh,k

0 with probability 1− πlow,k − πhigh,k

In the following, I drop the subscript k for readability. I will reintroduce k when specifying
the government budget constraint.

Preferences Households derive utility from non-durable consumption c and housing ser-
vices s in every period t. The expected lifetime utility of a household is represented by

E0

∞∑
t=0

[πSβ]t u(ct, st), (1.4)

where β is the discount factor and πS the survival probability. The agent’s period utility
function is defined as follows

u(c, s) =
(
cαs1−α)1−σ

1− σ ,

where α represents the preference weight on non-durable consumption relative to housing
services, and 1/σ gives the intertemporal elasticity of substitution.

Income Households supply inelastically one unit of labor and face idiosyncratic, persis-
tent shocks to labor productivity z which follows an AR(1) process log(z′) = ρz log(z)+ε′z.
Agents earn a wage rate w per efficiency unit of supplied labor. Newborn agents draw
initial liquid wealth from an income-specific distribution of initial assets Binitial,

Housing Households choose their housing ownership status O. In particular, they decide
to either rent (O = rent) or own (O = own) a house, and choose a house size from the
corresponding discrete set of rental houses HR = {h1

R, ..., h
NR
R } or owner-occupied houses

HO = {h1
O, ..., h

NO
O }. Renters pay a unit price of rent pr and owners purchase housing

units at price ph. Every period, the housing stock depreciates at a rate ζ independent of

9The regions represent 75 percent and 25 percent of the U.S. economy. At this scale, the macroeconomic
effect of a natural disaster is negligible: between 2004 and 2018, the average U.S. landfalling hurricane
caused damages of less than 0.1% of GDP (Fried 2022).
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natural disaster realizations, and homeowners pay a maintenance cost phζh to offset this
depreciation. The owner-occupied housing market is frictional. First, owners can sell their
house only with probability πH .10 Likewise, prospective home buyers can successfully find
a suitable home only with a probability of πH . Second, housing is illiquid due to transaction
costs εph associated with selling the house. Housing services s enter the utility function
and are proportional to the house size h, but depend on home tenure T and the realization
of the natural disaster shock δ:

s =

ψh(1− δ)h if O = own

h if O = rent,
(1.5)

where the parameter ψh > 1 represents a utility gain from homeownership. Rebuilding
after a natural disaster takes time. Hence, the damages caused by the natural disaster re-
duce contemporaneous utility flow from housing services for homeowners. Renters do not
experience reduced utility flows from housing services after natural disasters.11 However,
renters are indirectly affected by exposure to disasters as the expected rebuilding expenses
of the rental agency increase the rental price (see Equation 1.20). I assume that, if hit by
a natural disaster, homeowners are forced to restore the initial conditions of the house by
investing phδh in the same period. Homeowners receive rebuilding grants that reimburse
uninsured damages up to a maximum grant τ̄δ (for more details see Section 1.4.6). Con-
sequently, a natural disaster can be viewed as both an expenditure shock and a negative
impact on the utility derived from homeownership. Additionally, a natural disaster is a
shock to housing wealth, potentially leaving households with negative home equity if the
outstanding mortgage balance exceeds the house’s remaining value. Thus, when making
housing choices, agents trade off the utility gains from homeownership, the illiquidity of
housing, and the direct exposure to natural disaster shocks.

Portfolio choice Agents can hold one-period bonds b and choose next period’s bonds
b′ subject to a borrowing constraint b′ ≥ bmin. Households can finance the purchase of
a house with a multi-period mortgage m, subject to a collateral constraint m ≤ λphh at
issuance. Mortgages are modeled as infinitely running contracts with decaying payments
µm, where the mortgage evolves according to m′ = (1 + rm − µ)m.12 The per-period
mortgage payment µm does not depend on idiosyncratic borrower characteristics. Instead,
the mortgage pricing function is borrower-specific: at issuance, the household receives a
total amount of q(b′, h,m, z, k,M)m and makes the first mortgage payment in the following
period. The full mortgage pricing function is stated in Equation 1.13.

The present value of future mortgage payments is then (1 + rm)m, and agents own

10I incorporate this friction since above-water defaults and foreclosures are often driven by housing
market frictions (Ganong and Noel 2023). Accounting for this mechanism allows the model to better
match the average delinquency rate observed in the data.

11Agents can move between rental units without incurring moving costs. Therefore, if they experienced
disutility from living in a damaged rental unit, they would simply relocate to an intact one. As a result,
it is equivalent to assuming that renters face no utility loss from disasters, while a constant share of rental
units is destroyed by the natural disaster.

12The assumption, similar to that in Chatterjee and Eyigungor (2009), Herkenhoff and Ohanian (2019),
and Luzzetti and Neumuller (2012), preserves tractability by ensuring that mortgage maturity does not
enter the state space.
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home equity e = ph(1 − δ)h − (1 + rm)m.13 Despite the loan-to-value limit, mortgage
holders can end up with negative home equity following a natural disaster.

Delinquency and foreclosure A homeowner with a mortgage m can choose either
to make or to miss the mortgage payment µm. Missed mortgage payments alter the
outstanding mortgage balance, with m′ = (1 + rm)m. Conditional on having missed
a mortgage payment, the mortgage remains delinquent with probability πD(δ,M) or is
foreclosed with probability 1−πD(δ,M) within the same period. M is a policy parameter
that indicates whether a foreclosure moratorium is imposed. This moratorium limits the
bank’s ability to foreclose on households affected by natural disasters, thereby increasing
the likelihood of delinquency. Details on this moratorium are provided in Section 1.4.6.
Both delinquency and foreclosure are associated with social stigma, which I model as a
utility cost κ incurred by households in either state.

A previously delinquent homeowner can become performing again in the next period.
In the event of foreclosure, the bank sells the house to recover the outstanding mort-
gage. A foreclosed homeowner becomes a renter and is excluded from both the mortgage
market and the owner-occupied housing market as long as a foreclosure flag remains on
her credit record. The bank can recover only (1 − εF )ph(1 − δ)h of the collateral due
to an inefficient foreclosure technology εF . Home equity after foreclosure is defined as
ẽ(h,m, δ) = (1 − εF )ph(1 − δ)h − (1 + rm)m. If the recovered collateral is insufficient to
cover the mortgage (ẽ(h,m, δ) < 0), mortgage holders remain liable for the outstanding
balance with probability πR.14 Figure 1.3 summarizes the different within-period outcomes
after having missed a mortgage payment.

Figure 1.3: Consequences of Mortgage Default

Miss payment No recourse

Recourse

1− πR

πR

πD(δ,M)

1− πD(δ,M)

Delinquency

Foreclosure

Note: This figure summarizes the potential end of period outcomes for a homeowner who decides to miss
the mortgage payments at the beginning of a period. Both πD(δ,M) and πR are exogenous probabilities
where the moratorium indicator M is a policy choice and δ is the natural disaster shock.

Under recourse, the bank can seize liquid assets above the exemption limit bexemp and
garnish a share ω(b, ẽ(h,m, δ), z) of the households’ labor income to recover the outstand-
ing mortgage amount in expectation.15

The amount of negative home equity after foreclosure, ẽ(h,m, δ), liquid assets that

13In the first period, no payment is made, so at time 1 the outstanding balance is m1 = (1 + rm)m.
From period t ≥ 1, a share µ of the current outstanding principal is paid. The present value (PV) of the
stream of discounted payments is PV = µm

∑∞
t=0

( 1+rm−µ
1+rm

)t = (1 + rm)m.
14The parameter πR can be interpreted as the strictness of the recourse regime. A value of πR = 0

means that households are not liable for any outstanding mortgage payments after a foreclosure. A value
of πR = 1 corresponds to full recourse, meaning all outstanding mortgage debt must be repaid.

15Liquid assets after foreclosure are then defined as bF = max{b+ ẽ(h,m, δ),min{bexemp, b}}.
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can be seized, b− bexemp, as well as the expected labor income over the wage garnishment
period, ȳ(z), determine the share of income that is garnished (see Section 1.4.2). For
tractability, households exit the wage garnishment state with a constant probability πP .

Private disaster insurance Homeowners can purchase one-period insurance contracts
that cover realized natural disaster damages up to ι at unit price pι. At the beginning
of each period, after observing their idiosyncratic labor productivity shock, homeowners
choose the optimal insurance contract ι. Regardless of whether a natural disaster occurs,
homeowners pay the insurance premium pιι. In the event of a natural disaster, the in-
surance firm pays a claim equal to min{ι, phδh} within the same period. This allows us
to define the homeowner’s net insurance payments after the disaster, taking into account
rebuilding expenditures as well as public and private disaster insurance payouts:

i(ι, δ) = min{ι, phδh}+ max{0,min{phδh− ι, τ̄δ}} − ιpι. (1.6)

This modeling choice reflects the U.S. disaster aid system, in which individuals are eli-
gible for FEMA grants only for their uninsured damages. Consequently, private disaster
insurance coverage ι directly reduces the amount of financial disaster aid received.

Budget constraints Agents pay tax τ on their labor income wz, choose net savings
(b′−(1+r)b), and pay ownership-specific housing costs depending on house size h, realized
damages δ, and the mortgage amount m. The budget constraints read as follows

c =



(1− τ)wz + (1 + r)b− b′ + i(ι, δ)− µm− ph(δ + ζ)h Owner
(1− τ)wz + (1 + r)b− b′ − prh Renter
(1− τ)wz + (1 + r)b− b′ − prh+ (1− ε)phh− − (1 + rm)m− Renter, previous owner
(1− τ)wz + (1 + r)b− b′ + q(b′, h,m, z, k,M)m− (1 + ζ)phh Buyer, previous renter
(1− τ)wz + (1 + r)b− b′ + q(b′, h,m, z, k,M)m− (1 + ζ)phh Buyer, previous owner
+(1− ε)phh− − (1 + rm)m−

max{y, (1− ω(b, e, z))(1− τ)wz}+ (1 + r)b− b′ − prh Foreclosed owner,

where y is the subsistence level of income that the government ensures via targeted trans-
fer payments to households under wage garnishment, and h−,m− refer to housing and
mortgages in the previous period.

Decision problem of a homeowner Given the vector of state variables (b, h,m) and
the realization of the labor productivity shock z, a homeowner (O = own) chooses con-
temporaneous insurance coverage ι ∈ [0, ῑ] to maximize expected life-time utility

max
ι

EV own(b+ i(ι, δ), h,m, z, δ) (1.7)

The value function of a homeowner V own summarizes two sequential discrete decisions
as summarized in Figure 1.5. After choosing the insurance coverage and observing the



16 Chapter 1. Bailing Out Homeowners

natural disaster, the homeowner decides whether to sell (S = 1) or keep (S = 0) the house.

EV own(b, h,m, z, δ) = max
S∈{0,1}

{
(1− S)

[
EV keep(b, h,m, z, δ) + σSεS(0)

]
+ S

[
EV sell(bS(h,m, δ), h,m, z, δ) + σSεS(1)

]}
,

(1.8)

where bS(h,m, δ) reflects liquid assets after selling the house and repaying the mortgage,
and εS are Type-I extreme value taste shocks with smoothing parameter σS .16 They
smooth choice probabilities for computational tractability and capture unobserved reloca-
tion motives such as changes in family circumstances or job opportunities.

Figure 1.4: Consequences of Mortgage Default
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δ
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Note: This figure summarizes the timing of the main decisions taken by a homeowner within one period.
The decisions and exogenous realizations lead to different end-of-period housing tenure states. Exogenous
income shock z and natural disaster shock δ are realized. µm represents the per-period mortgage payments
conditional on having a mortgage of size m. For simplicity, I abstract from the probability of actually being
able to sell the house, πH .

Figure 1.5: Within-period timing of decisions and exogenous realizations of a homeowner

If the homeowner decides to keep her house (S = 0), she then chooses whether to make

16Liquid assets after selling a house are defined as bS(h,m, δ) = b+ 1
1+r [ph(1− ε)(1− δ)h− (1 + rm)m].



Quantitative Model 17

mortgage payments (D = 0) or to default on her mortgage (D = 1).

EV keep(b, h,m, z, δ) = max
D∈{0,1}

{
(1−D)

[
W own
perf (b(ι, δ), h,m, z, δ) + σDεD(0)

]
+D

[
πD(δ,M)W own

del (b, h,m, z, δ) + (1− πD(δ,M))(
πRW

rent
for (bF , ω(b, e, z), z)

+ (1− πR)W rent
for (b, ω = 0, z)

)
+ σDεD(1)

]}
(1.9)

where bF denotes liquid assets after foreclosure under recourse, and εD are Type-I extreme
value taste shocks with smoothing parameter σD. These taste shocks capture additional
default triggers beyond natural disaster and income shocks, such as health shocks or
divorce.17 Since EV keep(b(ι, δ), h,m, z, δ) is the ex-ante value before the realization of
the taste shock, there is no need to include the realization of the taste shock as a state
variable.18 The household anticipates that, in the event of default, it may either remain
delinquent or face foreclosure. Conditional on foreclosure, the probability of entering
recourse and being liable for the outstanding mortgage debt is included in the expectation.
In the absence of recourse, the household is excluded from the mortgage market and the
owner-occupied house market – as long as the credit flag is removed with exogenous
probability πP – but is not subject to asset seizure bF = b or wage garnishment ω = 0.

If, instead, the homeowner decides to sell the house (S = 1), she finds a suitable buyer
with probability πH . Upon a successful sale, she can either purchase a new house (R = 0)
or become a renter (R = 1).19 If the agent is unsuccessful in finding a suitable buyer, she
faces the same decision problem as in equation (1.9).

EV sell(b, h,m, z, δ) =(1− πH)EV keep(b, h,m, z, δ)

+ πH max
R∈{0,1}

{
R
[
W rent
perf (bS(h,m, δ), z) + σRεR(1)

]
(1−R)

[
W buy(bS(h,m, δ), z) + σRεR(0)

]}
,

(1.10)

where εR are Type-I extreme value taste shocks with smoothing parameter σR included
for computational tractability. New renters or home buyers choose their house size (and
mortgage size) optimally. For a complete definition of the corresponding value functions
W buy,W rent

perf ,W
rent
for ,W

own
perf , and W own

del , see Appendix 1C.1.

17Only about 40 percent of delinquent borrowers report income loss as the primary reason for delinquency
(Cutts and Merrill 2008), while most defaults arise from so-called ‘double-trigger’ events (Ganong and Noel
2023). In the model, natural disasters are the only shocks that can be interpreted as such an event. Since
these disasters are rare, I introduce additional taste shocks to generate default rates consistent with the
data.

18If a mortgage owner cannot afford to stay delinquent due to rebuilding costs, i.e. she would face a
negative consumption stream, she automatically enters foreclosure. I call this “consensual” foreclosure in
contrast to “involuntary” foreclosures, where homeowners hoped to enter delinquency but ended up being
evicted. For simplicity, I abstract from this feature in the model description.

19The option to buy the same house size with a different mortgage amount implicitly allows for refinanc-
ing of mortgages in the model.
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Decision problem of a renter A renter with a good credit history can either remain in
the rental unit (R = 1) or become a homeowner (R = 0). A renter finds a suitable home
with probability πH . The expected value function can be summarized as

V rent
perf (b, z) = max

R∈{0,1}

{
R
[
W rent
perf (b, z) + σRεR(1)

]
+ (1−R)

[
πHW

buy(b, z) + (1− πH)W rent
perf (b, z) + σRεR(0)

]}
,

where εR are Type-I extreme value taste shocks with smoothing parameter σR, included
for computational tractability.

Decision problem of a foreclosed owner Finally, a renter who was previously a
foreclosed homeowner and currently holds a credit flag exits this state with probability πP
and is no longer excluded from the owner-occupied housing market. Her expected lifetime
utility is defined as

E
[
V rent
for (b, ω, z)

]
= πPW

rent
perf (b, z) + (1− πP )W rent

for (b, ω, z)

Renters choose their housing size every period without frictions. Hence, the current size
of their home is not a state variable. For a detailed exposition of the full decision problem
and the definition of the value functions W own

perf ,W
own
del ,W

rent
for ,W

buy
perf ,W

rent
perf , see Appendix

1C.1.

1.4.2 Financial intermediary

The financial intermediary accepts bonds, issues mortgages, and can borrow or lend abroad
at the exogenously given risk-free interest rate r. Bonds are free of default risk, and com-
petition is perfect; therefore, the intermediary pays the risk-free rate on bonds. Mortgages
are priced to yield zero expected profit on a loan-by-loan basis. Specifically, the intermedi-
ary issues q(b′, h,m, z, k,M),m and receives a stream of decaying payments µm, where the
outstanding balance evolves according to m′ = (1 + rm−µ)m. The intermediary observes
each household’s portfolio choices (b′,m, h), as well as its labor productivity type z and
region k. These factors determine the household’s likelihood of default and, consequently,
the expected return on a mortgage. Although government policy does not enter directly
into the default decision rule, household default behavior depends on disaster aid. As a
result, changes in disaster aid or in recourse regulation indirectly affect mortgage pricing
by affecting default probabilities and the expected return under foreclosure.

To present the mortgage pricing condition, I define a vector of relevant state variables
x = (b, h,m, z, k,M). If the mortgage continues to be performing, D(x′) = 0, the bank
receives mortgage payment µm′ as well as the continuation value of the mortgage q(·)m′.
When the house is sold, S(x′) = 1, the mortgage is paid in full.

If a household suspends mortgage payments, D(x′) = 1, and enters delinquency, the
bank receives the continuation value qdel(·)m′. In the event of foreclosure, the bank can
recover F (x), which represents the value of the underlying collateral after sale, together
with any liquid assets that can be seized and the wages that can be garnished under
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recourse:

F (x) = min {(1 + rm)m, (1− εF )ph(1− δ)h+ πR [max(b− bexemp, 0) + ω(x)ȳ(z)]} ,
(1.11)

where the share of garnished income is defined as follows

ω(x) = max
{

0,min
{
ω̄,− ẽ(h,m, δ) + max{0, b− bexemp}

ȳ(z)

}}
, (1.12)

with a maximum wage garnishment ω̄.20 The intermediary prices mortgages by discount-
ing the expected stream of repayments at the rate rm, resulting in the following pricing
function:

q(x)m =µm+ 1
1 + rm

Eδ′,z′
(
S(x′)πH(1 + rm)m+ [(1− S(x′)) + S(x′)(1− πH)]

·
[
[1−D(x′)]q(x′)m′ +D(x′)

[
πD(δ′,M)qdel(x′)m′ + (1− πD(δ′,M))F (x′)

]])
(1.13)

The present value of a delinquent mortgage qdel is defined accordingly, taking into account
that a delinquent mortgage holder does not make any contemporaneous payments but
might become performing again in the next period.21

1.4.3 Housing

The housing sector builds on Kaplan, Mitman, et al. (2020), incorporating a construction
firm and a rental agency. The construction firm is necessary to allow for policy-driven
variations in housing stock levels across different steady states. Including a rental sector
is crucial as an outside option after foreclosure. Labor is assumed to be perfectly mobile
across sectors within a region. For clarity, regional subscripts are omitted in this section.

Construction Sector

In every region, the construction sector is perfectly competitive and produces new owner-
occupied housing units using labor NH and land L̄ as input factors based on the following
technology

Hnew = [ΘNH ]ξL̄1−ξ (1.15)

20The n-period ahead expectation about labor income conditional on labor productivity zt can be ex-
pressed as follows E[zt+n | zt] = zρ

n

t exp
(
σ2
ε

2
1−ρ2n

1−ρ2

)
. Hence, the expected income over the wage garnishment

period is defined as ȳ (zt) =
∑∞

n=0(1− πP )nzρ
n

t exp
(
σ2
ε

2
1−ρ2n

1−ρ2

)
.

21The present value of a delinquent mortgage is defined as follows

qdel(x)m = 1
1 + rm

E
(
S(x′)πH(1 + rm)m+ [(1− S(x′)) + S(x′)(1− πH)]

·
[

[1−D(x′)]q(x′)m′ +D(x′)
[
πD(δ′,M)qdel(x′)m′ + (1− πD(δ′,M))F (x′)

])
.

(1.14)
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where Θ represents labor productivity. As production takes time, housing units become
available in the next period. Land has a fixed supply each period, and the government
sells the right to use land at a competitive price qL such that the construction sector makes
zero profit in equilibrium. The construction firm solves the following problem

max
NH

ph[ΘNH ]ξL̄1−ξ − wNH − qLL̄ (1.16)

Under perfect competition and free entry, the first order condition holds in equilibrium
w = phξΘξL̄1−ξN ξ−1

H . Accordingly, labor demand in the construction sector, NH , and the
total units constructed, Hnew, are defined as follows:

NH =
(

w

ξphΘξ

) 1
ξ−1

L̄ and Hnew =
(
w

ξph

) ξ
ξ−1

Θ
ξ

1−ξ L̄ (1.17)

Finally, free entry determines the price for the building permits that is paid to the gov-
ernment:

qL = (wΘ)
ξ
ξ−1 p

1
1−ξ
h

[
ξ

ξ
1−ξ − ξ

1
1−ξ

]
(1.18)

Rental Sector

In both regions, a competitive rental agency owns housing units HR and trades units
on the housing market at price ph to rent them to households at rental price pr. The
rental agency faces per-period operating costs of qR per unit rented, and undertakes per-
unit maintenance investment to offset depreciation of the rental housing stock at the
constant rate ζ. A natural disaster destroys a fraction ∑

i∈S,L πiδi of the beginning-of-
period housing stock HR. The rental agency chooses next period’s housing stock, H ′R,
by purchasing H ′R − (1−∑i∈S,L πiδi)HR. The optimization problem can be expressed in
recursive form:

R(HR) = max
H′R

(pr − qR − phζ)H ′R − ph

H ′R −
1−

∑
i∈S,L

πiδi

HR

+ 1
1 + r

R(H ′R)

(1.19)

Solving for the optimal investment into the rental housing stock yields a no-arbitrage
condition that links the equilibrium rental rate to the rental agency’s operating costs,
depreciation from natural disasters, and current and future house prices. In a stationary
equilibrium, house prices are unchanged, and the following no-arbitrage condition must
hold:

= qR +
[
(1 + ζ)−

1−∑i∈S,L πiδi

1 + r

]
ph. (1.20)

1.4.4 Final-Good Sector

In each region, a perfectly competitive final-good producer operates a constant returns to
scale technology YC = ΘCNC and uses labor NC as the only input at cost w to produce
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non-durable consumption goods. The final-good producer maximizes profit as follows

max
NC

ΘCNC − wNC .

1.4.5 Private insurance firm

A perfectly competitive private insurance company offers households one-period contracts
at the unit price pι(ι). In expectation, the insurer earns zero profit on each contract. For
every unit of coverage sold, the insurance company incurs intermediation costs qι, such
as administrative fees and operating expenses. Imposing the zero-profit condition, the
marginal price of an additional unit of insurance depends on the unit price pι(ι) as well
as the region-specific probability of small disasters πS,k and large disasters πL,k:

p′ι(ι) =


(1 + qι)(πS,k + πL,k) for ι ≤ phδsmallh
(1 + qι)πL,k for phδsmallh < ι ≤ phδlargeh

0 else.

(1.21)

Then, the total price of insurance coverage i can be expressed in the step-wise linear
function

pι(ι) =


(1 + qι)(πS,k + πL,k)ι for ι ≤ phδsmallh
(1 + qι)[(πS,k + πL,k)δsmallphh+ πL,k(ι− δsmall)] for phδsmallh < ι ≤ phδlargeh

(1 + qι)[(πS,k + πL,k)δsmallphh+ πL,k(δlarge − δsmall)] else.
(1.22)

1.4.6 Government

The government runs a balanced budget. It levies a labor income tax τ , collects revenue
from selling land permits qL, provides rebuilding grants that reimburse uninsured damages
up to a maximum grant τ̄δ, and redistributes the remaining amount plus the home equity
of deceased agents via a lump-sum transfer Γk. Moreover, the government provides welfare
payments to guarantee a minimum income level of y. Revenue from land permit sales is
used locally, while disaster aid is financed jointly by both regions. Following a natural
disaster, the government supports affected homeowners by providing financial aid up to
τ̄δ. Hence, region-specific lump-sum transfers Γk in region k are defined as follows:

Γk = ΓG︸︷︷︸
lump-sum transfer to all HHs

+ qL(k)L̄(k)︸ ︷︷ ︸
regional revenue from land permits

+
∫
ηi,kdi︸ ︷︷ ︸

home equity of deceased agents

(1.23)
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with

ΓG =
∑
k

πk

∫
τwzi,kdi︸ ︷︷ ︸

labor income tax

−
∑
k

πk

∫
min{τ̄δδi,k, phδi,khi,k − ι}di︸ ︷︷ ︸

damage-dependent grants

−
∑
k

πk

∫
max{0, y − (1− ωi,k)(1− τ)wzi,k}di︸ ︷︷ ︸

welfare payments

(1.24)

where πk represents the location-specific population mass with ∑k πk = 1.

Government aid has a second margin: the government imposes a foreclosure morato-
rium (M = 1), during which the mortgages of affected homeowners are protected from
foreclosure. Hence, the probability that a mortgage remains delinquent depends on both
whether the household was affected by a natural disaster (δ > 0) and whether a foreclosure
moratorium is in effect (M = 1):

πD(δ,M) =

1− πFπM if δ > 0 and M = 1
1− πF else

(1.25)

where πM reflects the length of the foreclosure moratorium. An additional policy tool is
the strictness of the recourse regime πR.

1.4.7 Equilibrium

Agents take the risk-free interest rate r and wages w as a given. A stationary equilibrium
consists of house pricing functions ph and pr that clear housing markets and ensure the
rental agency makes zero profit. Households maximize utility given prices. The equilibrium
is a fixed point in pricing schedules for mortgages, such that given prices, households
maximize, and given optimal default behavior of households, intermediaries make zero
profit in expectation. Insurance contracts are priced to cover expected payouts, while
firms in construction and production maximize profits. Labor and goods markets clear,
and government policies and transfers adjust to balance the budget. The formal definition
of equilibrium is given in Appendix 1C.2.

1.5 Calibration and Computation

The model is calibrated to the United States from 2000 to 2020, with each model period
representing half a year. The primary objective is to match aggregate statistics of the U.S.
housing market and to capture default behavior following natural disasters, accounting for
the institutional framework specific to the U.S. context.

1.5.1 Computation

I follow Druedahl (2021) and solve the household problem using the nested endogenous
grid method with upper envelope (NEGM) adapted for multiple continuous and dis-
crete choices. A key computational improvement comes from separating the consump-
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tion–savings decision from other choices, allowing pre-computation of continuation values.
I do not treat insurance coverage as a state variable; instead, the optimal coverage is de-
termined by interpolating the value function of a homeowner V own with respect to liquid
assets b(ι). I solve the consumption–savings problem for owners, renters, and foreclosed
owners, while the buyer problem reduces to a two-dimensional choice over housing and
mortgage, conditional on the owner solution. Detailed grids and solution methods are
provided in Appendix 1D.

1.5.2 External calibration

Table 1E.7 summarizes all externally calibrated parameters.

Demographics A period length is set to half a year. Households die with a constant
probability 1− πS = 0.01. This implies an average length of working life of 50 years.

Preferences Individuals discount future utility flows by β = 0.98. I assume constant
relative risk aversion with an intertemporal elasticity of 1/2 (σ = 2). Following Mitman
(2016), I set the Cobb-Douglas parameter α = 0.859 to match a 14.1 percent share of
housing in total consumption.

Income Following Kaplan, Mitman, et al. (2020), I assume a persistence of labor pro-
ductivity ρz = 0.97 and a standard deviation of shocks to labor income σz = 0.2. I ap-
proximate the income process by a three-state Markov process. Median labor productivity
is normalized to one. Newborn agents draw from an initial asset distribution disciplined
by data from the Survey of Consumer Finances (2019) to match the correlation between
liquid asset holdings and income (see Appendix 1E.1 for details).

Housing To define a housing grid, I categorize rental and owner-occupied housing sep-
arately in the AHS, grouping them into four size categories. For each group, I calculate
the median home market value. Rental unit values are imputed based on owner-occupied
homes of the same size. Drawing on housing choices observed in the 2021 American
Housing Survey (AHS) (see Figure 1E.20), I assume the housing market is imperfectly
segmented, leading to distinct grids for owner-occupied and rental units. The number
of grid points and their spacing are determined based on AHS data, while the minimum
rental house size, hmin, is internally calibrated. Transaction costs for selling a house, ε,
are set at 7% of the house’s value (Kaplan, Mitman, et al. 2020), and housing mainte-
nance costs, ζ, which include depreciation and taxes, are set at 1.5% (Kaplan, Mitman,
et al. 2020). To calibrate the probability of successfully selling a house, I use the Median
Number of Months on Sales Market for Newly Completed Homes reported by the U.S.
Census Bureau. Excluding the U.S. housing crisis, the average time-to-sell between 2000
and 2020 is estimated at 3.8 months. Assuming a constant monthly sale probability, this
implies a 64% probability of selling a house within one period.

Production As in Kaplan, Mitman, et al. (2020), the construction technology parameter
ξ is set to 0.6, implying a price elasticity of housing supply of 1.5, which is the median
value across MSAs estimated by Saiz (2010). I normalize labor productivity to one (ΘH =
ΘC = 1).
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Financial Instruments and Regulation Agents are restricted to holding non-negative
liquid assets, i.e., agents cannot borrow b = 0. The annual risk-free rate r is set at the
average Fed funds rate over the model period (1.78 percent). Following Mitman (2016),
I set the proportional interest rate wedge rm

r − 1 to 0.33. Mortgage holders can select a
loan-to-value (LTV) ratio below the LTV limit of 0.8 (Berger et al. 2018), and repay a
constant 5 percent of their outstanding mortgage balance annually (µ = 0.025) .

The probability of a non-performing mortgage being foreclosed depends on the oc-
currence of a disaster and is externally calibrated based on loan-level data from Fannie
Mae (πF = 0.015). Consistent with Mitman (2016), I set the foreclosure loss parameter,
εF , to 0.22 reflecting the additional loss incurred in a foreclosure. In the event of per-
sonal bankruptcy, federal law protects certain amounts of cash and other property. Under
Federal Wildcard Exemptions, individuals can shield up to USD 1,825 in cash, plus any
unused homestead exemption of up to USD 13,950. Consequently, I define the amount
of exempt assets relative to median income as bexemp = 0.46. According to the Federal
Wage Garnishment Law, up to 15 percent of labor income can be garnished. Similar to
the 5-year repayment period under Chapter 13 bankruptcy, agents remain in the wage
garnishment state for an average of 5 years, implying a transition probability of πP = 0.1.

Natural disasters The model consists of two types of regions (Nk = 2) that differ in
disaster exposure: low exposure regions and high exposure regions. To identify average
risk exposure for each region type, I group U.S. counties by Expected Annual Loss Rate
(EALR) as defined in the National Risk Index Database.22 The EALR represents the av-
erage proportional economic loss to building infrastructure resulting from natural hazards
each year. This measure combines the annualized frequency of natural disasters with the
historical percentage of building value destroyed by them. I sort regions by their EALR
and define the cut-off loss rate such that the low-risk regions constitute 75 percent of
the U.S. population. Figure 1.6 provides a map of the classified regions. The regional-
specific disaster risk is then the average EALR of all low-risk (high-risk) counties with
EALRlow = 0.0004 (and EALRhigh = 0.0023).

To estimate the average relative housing destruction, I use OpenFEMA data on NFIP
claims transactions, which provide detailed information on property-level flood damage
and the actual cash value of affected properties. After trimming the bottom and top one
percent of observations, I compute the average share of property damage relative to the
property’s cash value. I then cluster these relative damages using k-means clustering.
The first cluster, representing 72.69 percent of observations, has a mean damage share of
0.12, while the second cluster, representing 27.31 percent of observations, has a mean of

22The National Risk Index, developed by the Federal Emergency Management Agency (FEMA), com-
bines risk for 18 natural hazards into an index at the county level. The key component Expected An-
nual Loss for each county c is constructed as EALc =

∑18
h=1 EALc,h with EALc,h = Exposurec,h ·

AnnualizedFrequencyc,h · HistoricLossRatioc,h where h represents a hazard-type. The index is based
on various data sources. The historical loss rate based on SHELDUS and building exposure val-
ues is based on values recorded in Hazus 6.0. The annualized frequency is based on hazard-specific
datasets, e.g., USDA, Forest Service Fsim Burn Probability and Fire Intensity Level Source for wild-
fires, and SPC Severe Weather Database (NOAA) for strong winds. For more technical details, see
https://www.fema.gov/flood-maps/products-tools/national-risk-index and for further details
on National Risk Index methodology and results see Zuzak et al. (2022).

https://www.fema.gov/flood-maps/products-tools/national-risk-index
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0.66. These values provide the estimates δsmall = 0.12 and δlarge = 0.66. To calculate the
share of affected homeowners for each region type, I divide the region-specific EALR by
the corresponding average property damage share and convert the result to a bi-annual
frequency by dividing by two. On average, 0.45 percent of homeowners in high-risk regions
and 0.08 percent in low-risk regions are affected in each period.

Figure 1.6: Low- and high-risk counties in the U.S.

Note: County-specific disaster risk is based on the National Risk Index (see main text for details). Counties
with dark-blue coloring are classified as high-risk regions. 25 percent of the total U.S. population lives in
these high-risk regions.

Government The baseline income tax is set to 13.6 percent to match the average income
tax paid in the U.S. Consistent with Mitman (2016), I set the probability of a deficiency
judgment after foreclosure, πR, to 0.1. In the baseline, the government imposes a fore-
closure moratorium for homeowners who are affected by natural disasters (M = 1) and
financial disaster aid that covers uninsured damages up to a maximum coverage amount
τ̄δ. The maximum coverage amount provided by FEMA for a single disaster under the
individual housing assistance program is USD43,600. Normalizing this by the median
household income gives an upper bound on ex-post financial aid of τ̄δ = 1.26. In case
of a foreclosure moratorium, all homeowners affected by a natural disaster are protected
against foreclosures, normally for 90 days post-disaster, i.e., πM = 0.5.

Insurance I externally calibrate the insurance wedge using data on the expected costs
and premiums of the NFIP in 2017. Rate-based receipts account for 75 percent of premi-
ums, whereas additional charges (reserve fund assessment, surcharges, and federal policy
fee) amount to 25 percent (Congressional Budget Office 2022). These numbers are in line
with expense ratios of about 26 percent of homeowner insurance premiums as documented
by the Insurance Information Institute (2023). Hence, I set the insurance wedge qι equal
to 0.33.

1.5.3 Internal calibration

I calibrate the remaining seven parameters (hmin, ψh, κ, L̄, qR, σD, σS) jointly to match
seven aggregate moments. Using the preference for homeownership ψh and the minimum
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house size hmin, I target the following moments: the average homeownership rate (≈ 66%,
FRED) and the ratio of mean house sizes of homeowners to renters (1.5 according to
Chatterjee and Eyigungor (2015)). I target the homeownership rate of low-income house-
holds (≈ 46%, FRED) with the per-unit costs of operation of the rental agency qR. The
values of land permits L̄ are set to reflect the construction sector’s relative size in the
U.S. (≈ 5% of total employment, FRED). Using the variance of taste shocks on selling
the house σS , I aim at the average share of homes sold each period (0.1 following Kaplan,
Mitman, et al. (2020)). Lastly, I target the average U.S. delinquency rate (1.7%) and the
average home equity share (58%, FRED 2000-2020) with the disutility of default κ and
the variance of the taste shock on default σD.23 I use loan-level data from Fannie Mae
Single-Family Mortgage containing the outstanding mortgage amount as well as the length
of delinquency. I construct a delinquency rate to align the data with the model, where
one period represents half a year. Since most delinquencies last less than six months,
I adjust for their duration when calculating the target delinquency rate. Specifically, I
determine the relative value of mortgages that are delinquent over the course of a year,
weighting delinquencies by their length. For each month and region, I calculate the value
of mortgages delinquent for 30–90 days, 90–180 days, and more than 180 days. To account
for their shorter duration, I scale down delinquencies of 30–90 days by multiplying by 1/2.
The delinquency rate is then calculated as the weighted value of delinquent mortgages
divided by the total value of all active mortgages. Excluding the financial crisis period,
this results in an average delinquency rate of 1.7%.

The model successfully replicates several key features of the U.S. housing and mortgage
market. Panel (A) of Table 1.1 summarizes its performance against aggregate targeted
moments. The model closely matches both the aggregate homeownership rate and the
proportion of low-income households residing in rental units. Consistent with the data,
which show that owner-occupied homes are on average 1.5 times larger than rental units,
the model produces a comparable ratio of 1.7. In addition, the model’s aggregate mortgage
delinquency rate aligns exactly with the empirical target of 1.7 percent. At the same time,
the model underestimates the relative size of the construction sector and the average
home equity ratio. Finally, the fraction of homes sold each period in the model is broadly
consistent with the observed annual turnover rate in the housing market.

1.5.4 Model validation

Aggregate moments The model successfully replicates key untargeted aggregate mo-
ments of the U.S. housing market. Mortgage payments amount to 6 percent of income (not
conditioning on mortgage holders), closely aligning with 7 percent reported in the 2019
AHS, while total owner costs, including mortgage payments, represent 7 percent compared
to 9 percent in the data. The ratio of liquid assets to income is 13 percent, slightly above
the 11 percent reported in the 2019 SCF. The model also matches the low observed fore-

23In the model, defaults outside of natural disaster events are entirely driven by taste shocks. Income
shocks are relatively persistent, and households cannot experience negative home equity in the absence of
a disaster. Hence, a negative income shock leads them to sell rather than default.
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Table 1.1: Model validation - Targeted and untargeted moments

Moments Model Data
(A) Target Moments
Homeownership rate (all) 66% 66%
Homeownership rate (below median income) 48% 46%
Delinquency rate 1.7% 1.7%
Mean house size (owners/renters) 1.7 1.5
Average home equity ratio 0.44 0.57
Relative size of construction sector 0.02 0.05
Annual fraction of homes sold 0.13 0.10
(B) Untargeted Moments
Liquid asset share 0.13 0.11
Mortgage payment over income (only homeowners) 0.06 0.07
Owner costs over income (w/ mortgages) 0.07 0.09
Foreclosure rate 0.02% 0.01%
Rebuilding after ND 87% 87%
Median income (owners/renters) 1.3 1.8
Insurance protection gap 73% 58-70%
Homeownership rate (high income) 70% 84%
Home value over income 2.2 3.7

Note: The table compares key moments generated in the model with corresponding moments in the data.
For details on the sources, please see the main text.

closure rate: 87 percent of affected homeowners remain in their homes after a disaster,
consistent with the empirical estimate from Gallagher and Hartley (2017) following Hur-
ricane Katrina. Although the model does not explicitly include a rebuilding decision, this
outcome corresponds to the share of homeowners who do not relocate to a different-sized
house after a disaster. The median income ratio of owners to renters in the model is 1.3,
which is below the 1.8 observed in the 2019 AHS. Similarly, the home value-to-income
ratio of 2.2 falls short of the empirical ratio of 3.7 based on purchase values from the 2019
SCF, and high-income households are less likely to own homes (70 percent in the model
versus 84 percent in the data). The model underestimates the private insurance uptake:
the economy features an insurance protection gap of 73 percent compared to 58 percent
observed in the data (Swiss RE 2024). However, the model estimate is close to the pro-
tection gap observed specifically for flood insurance, which stands at around 70 percent
(Amornsiripanitch et al. 2025). More broadly, estimates of insurance coverage regarding
non-flood hazards should be interpreted with caution due to data limitations in the U.S.24

Regional differences As documented in Table 1F.8, low-risk and high-risk regions ex-
hibit substantial differences in their housing markets. These differences are also quali-
tatively captured by the model (see Table 1.2). Since GDP per capita does not differ
significantly across regions, I assume the same income processes for both region types.
Housing costs are higher in high-risk areas, even though people live in smaller homes.
Homeownership rates are lower in high-risk regions, and homeowners are less likely to

24To the extent that the model overstates the insurance protection gap relative to the true aggregate, it
likely overstates the welfare gains from government aid, as a larger share of households would benefit from
the provision of publicly backed coverage.
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carry mortgages.25

Table 1.2: Model Fit - Regional Differences

Data Model
Owner costs (w/o mortgage) 57.11% 21.01%
House size -8.62% -2.09%
Percent with mortgage -6.48% -6.09%
Homeownership rate -2.81% -1.12%

Note: Regional differences are expressed in percentage deviations from the low risk region. House size is
measured as the number of rooms in the data. In the model, owner costs without mortgage payments are
defined as per-period maintenance costs and rebuilding expenditures.

Distributional Moments The model reproduces two important distributional patterns
observed in the economy: liquid assets and delinquency rates along the income distribu-
tion. Panel (A) of Figure 1.7 illustrates the gradient of liquid asset holdings with respect
to income: higher-income households hold a larger share of liquid assets relative to their
income than lower-income households. Panel (B) shows that delinquency declines with
income.

Figure 1.7: Liquid Asset and Delinquency over the Income Distribution

(A) Liquid Asset Share (B) Delinquency Rate

Note: The figure plots data moments against moments generated by the model for each income group.
Panel (A) plots the median share of liquid assets over income. Panel (B) plots the share of mortgage
holders who are behind on their mortgage payments against the model’s delinquency rate. Data moments
are based on the Survey of Consumer Finances 2019 and the American Housing Survey 2019.

Given the limited availability of data on insurance coverage against natural disasters
by income, I validate the model using payments for homeowner insurance policies that
cover both disaster-related and non-disaster damages. As shown in Figure 1F.21, the
model reproduces the same inverse-U relationship observed in the data: middle-income
homeowners make the largest insurance payments relative to the value of their homes.

25Although the model captures these qualitative differences in the housing market, it does not match the
quantitative gap in owner costs and size of homes. This gap might be generated by differences in amenity
values of regions that are not captured by my model, but lead to different region-specific house prices.
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Low-income households cannot afford extensive insurance coverage, whereas high-income
households hold sufficient liquid assets to self-insure against potential damages.

Response to Natural Disasters To compare model-generated impulse response func-
tions with their empirical counterparts, I need to translate the model’s disaster shock into
an empirically observed share of affected households, since there is no direct mapping be-
tween the two. Using property damage and housing value data from the AHS (2000–2020)
and SHELDUS, I compute the ratio of total property damage to total housing value at
the county level and take the median across counties (0.98 percent). I then simulate the
model’s response to a small (large) disaster under the assumption that 0.98 percent of
households are hit by a small (large) shock. See Appendix 1F.1 for details on the simula-
tion. Figure 1.8 plots the empirical impulse response functions alongside the model-based
ones.

The model replicates the empirically observed response of delinquency rates reasonably
well. After small disasters, delinquency rates barely respond—a pattern visible in both
the model and the data. After large disasters, delinquency rates spike within the first
six months but return to pre-disaster levels within a year; point estimates beyond that
horizon are not statistically significant (see Figure 1.1).

Figure 1.8: Mortgage Delinquency after Natural Disasters
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Note: The figure plots empirical and model-based impulse response functions for mortgage delinquency
rates (in percentage points) in response to small and large natural disasters. The empirical estimates are
presented in Section 3.3. For the model-based IRFs, I assume that 0.98 percent of homeowners are affected,
based on the median relative destruction derived from AHS and SHELDUS data. See the main text for
further details on the simulation.

1.6 Results

The results are presented in five parts. First, I evaluate the effects of existing policies by
removing the rebuilding grant and foreclosure moratoria. Second, I run a series of revenue-
neutral policy counterfactuals that alter either the design of government aid or its financing
source. Third, I assess how welfare responds to changes in the maximum grant size, asking
whether providing full rebuilding grants would be welfare-improving. Fourth, I investigate
the role of the recourse regime by comparing the welfare effects of policy reforms under a
strict recourse regime with those under a very lenient regime. Lastly, I simulate a climate
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change scenario and assess the welfare effects of an altered disaster risk. To compare
welfare among different steady states under counterfactual policy regimes, I use ex-ante
expected utility and express welfare changes in consumption equivalence variation (see
Appendix 1C.3). By comparing steady states, this welfare measure represents long-run
outcomes and does not account for the costs and gains accruing to households during the
transition.

1.6.1 Removing existing government aid

This section analyzes the welfare and distributional effects of the existing government aid
policy. It asks whether government aid distorts housing and insurance markets and, if
so, whether eliminating aid would improve welfare by reducing these distortions. Because
removing aid also ends cross-subsidization across regions and from renters to homeowners,
I further examine how the reform affects different income groups. To isolate the effects
of both types of government aid, Table 1.3 reports all statistics of how the insurance gap
(the share of disaster losses not covered by private insurance) and housing choices respond
under the following counterfactual policies: first, I remove only the rebuilding grant τ̄δ = 0
and maintain the foreclosure moratorium M = 1 (column 1). Second, I only remove the
foreclosure moratorium M = 0 while maintaining the rebuilding grant τ̄δ = 1.26 (column
2). Third, I remove both measures of government aid (column 3).

Government aid distorts both the housing and insurance markets. In its absence,
the insurance protection gap would be almost 50 percent lower (corresponding to a 36pp
decline), and the owner-occupied housing stock in the risky region would be about 12
percent smaller. The decline in owner-occupied housing indicates adjustments along both
margins: fewer households choose to own, and those who do select smaller housing units
per capita (Table 1.3, column 3). Removing government aid also triggers region-specific
responses. While the insurance gap declines by a similar magnitude in both regions, the
contraction in owner-occupied housing is concentrated in the high-risk region. In the
low-risk region, homeownership rates and the aggregate housing stock increase slightly,
by about 0.5 percent (Table 1G.15). Several mechanisms drive these patterns. Without
aid, user costs of housing increase because mortgage financing conditions worsen and
households lose access to cross-subsidized insurance. At the same time, house prices fall.
In the low-risk region, lower house prices and higher unconditional transfers more than
offset the increase in financing costs, leading to a small rise in homeownership. In contrast,
in the high-risk region, the loss of subsidized insurance dominates, resulting in a decline
in owner-occupied housing.

Removing rebuilding grants and the foreclosure moratorium one at a time reveals
that the overall effects are largely driven by the rebuilding grants. The moratorium is a
relatively small-scale measure that only slightly decreases the probability of foreclosure,
whereas the grants represent a far more substantial intervention. Unlike rebuilding grants,
the foreclosure moratorium does not crowd out private disaster insurance. In contrast,
removing the moratorium increases the insurance gap by around 1 percent, mainly driven
by households in the low-risk region (see Table 1.3, column (2)) who hold higher liquid
asset-to-income ratios. Households rely more on self-insurance through liquid assets as
the downside risk of delinquency rises with a foreclosure moratorium.
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Table 1.3: Steady State Comparison - Removing existing government aid

Baseline Counterfactuals (∆%)
(0) (1) (2) (3)

τ̄δ = 0 M = 0 No aid
Insurance gap
Total 73.14 -48.90 1.32 -48.91
By disaster exposure
Low-risk 71.83 -47.43 1.73 -47.43
High-risk 77.10 -53.00 0.17 -53.05

Home ownership
Total 66.15 -2.30 -0.00 -2.30
By disaster exposure
Low-risk 66.33 0.50 0.38 0.50
High-risk 65.60 -10.78 -1.18 -10.78

Owner-occupied
housing stock
Total 3.75 -2.61 -0.46 -2.61
By disaster exposure
Low-risk 3.78 0.46 -0.03 0.46
High-risk 3.66 -12.14 -1.79 -12.14

Note: Column (0) reports main statics in the baseline steady state with existing government aid. Columns
(1)-(3) report percent changes from the baseline steady state for the following policy counterfactuals: (1)
removing the rebuilding grant while maintaining the foreclosure moratorium, (2) removing the foreclosure
moratorium while maintaining the rebuilding grant, and (3) removing both the rebuilding grant and the
foreclosure moratorium.

Income groups in both regions are differentially affected by the removal of govern-
ment aid. Across the income distribution, homeowners increase their insurance coverage,
producing higher user costs of housing, especially in the high-risk region (see Table 1.4,
column “No Aid”). The largest rise in insurance coverage is observed among middle-
income households, who already held the highest insurance levels in the baseline economy.
Low-income households, by contrast, increase their insurance coverage the least, as the
possibility of default serves as a relatively attractive substitute for private disaster insur-
ance. This income group is also less likely to own homes and, when they do, tends to
purchase smaller properties without government aid (see Table 1G.15).

Government aid protects homeowners from the negative effects of natural disasters.
The share of homeowners who remain in their homes after a natural disaster falls by 34
percent when government aid is eliminated (see Table 1.4, column “No Aid”). This ef-
fect occurs across all income groups but is largest among low-income households, whose
likelihood of staying declines by 62 percent in low-risk regions and 71 percent in high-risk
regions. Removing the foreclosure moratorium does not cause a rise in homeowner dis-
placement following natural disasters. In the high-risk region, the probability of remaining
in the affected home declines by only 1 percent.

Mortgage delinquencies and foreclosures respond to changes in government aid. With-
out the rebuilding grant, delinquency rates increase among low-income households but
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Table 1.4: Insurance-Independent Rebuilding Grants compared to No-Aid

No aid Lump-sum grant

Staying after Insurance Staying after Insurance
disaster gap disaster gap

Total -34.3 -48.9 0.3 -30.9
Low risk
Low-income -62.0 -21.7 -0.5 -40.0
Middle-income -28.9 -62.3 1.8 -27.8
High-income -11.0 -53.3 -1.7 -33.5
High risk
Low-income -70.6 -12.1 -1.8 -26.4
Middle-income -32.4 -65.7 1.0 -33.4
High-income -34.2 -58.2 0.4 -16.5

Note: The columns report percentage changes in steady-state statistics under a lump-sum rebuilding grant
or a no-aid scenario relative to the baseline steady state with existing government aid.

decline for middle- and high-income households following small disasters.26 The latter in-
crease their insurance coverage and, hence, reduce their default risk, whereas low-income
households rely on delinquency as implicit insurance. For large disasters, delinquency
rates fall across the income distribution, as households cannot afford to remain delinquent
and instead enter consensual foreclosure. Removing the foreclosure moratorium generally
lowers delinquency rates, as households internalize the greater downside risk of default.
Nevertheless, post-disaster involuntary foreclosures increase across all income groups, since
banks can now seize affected properties. For large disasters, overall foreclosures decline,
driven by fewer voluntary foreclosures. This reflects lower loan-to-value ratios and smaller
home sizes, which reduce rebuilding costs and exposure to natural disasters. When both
policies are removed, the effect of eliminating the rebuilding grant outweighs that of remov-
ing the moratorium. To summarize, delinquency rates decline due to lower loan-to-value
ratios, but foreclosure rates rise for affected households without government aid.

Welfare Analysis

While government aid distorts insurance and housing choices, the welfare analysis sug-
gests that abolishing it is not desirable from a utilitarian perspective. When the existing
government aid is removed, aggregate welfare declines by 0.25 percent (in consumption
equivalent units). Overall, aggregate welfare effects are primarily driven by the removal
of the rebuilding grant. While eliminating the foreclosure moratorium alone generates
small aggregate welfare effects, its impact is negligible once the rebuilding grant is re-
moved. This suggests that the moratorium no longer provides meaningful protection in
the absence of direct transfers (see Figure 1.10 Panel (A)). Aggregate welfare losses from
removing government aid result from dominating welfare losses in the high-risk region (-1
percent), whereas the low-risk region is almost indifferent between both scenarios.

26Tables 1G.11, 1G.12, and 1G.13 document percentage-point changes in delinquencies, “involuntary”
foreclosures, and “consensual” foreclosures, respectively.
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Figure 1.9: Welfare changes from removing existing government aid

(A) Aggregate (B) By region

Note: Reported welfare changes are consumption equivalence variation from baseline steady state (in %)
for the following counterfactuals: (1) Removing both, the rebuilding grant and the foreclosure moratorium
(2) removing the rebuilding grant while maintaining foreclosure moratorium, and (3) removing foreclosure
moratorium while remaining the rebuilding grant.

The relatively small aggregate effect in the low-risk region masks heterogeneity along
the income distribution (see Figure 1.9). Low- and middle-income households in this
region experience small welfare gains (0.05 percent and 0.02 percent) from removing gov-
ernment aid. Low-income households benefit because they are less likely to own homes
and therefore value the increase in transfers more than the loss of insurance coverage.
Middle-income households, who were already relatively well insured, experience small wel-
fare gains in contrast to high-income households (-0.13 percent), who now face higher
insurance expenses. A different pattern emerges in the high-risk region. Welfare losses
are spread across the income distribution, with the largest declines observed among low-
income households (-1.18 percent). As described above, these households are more likely
to enter foreclosure without government aid.

Figure 1.10: Welfare changes from removing government aid - by income and region

(A) Low-risk region (B) High-risk region

Note: Reported welfare changes are consumption equivalence variation from baseline steady state (in %) by
region under the policy counterfactual of removing both, rebuilding grants and the foreclosure moratorium.
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Government disaster aid generates welfare gains mainly by preventing costly mortgage
default after disasters. As shown above, aid enables affected homeowners to remain in
their homes rather than default. This direct effect is quantitatively important. However,
additional mechanisms operating through general equilibrium prices as well as modeling
assumptions affect aggregate welfare. To understand the main drivers of welfare gains
from government aid, I run several decomposition exercises.

General equilibrium price adjustments dampen the welfare losses from removing gov-
ernment aid. Government aid acts as a commitment device that improves mortgage fi-
nancing conditions and increases welfare, but it also raises equilibrium house prices, which
could offset these gains. To quantify these channels, I conduct a decomposition in which
aid is removed under two alternative scenarios: (i) house prices are held fixed while mort-
gage prices adjust, and (ii) both house and mortgage prices are held fixed. These channels
work in opposite directions. The results show that the house price channel dominates the
mortgage pricing channel (Figure 1.11). In the baseline, removing aid reduces aggregate
welfare by 0.25 percent. This loss increases to 0.45 percent when house prices are fixed,
and only mortgage prices adjust. When both prices are fixed, the welfare loss declines
slightly to 0.42 percent because mortgage prices no longer price higher default risk.

Figure 1.11: Welfare changes from removing existing government aid - Decomposition

Note: Reported welfare changes are consumption equivalence variation from baseline steady state (in %)
for the counterfactual of removing both, the rebuilding grant and the foreclosure moratorium. Along the
x-axis, I plot the aggregate and region-specific welfare changes, allowing for (i) the baseline with all general
equilibrium effects, (ii) only adjustments of mortgage prices holding house prices fixed, and (iii) holding
house prices and mortgage prices fixed.

The efficiency advantage of government aid relative to private insurance is not the
main driver of welfare gains. I assume that the government is not subject to the inter-
mediation wedge faced by private insurers and can pool and redistribute resources at low
cost.27 To assess the importance of this assumption, I impose the same insurance wedge
on government aid. Welfare losses from removing aid decline only slightly, indicating that
this channel explains only part of the gains (see Figure 1G.24).

Regional redistribution generates opposing welfare forces, but is of minor quantitative
importance. Government aid reallocates resources across regions and increases ex-ante

27This efficiency advantage of the government is consistent with evidence from Spain, where mandatory
state disaster insurance operates with lower administrative and commission costs than private insurance
(Von Ungern-Sternberg 2003).
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expected welfare through risk sharing. I evaluate the quantitative relevance of this chan-
nel by shutting down cross-regional transfers and requiring each region to finance its own
disaster aid. I find that, first, welfare losses from removing government aid still remain
meaningful (see Figure 1G.23). Second, without regional transfers, distortions in the in-
surance and housing markets decline (see Table 1G.14).

The welfare measure compares long-run steady states and therefore abstracts from
transition dynamics. The two steady states differ in house prices, the size of the owner-
occupied housing stock, and the composition of homeowners. Along the transition, current
homeowners would face an immediate negative wealth effect as house prices decline in
response to the removal of aid. In addition, households that find homeownership no longer
viable without government aid would be pushed out of ownership during the transition.
Low-income owners who cannot sell quickly enough may be forced into delinquency or
foreclosure even though they would not have been homeowners in the new steady state to
begin with. These welfare effects are likely to operate in the same direction as the long-run
welfare losses, such that the long-run welfare losses from removing government aid may
be a lower bound on the total welfare costs.

The Role of Default: Insurance versus Commitment

A central motivation of this paper is the role of mortgage default. On the one hand, it
provides households with implicit insurance against large disaster losses which reduces the
value of government aid. On the other hand, it creates a commitment problem, which
creates scope for government intervention. To assess which channel dominates, I eliminate
default option by setting the default utility cost to infinity. Figure 1G.25 summarizes
welfare changes under both environments, with and without a default option.

First of all, eliminating mortgage defaults has large effects on the housing market
even when government aid stays unchanged. The aggregate owner-occupied housing stock
falls by 27 percent, average house size declines by 25 percent, homeownership becomes
more concentrated among higher-income households, and both loan-to-value ratios and
the mortgage participation rate decline. The welfare effects of removing government aid
change sharply. Without default, the aggregate welfare loss from eliminating disaster aid
rises from 0.25 percent to 4.8 percent in consumption equivalent variation. The regional
distribution of losses also changes. In the baseline, low-risk regions benefit slightly from
removing aid while high-risk regions bear large losses. Without default, the losses become
similar across regions and increasingly concentrated among higher-income households,
which follows from the stronger concentration of homeownership in that group.

These results suggest that the insurance channel of default dominates the commitment
channel: default substitutes for government aid by providing implicit insurance, hence
reducing the welfare value of publicly provided government aid.

1.6.2 Alternative Policy Designs

In the previous section, I showed that the current government aid policy generates welfare
gains but also crowds out private insurance and leads to an overaccumulation of housing in
the risky region. This section asks whether alternative, revenue-neutral policy designs can
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improve welfare by directly correcting these distortions. To do so, I compare steady-state
outcomes under the baseline aid policy with several counterfactual policy regimes.

First, I consider a revenue-neutral policy in which the government subsidizes insurance
premiums ex ante rather than providing rebuilding grants ex post. This lowers the cost
of private disaster insurance for all households. Second, I analyze a design in which
rebuilding grants are distributed independently of a household’s insurance coverage. Both
policy counterfactuals are designed to increase the uptake of private disaster insurance.
Third, I study a policy that targets government aid exclusively to low-income households.
To maintain revenue neutrality, the maximum grant level increases as the number of
recipients declines. Finally, I examine a scenario in which the existing government aid is
left unchanged but is financed through a housing tax to mitigate distortions in the housing
market. Table 1G.15 reports percentage changes in the insurance gap, homeownership
rates, and aggregate housing across counterfactuals. Figure 1.12 summarizes the associated
welfare effects.

All policy designs reduce the targeted distortions (see Table 1G.16). As a result,
the steady-state allocation of government aid shifts from high- to low-risk regions, either
directly through the policy change itself or indirectly through the new equilibrium alloca-
tions it generates (see Table 1.5). Therefore, for all counterfactuals, the high-risk region
faces welfare losses from the new policy, whereas the low-risk region benefits. Aggregate
welfare effects are determined by which effect dominates quantitatively. Among the policy
counterfactuals, the largest welfare gains (0.21 percent) are achieved under insurance-
independent rebuilding grants to all households. Especially, the low-risk region benefits
from this policy design.

Figure 1.12: Welfare changes under alternative policy designs

(A) Aggregate (B) By region

Note: Reported welfare changes are consumption equivalence variation from baseline steady state (in %)
for the following revenue neutral counterfactuals: (CF 1) providing only an insurance subsidy, (CF 2)
making rebuilding grants independent of insurance coverage, and (CF 3) providing insurance-independent
rebuilding grants to low-income homeowners only. As the last counterfactual (CF 4), government aid is
financed through a tax on homeowners’ housing capital.

Insurance subsidy Introducing an insurance subsidy while eliminating financial gov-
ernment aid generates the largest aggregate welfare losses among all policy experiments,
reducing total welfare by 0.18 percent (Figure 1.12, Panel A). Losses are particularly severe
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Figure 1.13: Welfare changes under alternative policy designs across the income distribu-
tion

(A) Low-risk region (B) High-risk region

Note: Reported welfare changes are consumption equivalence variation from baseline steady state (in %) by
region for the following revenue neutral counterfactuals: (CF 1) providing only an insurance subsidy, (CF 2)
making rebuilding grants independent of insurance coverage, and (CF 3) providing insurance-independent
rebuilding grants to low-income homeowners only. As the last counterfactual (CF 4), government aid is
financed through a tax on homeowners’ housing capital.

in the high-risk region, where all income groups experience welfare declines exceeding 0.70
percent, with low-income households affected most (Figure 1.13, Panel A). Low-income
households in these areas increase private disaster insurance coverage by less than other
groups and instead rely more heavily on default as an informal insurance mechanism in the
event of a disaster—indeed, “consensual” foreclosures rise following large events. Even in
the low-risk region, welfare effects are uneven: high-income households face welfare losses
of 0.36 percent, whereas low- and middle-income households experience small gains of
0.23 and 0.14 percent, respectively (Figure 1.13, Panel B). Although the policy is revenue
neutral, it alters the distribution of government transfers across regions, since the subsidy
is not conditional on being affected by a disaster. Whereas the high-risk region previously
received the majority of aid, under the insurance subsidy, its allocation falls by 65 percent
(see Table 1.5). Low- and middle-income households in low-risk regions benefit most from
the subsidy, as they already held relatively high insurance coverage in the baseline.

The primary objective of the insurance subsidy is to reduce underinsurance and correct
distortions in the insurance market. However, because the policy is targeted to the whole
population (not only affected households), the same budget as in the baseline allows only

Table 1.5: Allocation of government aid across regions

∆%
Baseline Aid CF 1 CF 2 CF 3 CF 4

Low-risk region 0.0002 140.74 4.45 -50.07 1.40
High-risk region 0.0014 -67.46 -1.81 -56.77 -0.56

Note: This table plots the change in allocation of government aid across regions under the following
revenue-neutral counterfactuals with moratoria in place: (CF 1) providing only an insurance subsidy, and
(CF 2) making rebuilding grants independent of insurance coverage. Under (CF 3) the government provides
insurance-independent rebuilding grants to low-income homeowners only. As last counterfactual (CF 4),
government aid is financed through a tax on homeowners’ housing capital.
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a 0.06 percent subsidy rate on insurance premiums. The insurance gap therefore narrows
only marginally more than under the no-aid scenario (see Table 1G.15, column 4). Under
this policy counterfactual, house prices decline in both regions. In the low-risk region, low-
and middle-income households increase their per capita housing holdings by 0.13 percent
and 0.45 percent, respectively. Lower house prices also encourage higher homeownership
rates in the low-risk region, whereas homeownership becomes less likely in the high-risk
region across all income groups.

Insurance-independent rebuilding grants Providing government aid independently
of insurance generates the largest aggregate welfare gains, increasing aggregate consumption-
equivalent welfare by 0.2 percent (CF 2 in Figure 1.12, Panel A). Welfare effects differ
across regions: the low-risk region benefits (+0.3 percent), whereas the high-risk region
loses (-0.06 percent). Since the policy is revenue neutral, the maximum grant available
under this scenario is lower than in the baseline (–38.8 percent), which partly explains
the observed regional welfare losses. This reduction in the maximum grant dispropor-
tionately decreases expected transfers in the high-risk region, where disasters occur more
frequently. Furthermore, since insurance coverage is higher in the low-risk region, the
reform effectively reallocates government funds from high- to low-risk areas, as eligibility
for government aid is no longer reduced by insurance coverage.

In the low-risk region, all income groups benefit, with the largest gains accruing to
low-income households (0.35 percent). Lower maximum grants reduce house prices, which
particularly benefits these households. In contrast, in the high-risk region, welfare gains are
concentrated among middle-income households, who already held relatively high insurance
coverage and are no longer penalized for being insured. Low- and high-income households
in this region experience welfare losses from the lower maximum grant provided since
aid within the region is shifted from low- and high-income households to middle-income
households.

Under this policy design, eligibility for government financial aid is no longer tied to
insurance coverage. This mitigates the direct crowding-out effect. However, the mere
expectation of rebuilding grants continues to dampen the insurance demand (see Table
1G.15, column 5). The insurance gap narrows across all income groups and regions. The
response is largest for low-income households in the low-risk region (-40 percent) and least
for high-income households in the high-risk region (-17 percent).

Comparing the insurance-independent rebuilding grant with both the existing policy
and the no-aid scenario shows two main insights (see Table 1.4). First, making rebuilding
grants independent of insurance coverage has almost no effect on the share of households
that remain in their homes after a disaster. The policy therefore preserves aid’s effective-
ness in preventing displacement and default. Second, the insurance gap declines under
insurance-independent grants (-31 percent), though less than in the no-aid scenario (-49
percent). This difference is driven by middle- and high-income households, which reduce
their insurance gap by 28 and 34 percent, respectively, compared to 62 and 53 percent in
the absence of aid. For low-income households, however, the opposite pattern emerges.
In this group, providing rebuilding grants crowds in private insurance. This result cor-
responds to the mechanism highlighted in the simple framework at the beginning of the
paper. For low-income households, rebuilding grants make default relatively less attractive
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and increase the value of maintaining private disaster insurance. As a result, low-income
households hold more private disaster insurance under insurance-independent grants than
in the no-aid scenario.

Insurance-independent rebuilding grants for low-income homeowners only The
policy is designed to allocate government funds more efficiently by targeting low-income
households most in need. Aggregate welfare gains depend on whether the benefits to
these households outweigh the welfare losses of other income groups. Overall, this policy
yields aggregate welfare gains of 0.04 percent (see Figure 1.12). Although designed to
be revenue-neutral, total government aid declines relative to the steady state: even with
full insurance for low-income homeowners, it falls by about 55 percent. Welfare gains are
concentrated among low-income households in the low-risk region (+0.27 percent) and are
smaller in the high-risk region (+0.04 percent), as these households directly benefit from
the expansion of public insurance against disaster shocks (see Figure 1.13).

Welfare effects for middle- and high-income households differ markedly across regions
and income groups. In the low-risk region, these groups experience welfare gains, whereas
in the high-risk region, they face losses. The stronger welfare gains in low-risk areas pri-
marily reflect stronger declines in house price, which improve housing affordability and
offset the losses from removing aid for higher-income households. Consequently, home-
ownership rates increase across all income groups in the low-risk region. In contrast,
house price declines in the high-risk region are smaller; therefore, the welfare losses from
removing government aid dominate for middle- and high-income households in these areas.

Insurance choices also adjust. Low-income households remain uninsured as the gov-
ernment provides full insurance, while middle- and high-income households expand their
coverage. This generates a 35 percent decline in the aggregate insurance gap. Finally, the
likelihood of remaining in one’s home after a natural disaster rises for low-income house-
holds (+12 percent in both regions) but falls for middle- and high-income groups, with
the largest decline among middle-income households in high-risk areas (–33 percent).

Baseline aid financed through housing tax Replacing the lump-sum transfer ad-
justment with a federal housing tax as the financing source for government aid increases
aggregate welfare by 0.16 percent. Welfare gains are concentrated among middle- and
high-income households in the low-risk region (+0.50 and +0.26 percent, respectively),
while high-income households in the high-risk region experience the largest welfare losses.
Although the aggregate welfare effects are similar to those under Counterfactual 2, the
distribution of gains and losses differs markedly across income groups and regions.

The policy operates through two main channels. First, by taxing housing, it coun-
teracts the distortionary effect of government aid, which otherwise encourages excessive
accumulation of housing capital. Second, it shifts the financial burden of government aid:
while it is shared between homeowners and renters in the baseline, under the housing tax
scenario, it falls exclusively on homeowners.

In principle, one might expect low-income households to benefit from this policy. In
practice, however, higher housing user costs reduce affordability for this group, leading
to lower homeownership rates and smaller average house sizes (averaged across the entire
low-income population), and ultimately to welfare losses. Because the housing tax raises
user costs, many marginal low-income owners switch to renting; their move into smaller
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rental units lowers the unconditional average even though the conditional average for the
remaining owners, reported in Table G.6, rises (+1.18 percent in the low-risk region). Per
capita housing demand increases slightly in the low-risk region (+0.2 percent) but declines
in the high-risk region (–0.25 percent). The contrasting regional responses stems from
differences in underlying risk: in high-risk areas, the same increase in user costs exerts
a stronger disincentive on homeownership due to greater exposure to potential disaster
losses.

Welfare gains for middle- and high-income households in the low-risk region are gener-
ated by aid redistribution: with fewer low-income households and a smaller housing stock
in high-risk regions, a larger share of government transfers now accrues to middle- and
high-income households in safer areas.

The policy has only a limited impact on insurance markets. The insurance gap rises
marginally by 1.9 percent in the low-risk region and 0.3 percent in the high-risk region. In
the housing market, however, the effects are more pronounced. The owner-occupied hous-
ing stock declines across all income groups in high-risk regions, with the largest reductions
among low-income households with lower homeownership rates and smaller homes. In the
low-risk region, only low- and middle-income households are less likely to own homes; this
decline in demand is offset by higher demand among high-income households, maintaining
market equilibrium. Since the reform solely changes the financing source of government
aid, the share of homeowners remaining in their homes after a natural disaster remains
virtually unchanged.

1.6.3 Different Levels of Maximum Rebuilding Grants

In this section, I assess whether welfare can be improved by increasing the maximum
amount of rebuilding grants. To this end, I solve for the steady state under different
values of the maximum grant, τ̄δ, while maintaining the baseline foreclosure moratorium.
Figure 1.14 reports the resulting welfare changes, where the grant size is expressed as a
share of the maximum potential damages, namely the value of the largest house in the
economy based on baseline steady-state prices.

Figure 1.14: Welfare under different levels of maximum rebuilding grants

(A) Aggregate Welfare (B) Region-specific Welfare

Note: The figure reports aggregate and region-specific welfare changes across various steady states that
only differ in the level of the maximum grants provided to households. Welfare changes are expressed as
consumption equivalence variation relative to a steady state without any rebuilding grants. The grant size
is expressed as a share of the maximum damages for the largest house in the economy.
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The highest welfare gains are not achieved under full government insurance. Welfare
rises as the maximum rebuilding grant increases from zero percent of damages and peaks
around 80 percent. It then declines until full insurance is provided. The optimal grant
level, however, differs across regions. In the high-risk region, welfare increases monotoni-
cally with the grant level, whereas in the low-risk region, welfare is maximized at a grant
strictly below full coverage. This divergence stems from cross-subsidization from low- to
high-risk regions through government aid.

Increasing the generosity of government aid crowds out private disaster insurance sim-
ilarly across regions; however, the response of the owner-occupied housing stock differs
markedly between them. In both regions, the insurance gap widens as maximum grants
increase, showing a decline in private disaster insurance coverage (Panel (A), Figure 1.15).
The owner-occupied housing stock also responds to the grant size, stronger in high-risk
areas (Panel (B), Figure 1.15). In the low-risk region, the housing stock rises modestly,
by up to 3.2 percent at an 80-percent maximum grant, but larger grants lead to a contrac-
tion in aggregate housing. In contrast, the high-risk region exhibits a strictly increasing
response, with the owner-occupied stock expanding by up to 21 percent as the maximum
grant approaches full coverage. As the owner-occupied housing stock expands in the high-
risk region, higher government expenditures dampen the response in the low-risk region.

Figure 1.15: Insurance and housing under different levels of maximum rebuilding grants

(A) Insurance Gap (B) Owner-occupied Housing Stock

Note: The figure reports region-specific changes in the insurance gap and the owner-occupied housing stock
across various steady states that only differ in the level of the maximum grants provided to households.
Changes are expressed in percent deviation from a steady state without the rebuilding grant. The grant
size is expressed as a share of the maximum damages for the largest house in the economy.

1.6.4 Role of Recourse Regimes

In this section, I assess how the strictness of the recourse regime affects welfare results. I
compare the counterfactual of removing all government aid (both rebuilding grants and the
foreclosure moratorium) under two environments: the baseline lenient recourse regime and
a strict recourse regime in which foreclosed households are fully liable for their outstanding
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mortgage balance (πR = 1).28 From the perspective of the simple model, strict recourse
reduces the attractiveness of default, and mortgage prices should reflect the ability of
banks to recover most losses. In this setting, households are expected to insure more ex
ante, permitting little space for welfare gains from government intervention. In the full
quantitative model, however, the presence of an insurance wedge, uninsurable income risk,
borrowing constraints, and maximum wage garnishments reintroduces a role for welfare-
improving government policies even with a strict recourse regime.

As shown in Figure 1.16, removing government aid is more detrimental under a strict
recourse regime than under a lenient one. Welfare losses increase from 0.25 percent in the
lenient recourse case to 0.36 percent under strict recourse. This is in line with previous re-
sults that showed that the implicit insurance channel dominates the commitment channel.
Moreover, welfare losses are no longer concentrated solely in the high-risk region: welfare
declines by 0.19 percent in the low-risk region and by 0.87 percent in the high-risk re-
gion. In this setting, welfare losses are largest among low- and middle-income households.
As discussed above, without rebuilding grants, these households are more likely to enter
foreclosure following a natural disaster. However, under strict recourse, the insurance role
of foreclosure is reduced, thereby amplifying the policy change’s welfare impact. From
the government’s budget constraint, it is clear that eliminating disaster aid has a direct
positive effect on unconditional transfer payments to all households. But since the housing
market contracts, total government transfers ultimately decline, as lower housing demand
reduces revenues from land permit sales.

Figure 1.16: Welfare changes from removing government aid by recourse regime

Note: Reported welfare changes are consumption equivalence variation from the baseline steady state (in
%). In both scenarios, rebuilding grants and the foreclosure moratorium are removed. The economies only
differ in their recourse probability: a lenient regime (πR = 0.1) and a strict regime (πR = 1).

Appendix 1G.2 examines how varying the maximum rebuilding grant affects outcomes
under a strict recourse regime. Compared to the baseline with lenient recourse, welfare
gains peak at lower aid levels (between a maximum grant size of 0.6 and 0.8) and decline
more sharply thereafter (see Figure 1G.26). Under strict recourse, regional differences in
housing stocks are less pronounced. Therefore, the welfare gains from aid are smaller in
high-risk regions and larger in low-risk regions compared to the lenient recourse environ-

28Because of limits on wage garnishment and asset exemptions, some households may still fail to fully
repay their debt after foreclosure.
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ment. Under strict recourse, households hold smaller homes, and upon receiving small
rebuilding grants, households in safer areas adjust their housing demand more strongly
than under lenient recourse (see Figure 1G.27). Responses in the insurance gap are similar
across recourse regimes as strict recourse does not close the insurance gap: rather than
increasing insurance coverage, households accumulate more liquid assets and choose lower
loan-to-value ratios to self-insure against shocks. This higher liquidity serves as a buffer
against all reasons that push them into default (i.e., natural disaster shocks and taste
shocks) and allows them to smooth consumption when subject to wage garnishment.

When comparing alternative policy counterfactuals, the main qualitative results re-
main unchanged under a strict recourse regime: the largest welfare gains are achieved by
providing an insurance-independent grant (see Figure 1.17). This policy closes the insur-
ance gap by 35 percent in low-risk regions and 26 percent in high-risk regions, but it also
expands the housing stock at risk by 2.2 percent and 1.8 percent, respectively. In contrast
to the lenient recourse environment, all other alternative policy designs generate welfare
losses compared to a steady state with the existing government aid in place.

For the remaining counterfactuals, the distributional patterns of welfare effects differ
from the case with lenient recourse (see Figure 1G.29). Under a strict recourse regime,
providing only an insurance subsidy (CF1) yields the largest welfare losses for low- and
middle-income households, as these groups can no longer rely on default as an alternative
form of insurance. By contrast, financing government aid via a housing tax (CF4) leads to
a stronger contraction in housing demand and ownership rates than under lenient recourse,
with welfare losses shifting toward low-risk regions.

Figure 1.17: Welfare changes under alternative policy designs - Role of recourse

Note: Reported welfare changes are consumption equivalence variation from baseline steady state (in %)
by recourse regime for the following revenue neutral counterfactuals: (CF 1) providing only an insur-
ance subsidy, (CF 2) making rebuilding grants independent of insurance coverage, and (CF 3) providing
insurance-independent rebuilding grants to low-income homeowners only. As last counterfactual (CF 4),
government aid is financed through a tax on homeowners’ housing capital.

1.6.5 Changing disaster risk

In this section, I explore how climate change could affect government spending and house-
hold welfare in the context of altered disaster risk. Projections of aggregate natural disaster
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risk for the United States are relatively uncertain, as existing studies focus on individual
hazards and provide wide confidence ranges. The IPCC (2023) reports high confidence
in the intensification of several climate-related hazards, including extreme heat, heavy
precipitation, and tropical storms, but emphasizes that the magnitude and spatial dis-
tribution of these changes depend strongly on future greenhouse gas concentrations. In
particular, tropical cyclones affecting the Gulf of Mexico and the U.S. Atlantic coast are
projected to become more intense, with greater rainfall and stronger winds. Even though
the precise aggregate change in disaster risk cannot be quantified with confidence, the
evidence consistently points to an increase in the frequency of extreme events. Since large
shares of damage in the U.S. are caused by tropical storms, I consult studies on the pro-
jected changes in the risk of this specific hazard. In the Atlantic Ocean basin, for example,
category 4 and 5 hurricanes are largely expected to increase in frequency, while less intense
storms are believed to become less frequent (Bloemendaal et al. 2022). To approximate
this scenario, I simulate a steady state in which the frequency of large damages (δL) is
10% higher and the frequency of small damages (δS) is correspondingly lower, keeping
the overall share of affected households constant. This exercise does not aim to provide a
precise quantitative estimate of the costs of climate change, but rather to illustrate how
the economy might adjust to a shift in disaster risk.

As large events become more frequent, households anticipate greater potential losses.
This is likely to increase insurance demand, given that extreme losses are only partially
covered by government aid. At the same time, homeowners may adjust their portfolios,
opting for smaller houses and holding more liquid assets to buffer against shocks.

I find that the insurance gap declines only slightly in the low-risk region (–0.5 percent)
but rises in the high-risk region (+0.9 percent). As the probability of large losses increases
in this counterfactual, the marginal premium for coverage above the small-damage thresh-
old rises (see eq. 1.22). Higher premiums lead households to substitute toward larger
liquid-asset buffers (+1.9 percent in the low-risk region and +3.3 percent in the high-risk
region), while some reduce high-layer insurance coverage. At the same time, households
choose smaller houses. These adjustments together produce a small decline (increase) in
the insurance gap in low- (high-) risk regions. In the high-risk region, higher insurance

Figure 1.18: Welfare changes under changed natural disaster risk

Note: Reported welfare changes are consumption equivalence variation from the baseline steady state (in
%). In this steady state, the government provides baseline government aid, but the risk of natural disasters
changes: the total number of events remains unchanged, while the probability of large damage rises by 10
percent.
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prices dominate the effect, as disasters are both more costly to insure against through
private disaster insurance. The housing market adjusts accordingly: average house size
falls by 0.5 percent and 1.6 percent, while homeownership rates decline by 0.9 percent in
the low-risk region and 3.0 percent in the high-risk region. Together, these changes reduce
the owner-occupied housing stock by 1.5 percent in the low-risk region and 4.6 percent
in the high-risk region. As a result, aggregate government aid rises only modestly in the
low-risk region (+1.4 percent) and even declines in the high-risk region (–0.6 percent).

Overall, aggregate welfare declines by 0.17 percent in consumption-equivalent terms,
with losses of 0.12 percent in the low-risk region and 0.34 percent in the high-risk region.
High-income households experience the largest welfare losses, as they tend to self-insure
through liquid assets while relying on government support for smaller disasters, making
them particularly exposed when large, uninsured losses become more frequent.

Thus, in this specific scenario of more frequent, severe natural disasters, keeping the
current level of disaster aid results in only small welfare losses, due to long-run adjust-
ments in the housing market.

1.7 Conclusion

I develop a structural general equilibrium model to investigate the interaction between
government aid and mortgage default. Within an incomplete market model, I assess
households’ housing and insurance choices in the presence of natural disaster shocks, and
how government aid can raise welfare when homeowner have access to mortgage default.

I first present empirical evidence that homeowners use temporary non-payments of
mortgages following natural disasters in the U.S. over the past twenty years. Delinquency
rates rise after disasters, while foreclosure rates remain unchanged. I therefore include a
delinquency option, a period of non-payment, in the quantitative framework which allows
mortgage owners to become performing again.

The calibrated model predicts that government aid affects private insurance and hous-
ing allocation. While it reduces private insurance coverage by nearly half, it increases the
housing stock in disaster-prone areas. Nevertheless, removing the existing government aid
leads to aggregate welfare losses (0.25% CEV), concentrated in high-risk regions through-
out the whole income distribution. Among various revenue-neutral policy counterfactuals,
aggregate welfare is maximized when rebuilding grants are provided independently of
households’ insurance coverage, mitigating the direct crowding out of private coverage.
The welfare effects depend on both the institutional framework and the size of aid: re-
course rules shape who gains and loses from removing aid, while raising the maximum
grant improves welfare only up to a point before the gains reverse.

An interesting extension is to analyze transition dynamics. Even though the aggregate
welfare along the transition should work in the same direction as long-run gains, differ-
ent income groups might be differentially affected. This has political relevance for many
economies, where many homes were built before natural disaster risks were widely recog-
nized. Understanding how the government should respond to existing housing stocks in
disaster-prone regions and examining welfare effects across income groups and risk levels
during the transition may yield important policy insights.
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Jordà, Ò. (2005). “Estimation and Inference of Impulse Responses by Local Projections”.
en. American Economic Review 95.1, pp. 161–182. issn: 0002-8282. doi: 10.1257/00
02828053828518.

Kaplan, G., K. Mitman, and G. L. Violante (2020). “The Housing Boom and Bust: Model
Meets Evidence”. Journal of Political Economy 128.9, pp. 3285–3345. issn: 0022-3808,
1537-534X. doi: 10.1086/708816.

Kaplan, G. and G. L. Violante (2014). “A Model of the Consumption Response to Fiscal
Stimulus Payments”. en. Econometrica 82.4, pp. 1199–1239. issn: 0012-9682. doi: 10
.3982/ECTA10528.

https://doi.org/10.1038/s41558-023-01594-8
https://doi.org/10.48550/ARXIV.2207.01010
https://doi.org/10.48550/ARXIV.2207.01010
https://doi.org/10.2139/ssrn.4237083
https://doi.org/10.1016/j.red.2018.11.002
https://www.iii.org/fact-statistic/facts-statistics-homeowners-and-renters-insurance#Homeowners%20Insurance%20Industry%20Underwriting%20Expenses,%202023%20(1)
https://www.iii.org/fact-statistic/facts-statistics-homeowners-and-renters-insurance#Homeowners%20Insurance%20Industry%20Underwriting%20Expenses,%202023%20(1)
https://www.iii.org/fact-statistic/facts-statistics-homeowners-and-renters-insurance#Homeowners%20Insurance%20Industry%20Underwriting%20Expenses,%202023%20(1)
https://doi.org/10.1017/9781009325844
https://doi.org/10.2139/ssrn.3511843
https://doi.org/10.1057/gpp.2013.17
https://doi.org/10.1257/0002828053828518
https://doi.org/10.1257/0002828053828518
https://doi.org/10.1086/708816
https://doi.org/10.3982/ECTA10528
https://doi.org/10.3982/ECTA10528


Bibliography 49

Keys, B. and P. Mulder (2024). Property Insurance and Disaster Risk: New Evidence from
Mortgage Escrow Data. en. Tech. rep. w32579. Cambridge, MA: National Bureau of
Economic Research, w32579. doi: 10.3386/w32579.

Kousky, C., E. O. Michel-Kerjan, and P. A. Raschky (2018). “Does federal disaster as-
sistance crowd out flood insurance?” en. Journal of Environmental Economics and
Management 87, pp. 150–164. issn: 00950696. doi: 10.1016/j.jeem.2017.05.010.

Kousky, C., M. Palim, and Y. Pan (2020). “Flood Damage and Mortgage Credit Risk: A
Case Study of Hurricane Harvey”. en. Journal of Housing Research 29.sup1, S86–S120.
issn: 1052-7001, 2691-1337. doi: 10.1080/10527001.2020.1840131.

Luzzetti, M. N. and S. Neumuller (2012). “Bankruptcy Reform and the Housing Crisis”.
en. SSRN Electronic Journal. issn: 1556-5068. doi: 10.2139/ssrn.2001777.

Millock, K. (2025). “Floods and Residential Mobility in France”. Unpublished Manuscript.

Mitman, K. (2016). “Macroeconomic Effects of Bankruptcy and Foreclosure Policies”. en.
American Economic Review 106.8, pp. 2219–2255. issn: 0002-8282. doi: 10.1257/ae
r.20120512.

Ospital, A. (2025). “Housing Supply and Natural Hazards within and across US Cities”.
en. AEA Papers and Proceedings 115, pp. 380–384. issn: 2574-0768, 2574-0776. doi:
10.1257/pandp.20251037.

Ostriker, A. and A. Russo (2024). “The effects of floodplain regulation on housing mar-
kets”. Unpublished Manuscript, Boston University.

Paxson, C. and C. E. Rouse (2008). “Returning to New Orleans after Hurricane Katrina”.
en. American Economic Review 98.2, pp. 38–42. issn: 0002-8282. doi: 10.1257/aer
.98.2.38.

Qin, S. and J. Voorheis (2026). Flood Risk, Insurance, and Housing in the United States. en.
Tech. rep. w35204. Cambridge, MA: National Bureau of Economic Research, w35204.
doi: 10.3386/w35204.

Raschky, P. A., R. Schwarze, M. Schwindt, and F. Zahn (2013). “Uncertainty of Gov-
ernmental Relief and the Crowding out of Flood Insurance”. en. Environmental and
Resource Economics 54.2, pp. 179–200. issn: 0924-6460, 1573-1502. doi: 10.1007/s1
0640-012-9586-y.

Rickard, N. (2025). “Sheltering from Climate Risks”. Unpublished Manuscript, London
Business School.

Saiz, A. (2010). “The Geographic Determinants of Housing Supply *”. Quarterly Journal
of Economics 125.3, pp. 1253–1296. issn: 0033-5533, 1531-4650. doi: 10.1162/qjec
.2010.125.3.1253.

Swiss RE (2024). How big is the protection gap from natural catastrophes where you are?
https://www.swissre.com/risk-knowledge/mitigating-climate-risk/natcat-
protection-gap-infographic.html#/.

https://doi.org/10.3386/w32579
https://doi.org/10.1016/j.jeem.2017.05.010
https://doi.org/10.1080/10527001.2020.1840131
https://doi.org/10.2139/ssrn.2001777
https://doi.org/10.1257/aer.20120512
https://doi.org/10.1257/aer.20120512
https://doi.org/10.1257/pandp.20251037
https://doi.org/10.1257/aer.98.2.38
https://doi.org/10.1257/aer.98.2.38
https://doi.org/10.3386/w35204
https://doi.org/10.1007/s10640-012-9586-y
https://doi.org/10.1007/s10640-012-9586-y
https://doi.org/10.1162/qjec.2010.125.3.1253
https://doi.org/10.1162/qjec.2010.125.3.1253
https://www.swissre.com/risk-knowledge/mitigating-climate-risk/natcat-protection-gap-infographic.html#/
https://www.swissre.com/risk-knowledge/mitigating-climate-risk/natcat-protection-gap-infographic.html#/


50 Chapter 1. Bailing Out Homeowners

Van Der Straten, Y. (2023). “Flooded House or Underwater Mortgage? The Implications
of Climate Change and Adaptation on Housing, Income, and Wealth”. en. SSRN Elec-
tronic Journal. issn: 1556-5068. doi: 10.2139/ssrn.4393731.

Von Ungern-Sternberg, T. (2003). “State Intervention on the Market for Natural Damage
Insurance in Europe”. en. SSRN Electronic Journal. issn: 1556-5068. doi: 10.2139/s
srn.464601.

Wagner, K. R. H. (2022). “Adaptation and Adverse Selection in Markets for Natural
Disaster Insurance”. en. American Economic Journal: Economic Policy 14.3, pp. 380–
421. issn: 1945-7731, 1945-774X. doi: 10.1257/pol.20200378.

Wang, V. (2024). “Migration as Climate Adaptation: Evidence from California Wildfires”.
Unpublished Manuscript, UCLA.

Zuzak, C., M. Mowrer, E. Goodenough, J. Burns, N. Ranalli, and J. Rozelle (2022). “The
national risk index: establishing a nationwide baseline for natural hazard risk in the
US”. en. Natural Hazards 114.2, pp. 2331–2355. issn: 0921-030X, 1573-0840. doi: 10
.1007/s11069-022-05474-w.

https://doi.org/10.2139/ssrn.4393731
https://doi.org/10.2139/ssrn.464601
https://doi.org/10.2139/ssrn.464601
https://doi.org/10.1257/pol.20200378
https://doi.org/10.1007/s11069-022-05474-w
https://doi.org/10.1007/s11069-022-05474-w


Appendices 51

Appendices

1A Empirical Appendix

Figure 1A.19: Mortgage Default after Natural Disasters (incl. Controls)

(A) Delinquencies (in ppt) (B) Foreclosures (in ppt)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on MSA-level. Regres-
sion includes time and MSA fixed effects. Small (large) disasters are defined as events causing damages
below (above) the 75th percentile of realized damages. The estimation includes regional controls such as
personal income per capita, the employment rate, the median debt-to-income ratio as well as the median
loan-to-value ratio at origination.

1B Simple Model

1B.1 Insurance choices and disaster aid without default option

Proposition 1: Without default, agents choose insurance coverage to maximize (1.2).

(i) Without government intervention, agents buy full insurance the agent buys full in-
surance ι = 1 for actuarially fair insurance prices (pι = πδ). If there exists a positive
insurance wedge (pι > πδ), agents underinsure ι < 1.

(ii) Under actuarially fair insurance (pι = πδ), government aid crowds out private in-
surance one-to-one, ι = (1− τδ), and welfare remains unchanged.

Proof: Suppose the government provides disaster aid τδpδh, funded by income tax τ . The
homeowner anticipates the disaster aid and now maximizes:

max
ι

(1− πδ) log(cB) + πδ log(cND) s.t. cB = (1− τ)y − pιιphδh

cND = (1− τ)y + (1− pι)ιphδh− phδh+ τδphδh

From the first order conditions, optimal insurance coverage is defined as

ι = 1− πδ
1− pι

(1− τδ)−
pι − πδ

(1− pι)pι
(1− τ)y
phδh

.
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Without government intervention, i.e. τδ = 0 and hence τ = 0, the optimal insurance is
defined as follows

ι = 1− πδ
1− pι

− pι − πδ
(1− pι)pι

y

phδh
.

If insurance prices are actuarially fair, pι = πδ, and the optimal insurance equals the
disaster damages ι = 1. In the presence of an insurance wedge, pι > πδ and people buy
less insurance

ι = 1− πδ
1− pι︸ ︷︷ ︸
<1

− pι − πδ
(1− pι)pι︸ ︷︷ ︸

>0

y

phδh
< 1.

In the following, I assume that insurance prices are actuarially fair (pι = πδ) to ensure
that room for government intervention does not arise mechanically via the imposed insur-
ance wedge. Then, the optimal private insurance coverage in the presence of government
intervention is ι∗ = (1 − τδ)phδh. This reflects the one-to-one crowding out of private
insurance via government disaster aid.
The government can choose τδ to maximize welfare given a balanced government budget

τy = πδτδpδh.

Using the optimal insurance choice of agents and the government budget, the maximization
problem reduces as follows:

max
τδ

πδ [log((1− τ)y − µm− ph(ε+ δ)− pιιpδh+ ιpδh+ τδpδh)]

+ (1− πδ) [log((1− τ)y − µm− phε− pιι)]

s.t. ι = (1− τδ), τ = πδτδpδh

y
, pι = πδ

⇐⇒ max
τδ

log(y − µm− phε− πδpδh)

Hence, welfare is independent of the choice of τδ as the provision of government aid crowds
out private insurance one-for-one. �

1B.2 Insurance choice and disaster aid with default option

Proposition 2: With default, agents choose insurance coverage to maximize (1.3).

(i) Conditional on default costs κ and without government intervention τδ = 0, agents
choose corner solutions of insurance coverage and mortgage prices respond accord-
ingly

ι =

0 if κ < κ̄(0)
1 else

and q =

1− πδ if κ < κ̄(0)
1 else

(ii) Providing government aid of size τδ can improve welfare if κ ∈ (max{κ, κ̄(τδ)}, κ̄(0)).

Proof: In the following, I assume that insurance prices are actuarially fair (pι = πδ) to
focus on the default option solely. Suppose agents have access to a default option, but
never choose to default, conditional on being fully insured. Hence, the utility of staying
in the home, rebuilding, and repaying the mortgage must be greater than the utility of
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defaulting. This imposes the following restriction on the utility costs of default: utility
costs of default log(κ) must be larger than a threshold value κ0.

log(y − (1− q)m− πδphδh− phξh) > log(y − phh+ qm− prhr − πδphδh)− log(κ)
⇐⇒ log(κ) > log(y − phh+ qm− prhr − πδphδh)− log(y − (1− q)m− πδphδh− phξh)

≡ log(κ0)

First, assume that agents anticipate ex ante that they will default if they are hit by a
natural disaster. Then, their maximization problem reduces to

max
ι

(1− πδ) log(cB) + πδ[log(cD)− log(κ)]

s.t. cB = (1− τ)y − (1− q)m− πδιphδh− phξh
cD = (1− τ)y − phh+ qm− prhr − πδιphδh.

Consequently, there is no benefit to holding any private disaster insurance where the
payout is conditional on rebuilding. Hence, the optimal insurance coverage equals ι = 0.
Second, assume that agents will never default even if hit by a natural disaster. Then,
the optimization problem reduces to the simple case without a default option, and the
households choose insurance coverage ι = 1− τδ.
Which of the two cases manifests can be expressed in a condition on the utility costs of
default. If default costs are sufficiently small, agents prefer ex ante to default in case of a
natural disaster and to buy no insurance at all instead of buying insurance ι = (1 − τδ).
The default threshold depends on the government aid provided.29 A household anticipates
default and buys no insurance, if

(1− πδ) log((1− τ)y − (1− q)m− phξh)
+ πδ[log((1− τ)y − phh+ qm− prhr)− log(κ)]

> log((1− τ)y − (1− q)m− πδ(1− τδ)phδh− phξh)
τ=πδτδδph

y⇐⇒ log(κ) < 1− πδ
πδ

[
log(y − (1− q)m− τδπδphδh− phξh)

− log(y − (1− q)m− πδphδh− phξh)
]

+ log(y − phh+ qm− prhr − τδπδphδh)
− log(y − (1− q)m− πδphδh− phξh) ≡ log(κ̄(τδ))

This default threshold is decreasing in the size of government aid provided, as ∂κ̄(τδ)
∂τδ

<

0. Intuitively, a higher conditional transfer by the government reduces the incentive to
default as lower default costs are required to make default attractive. By defaulting, the
household loses access to the government aid to which it would otherwise have contributed
independently of the default. For utility costs below this threshold, government aid is too

29Note that in this simple model, default is only attractive if the insurance costs are high, i.e., expected
damages are high through large destruction δ and high disaster probability π, and if home equity is low.
A sufficient condition for κ̄(0) > 0 is πδ > 1− λ, where λ is the loan-to-value ratio (m = λph).



54 Chapter 1. Bailing Out Homeowners

small to shift households’ default incentives.
Hence, for every value of utility costs of default log(κ), the government can choose the

size of government aid such that households would never default. If κ < κ̄(τδ), households
will never default and mortgage prices q reflect these choices, i.e., mortgages are risk-free
with q = 1.

First, note that if utility costs are too high, agents never default independent of aid
and there is no room for government intervention (Prop. 1). Hence, I assume in the
following that κ < κ̄(0). Government aid is welfare-improving if the expected utility
under government intervention is greater than the expected utility under laissez-faire.

log((1− τ)y − phξh)
> (1− πδ) log(y − (1− q)m− phξh) + πδ[log(y − phh+ qm− prhr)− log(κ)]

⇐⇒ log(κ) > 1− πδ
πδ

(
log(y − (1− q)m− phξh)− log(y − πδphδh− phξh)

)
+ log(y − phh+ qm− prhr)− log(y − πδphδh− phξh) ≡ log(κ)

Conditional on a degree of public insurance τδ and κ < κ̄(τδ), government aid is wel-
fare improving for sufficiently large default costs κ > κ. Given the one-to-one crowding
out, the size of government aid τδ only matters for removing the default option from the
household choice set, but does not affect the consumption under the staying in the house
post-natural disaster scenario. Therefore, κ is independent of τδ.

It is left to show that the set (κ, κ̄(0)) is non-empty. It is equivalent to show that
log(κ̄(0))− log(κ) > 0.

log(κ̄(0))− log(κ) =1− πδ
πδ

[
log(y − (1− q)m− phξh)− log(y − (1− q)m− πδphδh− phξh)

]
+ log(y − phh+ qm− prhr)− log(y − (1− q)m− πδphδh− phξh)

−
[1− πδ

πδ

(
log(y − (1− q)m− phξh)− log(y − πδphδh− phξh)

)
+ log(y − phh+ qm− prhr)− log(y − πδphδh− phξh)

]
=1− πδ

πδ

[
log(y − πδphδh− phξh)− log(y − (1− q)m− πδphδh− phξh)︸ ︷︷ ︸

>0

]
+ log(y − πδphδh− phξh)− log(y − (1− q)m− πδphδh− phξh)︸ ︷︷ ︸

>0

> 0

For completeness, I show that the initial assumption of κ > κ0 does not limit the result.
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For this, I show that κ0 < κ̄(0), or equivalently log(κ̄(0))− log(κ0) > 0.

log(κ̄(0))− log(κ0) =1− πδ
πδ

[
log(y − (1− q)m− phξh)− log(y − (1− q)m− πδphδh− phξh)

]
+ log(y − phh+ qm− prhr)− log(y − (1− q)m− πδphδh− phξh)

−
[

log(y − phh+ qm− prhr − πδphδh)

− log(y − (1− q)m− πδphδh− phξh)
]

=1− πδ
πδ

[
log(y − (1− q)m− phξh)− log(y − (1− q)m− πδphδh− phξh)︸ ︷︷ ︸

>0

]
+ log(y − phh+ qm− prhr)− log(y − phh+ qm− prhr − πδphδh)︸ ︷︷ ︸

>0

> 0

�

1C Quantitative Model

1C.1 Full definition of household decision problem

Consider the decision problems faced by agents after the labor productivity shock is real-
ized, the insurance coverage decision, and the natural disaster is realized. I abstract from
the insurance coverage choice as a state variable as this choice only affects liquid assets.
Hence, liquid assets b(ι, δ) can be interpreted as liquid assets after having paid insurance
premiums and potentially having received insurance claims and government aid. For sim-
plicity, I write b ≡ b(ι, δ).

A homeowner who decides to stay performing solves the following problem

W own
perf (b, h,m, z, δ) = max

b′
u(c, ψhh) + βπSEV own(b′, h,m′, z′, δ′)

s.t. c =(1− τ)wz + (1 + r)b− b′ − (δ + ζ)phh− µm+ Γ
b′ ≥ bmin
m′ = (1 + rm − µ)m

where τ is a labor income tax and Γ are governmental transfer payments. A delinquent
homeowner faces the same choices as a performing homeowner, but does not make any
mortgage payments and faces a disutility κ:

W own
del (b, h,m, z, δ) = max

b′
u(c, ψhh)− κ+ βπSEV own(b′, h,m′, z′, δ′)

s.t. c =(1− τ)wz + (1 + r)b− b′ − (δ + ζ)phh+ Γ
b′ ≥ bmin
m′ = (1 + rm)m

A household that decides to buy a new house chooses the optimal house size h from
the discrete set of houses H, a corresponding mortgage m subject to a loan-to-value limit
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λ, and savings in liquid bonds b′:

W buy
perf (b, z) = max

h∈HO

{
W

buy,h1
O

perf (b, z), ...,W buy,h
NO
O

perf (b, z)
}

with

W buy,h(b, z) = max
m,b′

u(c, ψhh) + βπSEV own(b′, h,m′, z′, δ′, k)

s.t. c =(1− τ)wz + (1 + r)b− b′ + q(b′, h,m, z)m+ Γ− ph(1 + ζ)h
b′ ≥ bmin
m ≤ λphh

A renter who stays a renter chooses liquid savings b′ and the optimal size of the rental
unit hR ∈ HR:

W rent
new (b, z, k) = max

hR∈HR
{W rent

perf (b, hR1 , z, k),W rent
perf (b, hR2 , z, k), ...}

with

W rent,hR
perf (b, z) = max

b′
u(c, hR) + βπSEV rent

perf (b′, z′)

s.t. c = (1− τ)wz + (1 + r)b− b′ − prhR + Γ
b′ ≥ bmin

A renter with a bad credit history chooses liquid savings b′ and the size of the rental unit
hR:

W rent
for (b, ω, z) = max

hR∈HR
{W rent,h1

R
for (b, ω, z), ...,W rent,h

NR
R

for (b, ω, z)}

with

W rent,hR
for (b, ω, z) = max

b′
u(c, hR)− κ+ βπSEV rent

for (b′, ω, z′)

s.t. c = max{y, (1− τ)(1− ω)wz}+ (1 + r)b− b′ − prhR + Γ
b′ ≥ bmin

1C.2 Equilibrium Definition

To ease notation, denote the vector of individual states for homeowners and renters
as xh := (b, h,m, z, δ, k) ∈ Xh and xr := (b, ω, z, k) ∈ Xr. Let Ω be the distribu-
tion of agents over the state space. Given a risk-free interest rate r, wages w and
government policies P = (τ, τ̄δ, πR,M), a stationary equilibrium consists of value func-
tions v = {V own(xh), V rent

perf (xr), V rent
for (xr)}, policy functions f∗ = {b′∗(xh), c∗(xh), ι∗(xh),

S∗(xh), D∗(xh), R∗(xh), b′∗(xr), c∗(xr), h∗(xr),m∗(xr), R∗(xr)}, an invariant distribution
Ω, mortgage pricing functions q(xh), qdel(xh), and house pricing functions ph(Ω), pr(ph)
such that for all regions k

• Households Maximization: Given prices, pricing functions, and policies, the
value functions solve the household problem and f∗ are associated policy functions.
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• Zero Profit Mortgages: Given f∗ and P, q and qdel solve (1.13) and (1.14) for
any contract traded in equilibrium.

• Zero Profit Insurance Contracts: The insurance pricing equation 1.22 holds for
any insurance contract traded in equilibrium.

• Profit maximization: Firms in the construction sector maximize profits (1.16)
with associated labor demand NH(k) and housing construction Hnew(k).

• Labor market clearing: The labor market clears at wage w = ΘC , and labor
demand in the final good sector is determined residually NC(k) = 1−NH(k).

• Rental market clearing: Given the rental price pr determined by (1.20), the rental
market clears

H ′R(k) =πS
[ ∫

[R∗(xri ) + (1−R∗(xri ))(1− πH)]h∗i (xri )di

+ πH

∫
S∗(xhi )[R∗(xhi ) + (1−R∗(xhi ))(1− πH)]h∗i (xhi )

+ (1− πD(xhi ,M))
∫

(1− S∗(xhi ))D∗(xhi )h∗i (xhi )di
]

+ (1− πS)
∫
R∗(xri )h∗i (xri )di

(1.26)

where the left-hand side represents the total supply of rental units, and the right-
hand side represents the total demand from previous renters, households that suc-
cessfully sell their homes to become renters, foreclosed homeowners who are forced
to become renters, and newborn agents who stay renters.

• Housing market clearing: Prices ph(δ) clear the regional housing markets such
that after all decisions are made, the following equality holds

Hsold(k) +Hforeclosed(k) + (1− πS)HO(k) +Hnew(k)
=Hbuy(k) + [H ′R(k)− (1−

∑
i∈S,L

πiδi)HR(k)] + ζH ′R(k) + ζHO(k) (1.27)

The left-hand side equals total inflows into the housing market: undamaged houses
sold by previous homeowners (1.28), undamaged foreclosed homes (1.29), homes of
deceased agents, and newly constructed housing units. The right-hand side rep-
resents total outflows from the housing market: housing units purchased by new
buyers (1.30) and by the rental agency, as well as owners’ and the rental agency’s
investment to offset housing depreciation. These terms are defined as follows

Hsold(k) =πSπH
∫
S∗(xhi )(1− δi)h∗i (xhi )di (1.28)

Hforeclosed(k) =πS
∫

[S∗(xhi )(1− πH) + (1− S∗(xhi ))]

·D∗(xhi )(1− πD(xhi ,M))(1− δi)h∗i (xhi )di
(1.29)



58 Chapter 1. Bailing Out Homeowners

Hbuy(k) =πSπH
(
πH

∫
S∗(xhi )(1−R∗(xhi ))h∗i (xhi )di

+
∫

(1−R∗(xri ))h∗i (xri )di
)

+ (1− πS)πH
∫

(1−R∗(xri ))h∗i (xri )di

(1.30)

• Final good market clearing: The final good market clears in every region:

YC(k) =
∫
c∗i (xhi )di+

∫
c∗i (xri )di+ qR(k)HR(k) + qιpι

∫
ι∗i (xhi )di

+ επ2
H

∫
S∗(xhi )(1−R∗(xhi ))pBh (Ω)h∗i (xhi )di

+ επH

∫
(1−R∗(xr))pBh (Ω)h∗i (xri )di

+ εF

∫
[S∗(xhi )(1− πH) + (1− S∗(xhi ))]

·D∗(xhi )(1− πD(xhi ,M))h∗i (xhi )di

(1.31)

where the right-hand side represents non-durable consumption of owners and renters,
the operation costs of the rental agency and private insurance firm, the transaction
costs of new home purchases by previous owners as well as new home buyers, and
the loss from foreclosure.

• Balanced government budget: The government budget constraint holds (1.23),
with lump-sum transfers Γk adjusting to balance budget.

1C.3 Welfare

To compare households’ welfare across different steady states under counterfactual policy
regimes, I use the welfare criterion based on ex-ante expected utility W defined as

W =
∫
V (x)dΩ (1.32)

I express changes in welfare in consumption equivalence variation. Hence, I find the con-
stant proportional increment of benchmark consumption ∆CEV for each state combination
under the baseline disaster policy design that yields the same expected utility under an
alternative policy scenario. Define c∗, h∗

(
c̃, h̃

)
optimal consumption and housing choices

under the baseline policy (under a counter-factual policy design). Then, I need to find
∆CEV such that the following equation holds:

E
∞∑
t=0

βtπS

[
(∆CEV c)α(ψh(1− δ)h)1−α]1−σ

1− σ = E
∞∑
t=0

βtπS

[
(c̃)α(ψh(1− δ)h̃)1−α

]1−σ
1− σ

(1.33)
Then, ∆CEV is given by

∆CEV =
(
W̃

W ∗

) 1
α(1−σ)

(1.34)

I calculate this measure for the aggregate economy and for different income levels and
region-specific welfare effects.
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1D Solving the Model

I follow Druedahl (2021) to solve the household problem computationally efficiently in
Julia. I apply the proposed nested endogenous grid method algorithm with upper envelope
(NEGM) and adjust the computation for my specific case with multiple continuous and
discrete choices, where the choice set depends on current state variables.

A main computational improvement is achieved by nesting the household problem.
More precisely, I separate the consumption savings choice from the other continuous and
discrete choices. Therefore, I can precompute the continuation value on a grid of post-
decision variables.

I first solve the consumption-savings problem using the NEGM for the owner, renter,
and foreclosed owner problems. I do not solve the buyer problem separately, as this can be
reduced to a two-dimensional problem where only mortgages m and housing h are chosen
using the solution of the owner problem.

I solve the household problem for each region separately. Therefore, I suppress the state
variable k for simplicity. The state space consists ofN = (b, h,m, z, δ, ω,O, C, IF , IR, IP , IH)
with liquid assets b, housing h, mortgage m, labor productivity z, natural disaster shock
δ, housing ownership status O, and credit status C, foreclosure shock IF , recourse shock
IR, leaving recourse state shock IP , finding house shock IH . The state-dependent choice
set M is defined as follows:

M =


b′, h′,m′,O′, C′, ι if O = own

b′, h′,m′,O′ if O = rent and C = 1
b′ if O = rent and C = 2

(1.35)

I define the variable cash-on-hand x = (1 + r)b+ (1− τ)wz+Q(M,N ) that reflects post-
tax labor income plus beginning-of-period liquid assets plus the additive costs/benefits of
choices made before the consumption-savings decision as well as realizations of stochastic
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variables.

Q(M,N ) =



p((1− ε)(1− δ)h− h′)− (1 + rm)m if O = own and O′ = own

+qm′ + min{ι, phδh} − ιpι and (h 6= h′ or m 6= m′) and IH = 1

−µm− phδh+ min{ι, phδh} − ιpι if O = own and O′ = own

+ max{0,min{phδh− ι, τ̄δ}} and (h 6= h′ or m 6= m′) and IH = 0

−µm− phδh+ min{ι, phδh} − ιpι if O = own and O′ = own

+ max{0,min{phδh− ι, τ̄δ}} and (h = h′ and m = m′) and D = 0

−phδh+ min{ι, phδh} − ιpι if O = own and O′ = own

+ max{0,min{phδh− ι, τ̄δ}} and (h = h′ and m = m′)
and D = 1 and IF = 0

max{η,min{bexemp − b, 0}} if O = own and O′ = rent

and D = 1 and IF = 1

p(1− ε)h− (1 + rm)m if O = own and O′ = rent

−phh′ + qm′ if O = rent and O′ = own and IH = 1

0 else

Further, I define a matrix of feasible transitions of size (Nb ·Nh ·Nm ·Nz ·Nj ·Nδ ·Nω ·
NT ·NC · 2 · 2 · 2 · 2)× (Nb ·Nh ·Nm ·Nz ·Nj ·Nδ ·Nω ·NT ·NC · 2 · 2 · 2 · 2). Each entry
equals one if the transition from one state combination to the other is feasible.

1D.1 Consumption-Saving Choice of Homeowner

I define the following post-decision variables that are important inputs for the consumption
saving decision: end-of-period liquid assets a = x − c, housing h′, mortgages m′ = (1 +
rm)m− I[D = 0]µm, labor productivity z, ownership status O′. I solve the consumption
saving decision of the keeper on a grid of cash-on-hand values. Then, I interpolate the
keeper value for cash-on-hand values implied by the state combinations. Define the post-
decision value function

w(a, h′,m′, z) = βEv(b, h,m, z, δ, ω,O, C, IF , IR, IP , IH)

I solve the following problem using EGM

ṽkeep(x, h′,m′, z) = max
c
u(c, ψhh′) + w(a, h′,m′, z, ) s.t. a = x− c ≥ 0 (1.36)
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The Euler Equation is

uc = α(ψh(1− δ)h′)(1−α)(1−σ)cα(1−σ)−1

uc(c, ψhh′) = q ⇐⇒ α(ψh(1− δ)h′)(1−α)(1−σ)cα(1−σ)−1 = q

c =
(

q

α(ψh(1− δ)h′)(1−α)(1−σ)

) 1
α(1−σ)−1 (1.37)

1D.2 Consumption-Saving and Housing Choice of Renters

The only post-decision variables that are important for the Bellman equation are con-
temporaneous housing (chosen in the step prior to the consumption saving decision),
end-of-period assets a = x− c, and labor productivity z. I define the post-decision value
function

w(a, z) = βEv(x′, z′)

I solve the following problem using EGM

ṽrent(x, h, z) = max
c
u(c, h) + w(a, z) s.t. a = x− c ≥ 0 (1.38)

Given the optimal consumption-saving decision, a renter decides which house size to rent
from the set of discrete houses HR.

vrent(x, z) = max
h∈HR

ṽrent(x, h, z) (1.39)

1D.3 Consumption-Saving and Housing Choice of a foreclosed Home-
owner

The only post-decision variables that are important for the Bellman equation are con-
temporaneous housing (chosen in the step prior to the consumption saving decision),
end-of-period assets a = x− c, wage garnishment ω, and labor productivity z. I define the
post-decision value function

w(a, z, ω) = βEv(b′, z′, ω)

I solve the following problem using EGM

ṽforcl(x, h, z, ω) = max
c
u(c, h) + w(a, z, ω) s.t. a = x− c ≥ 0 (1.40)

Given the optimal consumption-saving decision, a renter decides which house size to rent
from the set of discrete houses HR.

vforcl(x, z, ω) = max
h∈HR

ṽforcl(x, h, z, ω) (1.41)

1D.4 Consumption-Saving and Housing Choice of a Buyer

I use the value function and policy function from the owner-keeper problem. I interpolate
both functions based on cash-on-hand x̃(h′,m′) for a buyer, where I account for mortgage
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issuance, house purchase, and transaction costs. Then, the three-dimensional problem of
finding c, h′,m′ reduces to a two-dimensional problem.

vbuy(x, z) = max
h′,m′

ṽkeep(x̃, h′,m′, z) s.t. x̃ = x− ph(1 + ε)h′ + qm′ and m′ ≤ λphh′

(1.42)
Optimal savings / consumption is obtained by interpolating the policy function for the
corresponding value of cash-on-hands x̃(b′, h′).

1E Calibration

Figure 1E.20: Segmentation of housing market

<750 sqrft 750-1499 sqrft 1500-2499 sqrft > 2499 sqrt
Total number of rooms

Owner
Renter

Note: The figure plots the distribution of four different home size groups (by square feet) for owners in
red and renters in blue. Source: American Housing Survey, 2021.

1E.1 Initial asset distribution

Following Kaplan and Violante (2014), I target the correlation between initial earnings and
liquid wealth. For this purpose, I use the 2019 SCF and restrict the sample to households
younger than 30. Although 30 does not coincide with the entry age in my model, I focus
on this broader sample because limiting the analysis to households up to age 20 would
yield too few observations. I divide households into three income groups, defined by the
30th and 70th percentiles of the income distribution. Within each group, I compute (i) the
share of households with zero liquid wealth and (ii) the median liquid-wealth-to-income
ratio conditional on positive liquid wealth. Agents in the model are then initialized so
that a fraction equal to the empirical share has zero liquid wealth, while the remaining
fraction is assigned the group-specific median liquid-wealth-to-income ratio. Table 1E.6
reports these statistics—the share of households with zero liquid wealth and the median
liquid-wealth-to-income ratio—for both the full sample and the subsample of households
younger than 30.
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Table 1E.6: Liquid Wealth by Income

Share with zero liquid wealth Median liquid wealth over income
All < 30 years All < 30 years

Aggregate 0.050 0.078 0.88 0.070

By Income
Low 0.132 0.148 0.060 0.082
Middle 0.026 0.075 0.058 0.044
High 0.002 0.009 0.200 0.106

Note: The table reports summary statistics on liquid assets holdings by income groups for the whole
population and households below 30 years based on the Survey of Consumer Finances, 2019.
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Table 1E.7: External Calibration of Parameters

Parameter Value Source/Details
Utility
β Discounting 0.98 6-month frequency
α Consumption share 0.859 Mitman (2016)
σ CRRA parameter 2 Standard assumption
πS Survival probability 0.99 Life expectancy of 50 years

σS , σR Variances of taste shock 0.1 Smoothing parameter

Income process
ρz Autocorrelation 0.97 Kaplan, Mitman, et al. (2020)
σz Standard deviation 0.2 Kaplan, Mitman, et al. (2020)

Financial markets
b Budget constraint 0 No uncollateralized borrowing
πF Probability of foreclosure 0.015 Own estimation
εF Inefficiency of foreclosure 0.22 Kaplan, Mitman, et al. (2020)
ω̄ Maximum garnishment 0.15 Federal Wage Garnishment Law
πP Leaving garnishment stage 0.1 Avg. duration of 5 yrs (Chapter 13)
r Risk free rate 0.00885 Average Fed Funds rate (6-month freq.)

rm
r − 1 Intermediation wedge 0.33 Mitman (2016)
λ LTV limit 0.8 Berger et al. (2018)

bexemp Asset exemptions 0.46 U.S. wild card exemptions

Housing
ε Transaction costs 0.07 Kaplan and Violante (2014)

NHR Number of grid points 3 AHS (2021)
NHO Number of grid points 3 AHS (2021)
∆H Normalized grid points [1, 2.1, 3.7, 6.2] AHS (2021)
ζ Maintenance costs 0.0075 Kaplan, Mitman, et al. (2020)

Production
Θ Labor productivity 1 Normalize total output to one
ξ Labor share of production 0.6 Kaplan, Mitman, et al. (2020)

Government
τ0 Baseline income tax 0.136 Average income tax paid in the US
τ̄δ Maximum disaster aid 1.26 Normalized maximum grants (FEMA)
πR Probability of recourse 0.1 Mitman (2016)

Natural disasters
δ Relative destruction [0, 0.12, 0.66] NFIP claims transactions

πlow Probability of damages [0,0.0006, 0.0002] Based on the National Risk Index
πhigh Probability of damages [0,0.0033, 0.0012] Based on the National Risk Index

Private insurance
qι Administrative fees 0.33 Expense ratios of policy claims
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1F Model Validation

Table 1F.8: Regional data moments

Low-risk regions High-risk regions
N Mean SE N Mean SE Difference

GDP (p.c.) 2,543 57.96 15.15 514 55.86 5.28 2.09
Owner costs (w/o mortgage) 682 1,154 93 142 1,813 272 659∗∗∗
Number of rooms 682 5.8 0.02 142 5.3 0.03 -0.5∗∗∗
Percent with mortgage 679 64.8 0.3 139 60.6 0.8 4.2∗∗∗
Homeownership rate 682 67.5 0.3 142 65.6 0.7 -1.9∗∗∗

Note: The table plots summary statistics based on the American Community Surveys 2010-2020 and
data on GDP 2001-2020 provided by the U.S. Bureau of Economic Analysis (BEA). County-level data are
aggregated to low-risk and high-risk regions based on the classification strategy explained in the main text.

Figure 1F.21: Insurance Payments over the Income Distribution

Note: The figure plots data moments against moments generated by the model for each income group. The
left panel plots yearly insurance payments over house value in the model. The right panel plots median
yearly homeowner insurance payments (covering more than only natural disaster damages) over house
value. Data moments are based on the American Housing Survey 2019.

1F.1 Model-Based Simulation of Impulse Response Functions

The simulation begins from the stationary distribution of performing, non-garnished homeowners—
those with mortgage delinquency tenure T = 1 and no garnishment (ω = 0)—in disaster
state D at time t. At each horizon, the delinquency rate is computed as the expected
mortgage-weighted default probability per unit of initial mortgage mass, using the same
denominator throughout to ensure comparability across horizons.

At t, the delinquency rate equals the expected default probability E[prob default(b, h,m, z,D)],
weighted by leverage and house size, and read directly from the policy functions.

At t+k (k = 1, 2, 3), states are propagated forward as follows. Households that retained
their home in the previous period with probability prob keep (bilinearly interpolated in
liquid assets b and leverage m) transition to next-period liquid assets b′ = bop(b, h,m, z,D)
and leverage m′ = (1+rm−µ)m, where the latter reflects amortization from the stationary
distribution. Income z′ is drawn from the discretized AR(1) transition matrix and the dis-
aster state D′ is drawn i.i.d. from πD. The expected default probability at (b′, h,m′, z′, D′)
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is obtained by bilinear interpolation of prob default over the (b,m) grid. Households that
voluntarily sell or are foreclosed exit the tracked population and contribute zero to delin-
quency in subsequent periods. The numerator at t+ k therefore captures the probability
of defaulting exactly k periods after the initial disaster, conditional on having remained a
performing homeowner in each intervening period.

1G Model Results

Table 1G.9: Homeowners remaining in their homes after disasters - policy comparison

∆%
τ̄δ = 0 M = 0 No aid CF 1 CF 2 CF 3 CF 4

Aggregate -34.3 -0.1 -34.4 -33.5 0.3 -16.1 0.3

Low risk
All -32.6 0.2 -32.7 -31.9 0.3 -14.6 0.4
Low income -62.0 0.4 -62.1 -59.1 -0.5 11.6 -0.2
Middle income -28.9 -0.2 -29.0 -28.8 1.8 -29.8 0.0
High income -11.0 1.1 -11.1 -12.0 -1.7 -9.6 2.8
High risk
All -39.4 -1.0 -39.5 -37.8 0.2 -20.4 0.0
Low income -70.6 0.1 -70.6 -70.1 -1.8 11.8 0.1
Middle income -32.4 -0.2 -32.5 -32.9 1.0 -32.5 0.0
High income -34.2 -2.9 -34.3 -29.5 0.4 -28.4 0.0

Note: This table plots the percentage change in the share of homeowners remaining in their homes after
being hit by a natural disaster comparing alternative policy scenarios to the baseline steady state. Each
column represents one the following counterfactuals: (τ̄δ = 0) removing rebuilding grants, (M = 0)
removing the foreclosure moratorium, (No aid) removing both rebuilding grant and foreclosure moratorium,
(CF 1) providing only an insurance subsidy, (CF 2) making rebuilding grants independent of insurance
coverage, and (CF 3) providing insurance-independent rebuilding grants to low-income homeowners only.
As last counterfactual (CF 4), government aid is financed through a tax on homeowners’ housing capital.
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Figure 1G.22: Welfare changes from removing existing disaster aid - Decomposition by
income and region

Low risk region High risk region

Note: Reported welfare changes are consumption equivalence variation from baseline steady state (in %)
by region for the counterfactual of removing both, financial aid and the foreclosure moratorium. Along the
x-axis, I plot the income-specific welfare changes allowing for (i) the baseline with all general equilibrium
effects, (ii) only adjustments of mortgage prices holding house prices fixed, and (iii) holding house prices
and mortgage prices fixed.

Figure 1G.23: Welfare - Role of Regional Cross-subsidization

Note: Reported welfare changes are consumption equivalence variation from baseline steady state (in %) for
the counterfactual of removing both, financial aid and the foreclosure moratorium. Along the x-axis, I plot
the aggregate and region-specific welfare changes under (i) the baseline scenario with cross-subsidization
and (ii) with region-specific aid only.
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Table 1G.10: Delinquencies and foreclosures - policy comparison

∆%
τ̄δ = 0 M = 0 No aid CF 1 CF 2 CF 3 CF 4

Delinquency rates
Total -0.63 -0.78 -0.66 -0.95 1.91 2.08 -1.38
By risk exposure
Low-risk region -0.35 -1.19 -0.36 -0.57 1.76 0.73 -1.66
High-risk region -1.52 0.52 -1.59 -2.17 2.39 6.30 -0.51

Foreclosure rates (all)
Total 12.24 -0.47 12.32 10.36 3.44 2.29 -1.49
By risk exposure
Low-risk region 6.78 -1.06 6.82 5.97 2.66 0.00 -1.73
High-risk region 24.78 0.88 24.94 20.46 5.22 0.00 -0.95

Foreclosure rates (only “involuntary” foreclosures)
Total -0.53 -0.55 -0.43 -0.84 2.03 2.32 -1.38
By risk exposure
Low-risk region -0.31 -1.08 -0.25 -0.51 1.82 0.85 -1.66
High-risk region -1.25 1.13 -0.99 -1.86 2.71 6.95 -0.50

Foreclosure rates (only “consensual” foreclosures)
Total 74.78 -0.07 74.75 65.21 10.32 -80.45 -2.03
By risk exposure
Low-risk region 74.20 -0.79 74.17 67.64 10.69 -86.33 -2.39
High-risk region 75.15 0.39 75.12 63.65 10.08 -76.68 -1.80

Note: This table plots the percentage change in the delinquency rates as well as foreclosure rates com-
paring alternative policy scenarios to the baseline steady state. Each column represents one the following
counterfactuals: (τ̄δ = 0) removing rebuilding grants, (M = 0) removing the foreclosure moratorium,
(No aid) removing both rebuilding grant and foreclosure moratorium, (CF 1) providing only an insur-
ance subsidy, (CF 2) making rebuilding grants independent of insurance coverage, and (CF 3) providing
insurance-independent rebuilding grants to low-income homeowners only. As last counterfactual (CF 4),
government aid is financed through a tax on homeowners’ housing capital. The “involuntary” foreclosures
refer to foreclosed homeowners who stopped making mortgage payments hoping to stay delinquent until the
subsequent period. “Consensual” foreclosures refers to homeowners who cannot afford to stay delinquent
as the rebuilding expenditures are higher than their disposable income.
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Table 1G.11: Delinquencies by income and region - policy comparison

τ̄δ = 0 M = 0 No aid CF 1 CF 2 CF 3 CF 4

Low-risk region
Low income
No damage 0.02 -0.08 0.02 0.04 0.02 -0.02 -0.13
Small damage 5.85 -1.28 5.26 4.34 -0.36 -0.07 -0.20
Large damage -38.17 -0.82 -38.22 -38.28 -36.40 -33.45 0.53
Middle income
No damage 0.00 -0.02 0.00 0.00 -0.01 0.00 -0.02
Small damage -0.11 -0.44 -0.50 -0.49 -0.06 -0.12 -0.03
Large damage -1.79 -0.47 -1.93 -1.78 0.19 -1.62 0.06
High income
No damage -0.01 0.01 -0.01 -0.02 0.02 0.01 0.03
Small damage -0.12 -0.16 -0.27 -0.26 0.02 -0.10 0.03
Large damage -0.67 -0.24 -0.78 -0.79 -0.39 -0.67 -0.08
High-risk region
Low income
No damage 0.16 0.04 0.16 0.22 0.36 0.08 0.00
Small damage 5.40 -1.12 4.80 5.06 0.15 0.07 0.01
Large damage -40.18 0.37 -40.24 -40.22 -37.52 -35.41 0.13
Middle income
No damage 0.02 0.00 0.02 0.03 0.03 0.04 0.00
Small damage -0.13 -0.41 -0.50 -0.49 -0.03 -0.10 0.00
Large damage -1.97 -0.45 -2.09 -2.00 -0.20 -1.81 0.00
High income
No damage -0.25 -0.02 -0.25 -0.20 0.04 -0.19 -0.01
Small damage -0.36 -0.23 -0.50 -0.45 0.05 -0.29 -0.01
Large damage -0.79 -0.21 -0.89 -0.86 -0.28 -0.75 0.03

Note: This table documents the percentage point changes in the delinquency rates comparing alternative
policy scenarios to the baseline steady state by region and income. Each column represents one the follow-
ing counterfactuals: (τ̄δ = 0) removing rebuilding grants, (M = 0) removing the foreclosure moratorium,
(No aid) removing both rebuilding grant and foreclosure moratorium, (CF 1) providing only an insur-
ance subsidy, (CF 2) making rebuilding grants independent of insurance coverage, and (CF 3) providing
insurance-independent rebuilding grants to low-income homeowners only. As last counterfactual (CF 4),
government aid is financed through a tax on homeowners’ housing capital.
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Table 1G.12: “Involuntary” foreclosures by income and region - policy comparison

τ̄δ = 0 M = 0 No aid CF 1 CF 2 CF 3 CF 4

Low-risk region
Low income
No damage 0.0003 -0.0012 0.0003 0.0006 0.0003 -0.0003 -0.0020
Small damage 0.0442 0.0163 0.1159 0.0328 -0.0027 0.0348 -0.0015
Large damage -0.2885 0.2847 -0.2849 -0.2892 -0.2751 -0.2122 0.0040
Middle income
No damage 0.0000 -0.0003 0.0000 0.0000 -0.0002 0.0000 -0.0004
Small damage -0.0009 0.0077 0.0067 -0.0037 -0.0004 0.0125 -0.0002
Large damage -0.0136 0.0133 -0.0090 -0.0135 0.0014 -0.0041 0.0005
High income
No damage -0.0002 0.0002 -0.0002 -0.0002 0.0003 0.0001 0.0004
Small damage -0.0009 0.0044 0.0028 -0.0020 0.0001 0.0054 0.0002
Large damage -0.0051 0.0063 -0.0020 -0.0060 -0.0029 -0.0002 -0.0006
High-risk region
Low income
No damage 0.0025 0.0005 0.0025 0.0033 0.0055 0.0012 0.0000
Small damage 0.0408 0.0183 0.1085 0.0382 0.0012 0.0364 0.0000
Large damage -0.3036 0.3185 -0.2998 -0.3039 -0.2835 -0.2263 0.0010
Middle income
No damage 0.0003 0.0000 0.0003 0.0004 0.0004 0.0006 0.0000
Small damage -0.0009 0.0081 0.0067 -0.0037 -0.0002 0.0127 0.0000
Large damage -0.0149 0.0148 -0.0103 -0.0151 -0.0015 -0.0059 0.0000
High income
No damage -0.0038 -0.0003 -0.0038 -0.0031 0.0006 -0.0028 -0.0001
Small damage -0.0027 0.0047 0.0007 -0.0034 0.0004 0.0038 0.0000
Large damage -0.0060 0.0068 -0.0034 -0.0065 -0.0021 -0.0013 0.0002

Note: This table documents the percentage point changes in the foreclosure rates comparing alternative
policy scenarios to the baseline steady state by region and income. Each column represents one the follow-
ing counterfactuals: (τ̄δ = 0) removing rebuilding grants, (M = 0) removing the foreclosure moratorium,
(No aid) removing both rebuilding grant and foreclosure moratorium, (CF 1) providing only an insur-
ance subsidy, (CF 2) making rebuilding grants independent of insurance coverage, and (CF 3) providing
insurance-independent rebuilding grants to low-income homeowners only. As last counterfactual (CF 4),
government aid is financed through a tax on homeowners’ housing capital. The “involuntary” foreclosures
refer to foreclosed homeowners who stopped making mortgage payments hoping to stay delinquent until
the subsequent period.
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Table 1G.13: “Consensual” foreclosures by income and region - policy comparison

τ̄δ = 0 M = 0 No aid CF 1 CF 2 CF 3 CF 4

Low-risk region
Low income
No damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Small damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Large damage 34.5876 -1.1477 34.5836 36.0742 1.0983 -47.1141 -1.8789
Middle income
No damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Small damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Large damage 2.1732 -0.0668 2.1744 0.6697 0.9897 0.7856 -0.1159
High income
No damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Small damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Large damage 0.1921 0.0000 0.1921 0.2305 0.2907 0.2351 0.0000
High-risk region
Low income
No damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Small damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Large damage 37.9758 -0.1016 37.9735 36.7610 7.9146 -41.9458 -0.3109
Middle income
No damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Small damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Large damage 1.5007 -0.0443 1.5013 1.3369 0.5557 1.2082 0.0084
High income
No damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Small damage 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Large damage 0.3232 0.0000 0.3232 0.3050 0.1927 0.3672 0.0000

Note: This table documents the percentage point changes in the foreclosure rates comparing alternative
policy scenarios to the baseline steady state by region and income. Each column represents one the follow-
ing counterfactuals: (τ̄δ = 0) removing rebuilding grants, (M = 0) removing the foreclosure moratorium,
(No aid) removing both rebuilding grant and foreclosure moratorium, (CF 1) providing only an insur-
ance subsidy, (CF 2) making rebuilding grants independent of insurance coverage, and (CF 3) providing
insurance-independent rebuilding grants to low-income homeowners only. As last counterfactual (CF 4),
government aid is financed through a tax on homeowners’ housing capital. “Consensual” foreclosures refers
to homeowners who cannot afford to stay delinquent as the rebuilding expenditures are higher than their
disposable income.

Table 1G.14: Housing and insurance choices - Role of Cross-Subsidization

∆%
Insurance Homeownership Owner-occupied

gap rate housing stock

Low risk -0.15 0.62 0.83

High risk 0.83 -1.42 -2.14

Note: The table plots percentage deviations of steady state statistics for a scenario with baseline govern-
ment aid financed within one region compared to the baseline steady state.
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Figure 1G.24: Welfare - Role of Insurance Wedge

Note: The figure plots welfare changes in CEV % from removing government aid under (i) the baseline
assumption that the government does not face any intermediation wedge and (ii) the assumption that the
government faces the same intermediation wedge as the insurance firm.
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Table 1G.15: Steady State Comparison by Income - Removing existing disaster aid

Counterfactuals (∆%)

(0) (1) (2) (3) (4) (5) (6) (7)
Base τδ = 0 M = 0 No aid CF 1 CF 2 CF 3 CF 4

Insurance gap
Total 73.14 -48.90 1.32 -48.91 -50.69 -30.87 -35.17 1.47
Low risk
Low income 85.52 -21.73 0.05 -21.73 -28.77 -39.99 16.93 0.50
Middle income 47.45 -62.32 4.23 -62.32 -64.66 -27.81 -61.31 3.87
High income 99.00 -53.32 0.33 -53.32 -53.94 -33.53 -49.47 0.20
High risk
Low income 80.86 -11.90 -0.35 -12.11 -13.12 -26.36 23.67 -0.03
Middle income 58.48 -65.66 1.22 -65.66 -64.77 -33.41 -66.26 0.65
High income 98.75 -58.22 -0.00 -58.21 -53.25 -16.54 -52.25 0.24
Home ownership
Total 66.15 -2.30 -0.00 -2.30 -3.35 0.63 1.44 0.20
Low risk
Low income 0.51 0.18 1.52 0.17 -2.11 3.12 6.77 -1.13
Middle income 0.77 0.33 -0.61 0.33 -0.12 0.73 0.85 -0.67
High income 0.67 1.00 1.06 1.01 -0.28 2.2 1.14 3.72
High risk
Low income 0.40 -12.71 -0.68 -12.73 -19.54 -12.97 28.21 -2.21
Middle income 0.75 -3.50 -0.52 -3.50 -4.58 -2.25 -1.15 -0.46
High income 0.79 -19.00 -2.28 -19.00 -16.52 2.01 -16.33 -0.29
Owner-occupied housing stock
Total 3.75 -2.61 -0.46 -2.61 -3.73 2.49 1.44 0.28
Low risk
Low income 0.81 -0.20 1.43 -0.21 -2.64 5.39 7.59 0.53
Middle income 1.91 0.78 -1.19 0.78 0.14 1.71 1.58 -1.41
High income 1.05 0.40 0.94 0.41 -0.77 3.49 0.96 4.57
High risk
Low income 0.64 -14.70 -1.22 -14.72 -21.31 -8.07 24.7 -2.32
Middle income 1.75 -2.52 -0.94 -2.52 -4.05 2.69 0.98 -0.75
High income 1.27 -24.16 -3.24 -24.15 -21.4 2.98 -20.84 -0.60
Per-capita housing (owner)
Total 5.66 -0.40 -0.46 -0.40 -0.47 1.86 -0.02 0.07
Low risk
Low income 5.33 -0.37 -0.08 -0.38 -0.54 2.21 0.76 1.18
Middle income 6.16 0.45 -0.58 0.45 0.26 0.98 0.72 -0.63
High income 5.25 -0.60 -0.12 -0.60 -0.50 1.27 -0.18 1.16
High risk
Low income 5.26 -2.30 -0.55 -2.30 -2.2 5.63 -2.74 -0.12
Middle income 5.86 1.02 -0.42 1.02 0.56 5.05 2.16 -0.29
High income 5.37 -6.36 -0.99 -6.35 -5.85 0.94 -5.40 -0.30

Note: Column (0) reports main statics in the baseline steady state with existing disaster aid in a lenient recourse
regime. Columns (1)-(3) report percent changes from the baseline steady state for the following policy counterfactu-
als: (1) Removing rebuilding grants, (2) removing foreclosure moratorium, and (3) removing both, rebuilding grants
and the foreclosure moratorium. In addition, the table plots results of the following revenue neutral policies: (4)
providing only an insurance subsidy, (5) making financial aid independent of insurance coverage, and (6) providing
insurance-independent financial aid to low-income and middle-income homeowners only. Lastly, under (7) disaster
aid is financed through a tax on homeowners’ housing capital.
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Figure 1G.25: Welfare change from removing disaster aid - Role of the default option

(1) Including a default option

(1A) Aggregate (1B) Region-specific (1C) Income-specific

(2) Excluding the default option

(2A) Aggregate (2B) Region-specific (2C) Income-specific

Note: The figure plots welfare change from removing disaster aid from different baseline steady states, (1)
a steady state with a default option and (2) as steady state without a default option. Welfare changes
expressed in consumption equivalence variation in percent and reported for (A) the aggregate economy,
(B) by regions, and (C) for all income groups.
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1G.1 Alternative Policy Designs

Table 1G.16: Steady State Comparison by Region - Alternative Policy Designs

Insurance Lump-sum Low-income Housing
∆% subsidy grant only tax
Insurance gap
Low-risk region -50.51 -33.40 -33.92 1.88
High-risk region -51.19 -23.82 -38.65 0.33
Homeownership rate
Low-risk region -0.62 1.72 2.30 0.51
High-risk region -11.64 -2.69 -1.19 -0.72
Owner-occupied housing stock
Low-risk region -0.72 3.00 2.70 0.68
High-risk region -13.07 0.92 -2.46 -0.97

Columns report percent changes from the steady state with existing aid for policy counterfactuals.
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1G.2 Role of recourse regime

Figure 1G.26: Welfare under different levels of financial aid - Role of Recourse

(A) Aggregate Welfare (B) Region-specific Welfare

Note: The figure reports aggregate and region-specific welfare changes across various steady states that
differ in the level of the maximum grants provided to households as well as the recourse regime. Welfare
changes are expressed in consumption equivalence variation from a steady state without any financial
aid. The grant size is expressed as a share of the value of maximum damages to the largest house in the
economy.

Figure 1G.27: Insurance and housing under different levels of financial aid - Strict recourse

(A) Insurance Gap (B) Owner-occupied Housing Stock

Note: The figure reports region-specific changes in the insurance gap and the owner-occupied housing stock
across various steady states that only differ in the level of the maximum grants provided to households.
Changes are expressed in percent deviation from a steady state without any financial aid. The grant size
is expressed as a share of the value of maximum damages to the largest house in the economy.
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Figure 1G.28: Welfare changes under alternative policy designs across the income distri-
bution - Strict recourse regime

Low risk region High risk region

Note: Reported welfare changes are consumption equivalence variation from baseline steady state (in %) by
region for the following revenue neutral counterfactuals: (CF 1) providing only an insurance subsidy, (CF
2) making financial aid independent of insurance coverage, and (CF 3) providing insurance-independent
financial aid to low-income homeowners only. As last counterfactual (CF 4), disaster aid is financed through
a tax on homeowners’ housing capital.

Figure 1G.29: Welfare changes under alternative policy designs across the income distri-
bution by recourse regime

Lenient recourse (baseline) Strict recourse

Note: Reported welfare changes are consumption equivalence variation from baseline steady state (in %)
by recourse regime for the following revenue neutral counterfactuals: (CF 1) providing only an insurance
subsidy, (CF 2) making financial aid independent of insurance coverage, and (CF 3) providing insurance-
independent financial aid to low-income homeowners only. As last counterfactual (CF 4), disaster aid is
financed through a tax on homeowners’ housing capital.
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Chapter 2

Default or Declare? Households’
Responses to Natural Disasters

Abstract: This paper studies how U.S. households respond to natural dis-
aster shocks along three measures of financial distress (mortgage delinquency,
foreclosure, and bankruptcy) and how legal institutions and post-disaster liq-
uidity jointly shape these responses. Using datasets on mortgage performance,
bankruptcy filings, insurance coverage, and government aid, I document that
natural disasters raise average mortgage delinquency rates but do not uniformly
translate into higher foreclosure or bankruptcy rates. Indeed, bankruptcy rates
decline following large disasters. Part of this comes from substitution across
default channels, which is visible only when all three margins are studied to-
gether. Two institutional factors account for heterogeneity in household re-
sponses: federal disaster declarations and state-wide recourse regulations. For
non-recourse states, I document higher post-disaster foreclosure rates, while
households in recourse regions rely more heavily on bankruptcy to restructure
debt. The combination of rising delinquencies, stable or declining foreclosures,
and falling bankruptcy rates occurs after large, federally declared disasters.
This pattern is consistent with government aid helping keep households out of
more severe forms of default.

0I am grateful to Matthias Meier and Michèle Tertilt for many valuable discussions and suggestions
that significantly improved this paper. All potential errors are my own. Support by the German Research
Foundation (DFG) through CRC TR 224 (Project C05) is gratefully acknowledged.
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2.1 Introduction

Natural disasters impose large and sudden financial shocks on homeowners, who must de-
cide how to respond. They may continue servicing their mortgage, stop making payments
and risk foreclosure, or file for personal bankruptcy. These are not simply different degrees
of the same response: foreclosure is initiated by a secured lender after non-payment of a
mortgage and leads to loss of the home, while bankruptcy is a debtor-initiated legal pro-
cess that restructures or discharges debt and can allow homeowners to keep their property.
Understanding which of these paths households take, and how legal institutions shape this
decision, is essential for assessing the financial impact of natural disasters on households.

A growing empirical literature examines how disasters affect either mortgage perfor-
mance or bankruptcy filings, but largely studies these margins of financial distress in
isolation. A household that continues making mortgage payments and avoids foreclosure
is not necessarily unaffected financially. Instead, it may simply be substituting toward
bankruptcy. In that case, a decline in bankruptcy filings after a disaster would not reflect
a recovery. As a result, estimates of financial distress after disasters may understate finan-
cial distress in some environments and overstate recovery in others, depending on which
margin is observed. Thus, this paper asks: do standard measures of household financial
distress, mortgage delinquency, foreclosure, and bankruptcy move together following nat-
ural disasters, or do households substitute across these margins? And does the answer
depend on the legal and institutional environment?

Conceptually, both bankruptcy and mortgage default can be interpreted as forms of
implicit insurance against adverse shocks.1 Yet their substitutability depends on legal
institutions, in particular, whether loans are recourse or non-recourse. Mortgage recourse
regimes are likely to shape these trade-offs; both ex ante, through insurance decisions, and
ex post, through default behavior. From a conceptual perspective, natural disasters can be
interpreted as a ‘double-trigger’ event for household default. They simultaneously reduce
housing wealth—potentially pushing borrowers into negative home equity—and generate
large expenditure needs due to rebuilding. In the absence of external support, these forces
increase the incentives to default on both secured and unsecured debt. However, several
offsetting mechanisms are at play. Foreclosure moratoria and related policy interventions
reduce the short-run costs of delinquency and may encourage temporary non-payment. At
the same time, insurance payouts and government aid provide liquidity that may allow
households to continue servicing debt or even reduce outstanding debt balances. The
overall response of household distress to disasters is therefore ambiguous and must be
resolved empirically.

Using micro-level data on mortgage performance, insurance coverage and payouts,
aggregate data on bankruptcy filings, and government aid, I document several facts. At
the aggregate level, the first finding appears counter-intuitive: while mortgage delinquency
rises following disasters, foreclosure and bankruptcy responses may move in the opposite
direction, depending on the disaster’s size. Small disasters are followed by rising foreclosure
rates and increasing bankruptcy filings–consistent with a straightforward financial distress

1Related to this argument, Mahoney (2015) draws attention to the implicit insurance role of bankruptcy
in the context of health expenditure shocks and how this shapes health insurance uptake.
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story. Large disasters, by contrast, are associated with declining foreclosures and falling
bankruptcy filings. This difference motivates the paper’s central question: Does the decline
in bankruptcy after large disasters indicate genuine financial recovery, or does it reflect a
reallocation of distress towards alternative margins?

I show that the answer depends on two institutional features. First, the mortgage
recourse regime shapes which default channel households use. In non-recourse regions,
increases in foreclosure are often accompanied by stable or declining bankruptcy filings. In
recourse regions, in contrast, households rely more heavily on bankruptcy, mainly Chapter
13 filings. These patterns indicate substitution across channels, not a uniform change. This
suggests that both mortgage default and bankruptcy act as implicit insurance against
disaster shocks. Yet, their relative importance depends on the legal environment.

Second, cross-county variation in flood insurance coverage is associated with different
default responses following disasters. Regions with greater insurance coverage tend to
experience more attenuated increases in foreclosure and bankruptcy, even in the absence
of government support. Moreover, large declared disasters are followed by a simultaneous
decline in both foreclosure rates and bankruptcy filings, mostly in high-insurance regions;
a pattern consistent with an improvement in household financial conditions. In contrast,
the decline in bankruptcy filings in low-insurance, non-recourse regions is more consistent
with a substitution toward foreclosure than with a reduction in financial distress. Since
insurance take-up is endogenous, these heterogeneity results should be read as descriptive
evidence of patterns consistent with a liquidity channel, rather than as causal estimates
of the effects of insurance or government aid.

This paper contributes to the literature along several dimensions. First, while existing
work typically studies either mortgage distress or personal bankruptcy in isolation (Billings
et al. 2022; Gallagher and Hartley 2017; Lawless 2005; Roth Tran and Sheldon 2017), I
jointly analyze both outcomes. Second, I contribute to the literature on mortgage default
and recourse regulation (Ghent and Kudlyak 2011; Corbae and Quintin 2015; Andries,
et al. 2025) by showing that recourse laws govern not only whether households default,
but which default channel they use when hit by an adverse shock. Third, I provide
new evidence on heterogeneous household responses conditional on differences in private
insurance coverage and government aid (Gallagher and Hartley 2017; Biswas et al. 2023;
Kousky et al. 2020).

The paper is organized as follows. Section 2.2 provides institutional details on mortgage
markets, bankruptcy filings, and government aid in the United States. Section 2.3 presents
the data sources. Section 2.4 describes the identification strategy. Section 2.5 presents the
findings. Section 2.6 concludes.

2.2 Institutional Background

This section gives a short overview of institutional features in the U.S. that shape the
availability of households to post-disaster liquidity, the treatment of debt obligations, and
the incentives to default or seek bankruptcy protection.

Mortgage default and foreclosure Mortgage default proceeds through two stages:
first, a pause in mortgage payments (delinquency) and, second, the loss of the home
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through foreclosure. Delinquent mortgages are not immediately foreclosed upon; instead,
borrowers retain an option to continue payment. Foreclosure is the legal process by which
lenders seize the underlying collateral after a periods of delinquency. A relevant institu-
tional feature is the distinction between recourse and non-recourse mortgage laws, which
vary by state. In recourse states, lenders may pursue borrowers for any deficiency remain-
ing after foreclosure, whereas in non-recourse states, borrowers can effectively ‘walk away’
by surrendering the property without further liability.2 These differences matter following
natural disasters, as declines in property values and rebuilding expenditures affect both
default incentives and the costs of foreclosure.

Household bankruptcy U.S. personal bankruptcy law allows households to restruc-
ture or discharge unsecured debt subject to state-specific asset exemptions. Personal
bankruptcy filings primarily occur under two chapters of the U.S. Bankruptcy Code.
Chapter 7 provides for the liquidation of non-exempt assets and the full discharge of
most unsecured debts, offering a relatively quick ‘fresh start’. In contrast, Chapter 13
allows households to retain their assets while committing to a court-supervised repayment
plan over three to five years. After natural disasters, households can use bankruptcy to
address unsecured debt burdens when income shocks and uninsured losses impair their
repayment capacity.

Government aid Following a presidential disaster declaration, the federal government
provides assistance through several channels, mainly administered by the Federal Emer-
gency Management Agency (FEMA). A major component is the Individuals and House-
holds Program (IHP), which offers grants to homeowners and renters for uninsured losses,
including temporary housing and repairs to owner-occupied properties. In addition, the
U.S. Small Business Administration (SBA) provides low-interest, long-term disaster loans
to households and businesses for damages that are not covered by insurance. Government
aid may also include temporary foreclosure moratoria and forbearance measures that can
delay or prevent foreclosures in affected areas.

2.3 Data

The analysis combines multiple datasets on mortgage performance, disaster-related dam-
age, government assistance, and local economic conditions. The sample period is deter-
mined by data availability and differs across outcomes. The mortgage-related analyses
begin in 2000, while the bankruptcy-filing sample begins in 2013. To avoid confounding
effects from the COVID-19 crisis, the sample period ends prior to 2020.

Mortgage Performance I use the Fannie Mae Single-Family Mortgage Performance
Dataset, which provides monthly loan-level information on mortgage performance since

2In practice, the classification of states as strictly recourse or non-recourse is more nuanced than a
clean binary, as most states allow deficiency judgments only under specific conditions or place limits on
the amount recoverable. For the empirical analysis, I follow Ghent and Kudlyak (2011) and classify states
as recourse or non-recourse based on the enforceability of deficiency judgments after foreclosure.
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2000.3 For each loan, the dataset reports the Metropolitan Statistical Area (MSA) as well
as the state of the underlying property, which serves as collateral. Additional variables
include, among others, the outstanding mortgage balance, current delinquency status,
payment history, foreclosure completion date, and the principal write-off amount. To
construct measures of delinquency, Delinquencymst, and foreclosure, Foreclosuremst, I
aggregate the loan-level data to the monthly MSA–state level.

Delinquencymst+h = value of delinquent mortgages in MSA m and state s at time t+ h

total value of mortgages in m and state s at time t− 1

Foreclosuremst+h = value of properties foreclosed in m and state s at time t+ h

total value of mortgages in m and state s at time t− 1

Distinguishing between states within the same MSA allows me to account for state-
specific regulations that may differ within metropolitan areas. Additional outcome vari-
ables include the relative value of prepaid mortgages and mortgage write-offs.4 Table
2.1 presents summary statistics for the monthly mortgage performance measures over the
period 2000–2019. As Table 2.1 shows, most short-term delinquencies cure before tran-
sitioning into delinquency of more than 90 days. For the empirical analysis, I compute
h = 0, ..., 24 differences, winsorized two-sided at the 0.5 percent level to ensure that esti-
mates are not driven by outliers.

Table 2.1: Mortgage Performance - Summary Statistics

N Mean SD Min Max
Delinquency Rate (All) 104,392 3.20 2.64 0.00 61.00
Delinquency Rate (30-90 days past due) 104,392 1.95 1.11 0.00 48.77
Delinquency Rate (90-180 days past due) 104,392 0.41 0.50 0.00 45.28
Delinquency Rate (180 days+ past due) 104,392 0.84 1.78 0.00 32.65
Foreclosure Rate 104,392 0.04 0.10 0.00 12.61
Write-Off Rate 104,392 0.00 0.00 0.00 0.01
Prepayment Rate 104,392 1.60 1.56 0.00 100.00

Note: The table reports summary statistics for selected mortgage performance measures aggregate to a
MSA-state by month panel. All values are reported in percent. Rates are expressed in relative terms,
measured as shares of total active mortgage balances. The data are based on the Fannie Mae Single-family
Mortgage Performance Dataset for 2000-2019.

3A limitation of this dataset is that Fannie Mae covers only conforming conventional loans, which
excludes FHA, VA, and jumbo mortgages. The results should therefore be interpreted as representative of
the conforming mortgage market rather than the broader mortgage market.

4Foreclosure principal write-offs measure the outstanding loan balances that Fannie Mae or its servicers
have determined to be legally uncollectable due to the expiration of the foreclosure statute of limitations
(the statutory window, typically three to six years, within which a lender must initiate foreclosure pro-
ceedings after a borrower’s first missed payment). Since write-offs are a long-run outcome, I extend the
horizon of the impulse response functions to seven years for this measure.
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Bankruptcy Filings I use the United States Courts’ quarterly county-level bankruptcy
filings available since 2013. I define the outcome variable as bankruptcies per capita.

Bankruptcyct+h = # of bankruptcy filings in county c at time t+ h

population in county ct

The dataset contains aggregate bankruptcy filings as well as filings by chapter. On aver-
age, 61 percent of households that file for bankruptcy do so under Chapter 7. Table 2.2
summarizes the bankruptcy filings between 2013 and 2019.

Table 2.2: Bankruptcy Filings - Summary Statistics

N Mean SD Min Max
All Bankruptcy filings per capita (in %) 88,037 0.23 0.16 0.00 2.97
Chapter 7 filings per capita (in %) 88,037 0.14 0.09 0.00 1.32
Chapter 13 filings per capita (in %) 88,037 0.09 0.12 0.00 2.27

Note: The data are based on U.S. county-level bankruptcy filings by quarter provided by the United States
Courts for 2013-2019.

Natural Disasters To measure natural disaster damages, I use the Spatial Hazard Events
and Losses Database for the United States (SHELDUS), which provides monthly, county-
level estimates of property damages in U.S. dollars. I include all hazard types in the
analysis. To examine size-dependent responses, I classify disasters based on realized per
capita damages: events are small (S) if per capita damages fall below the 75th percentile
of all observed per capita damages during the sample period, and large (L) if they exceed
this threshold. Figure 2.1 illustrates the geographic distribution of small and large disas-
ters across U.S. counties.

Figure 2.1: Distribution of Natural Disasters

Small Disasters Large Disasters

Note: The figure plots the total number of small (large) disasters per county from 2000-2019. Small (large)
disasters are classified as events if the realized per capita property damages are below (above) the 75th
percentile. Damages are based on SHELDUS.

To analyze how natural disasters affect mortgage performance, I merge county-level
damage data with mortgage data aggregated at the MSA level. To do so, I assign all dam-
ages recorded in counties associated with a given MSA to the corresponding MSA–state
pair. As this mapping is imprecise, it may introduce measurement error and thus attenuate
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the estimated effects.

Flood insurance To control for regional variation in flood insurance penetration and
realized insurance payouts, I draw on two datasets from the National Flood Insurance
Program (NFIP) provided via OpenFEMA. First, I use the FIMA NFIP Redacted Claims
dataset, which contains transaction-level information on claims payments for damaged
properties processed through the National Flood Insurance Fund. The dataset comprises
more than 2 million claim transactions and includes, among other variables, the date of
loss, the amount paid on building claims, and the county where the damaged property is
located. Second, I use the FIMA NFIP Redacted Policies dataset, which provides policy-
level information on active flood insurance contracts and includes over 80 million policy
transactions since 2009. I aggregate both micro-level datasets to construct region-specific
measures (at the county and MSA-state levels) of total insurance payouts, the number of
active policies, and the total insured value.

Government assistance I use the OpenFEMA dataset Disaster Declarations Sum-
maries, which provides comprehensive information on all official FEMA disaster decla-
rations, including the associated recovery programs and the affected geographic areas. To
capture the intensive margin of government aid, I complement this with a second dataset,
Individuals and Households Program – Valid Registrations, which contains applicant-level
information on FEMA assistance provided through the Individuals and Households Pro-
gram (IHP) for each declared disaster at the county level. I aggregate these applicant-level
observations to construct regional measures of total dollar amounts disbursed to house-
holds under the IHP. As the dataset does not report the exact timing of payments, I
align disbursements with the date of the corresponding disaster declaration. Lastly, I
use the SBA Disaster Loan Data, which provides micro-level information on loans issued
through the SBA Disaster Loan Program. Following a declared disaster, the SBA offers
low-interest, long-term loans to cover damages not compensated by insurance, including
assistance to homeowners. I aggregate the approved loan amounts to construct region-
specific measures and align them with the date of the corresponding disaster declaration.

Other variables I use quarterly county-level debt-to-income ratios from the Federal
Reserve’s Enhanced Financial Accounts. In these data, household debt is constructed
using the FRBNY Consumer Credit Panel/Equifax, while household income is based on
data from the Bureau of Labor Statistics (BLS). In addition, I include a set of regional
economic controls. County-level gross domestic product and personal income, as well as
MSA-level employment, population, and personal income per capita, are obtained from the
Bureau of Economic Analysis. County-level population data come from the U.S. Census
Bureau. I further use unemployment rates from the BLS, county-level homeownership
rates from the American Community Survey, and poverty rates from the Small Area
Income and Poverty Estimates program. Finally, I use Fannie Mae loan-level data to
construct regional measures of mortgage characteristics, specifically the median debt-to-
income ratio and median loan-to-value ratio at origination.
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2.4 Empirical Setting

I estimate local projections following Jordà (2005), exploiting exogenous variation in the
realization of natural disasters. Due to data constraints, I conduct the analysis on panels
with different dimensions: mortgage performance is observed at the monthly MSA–state
level, while bankruptcy filings are measured at the quarterly county level. Accordingly,
let r ∈ {ms, c} index regions (MSA-state pairs or counties) and t denote time (months
or quarters). For the mortgage performance regression, the sample spans 2000-2020 and
contains 104,392 monthly MSA-state observations, while I analyze bankruptcy filing re-
sponses for 2013-2020 with 88,037 quarterly county observations. I define an indicator Di

r,t

that equals one if a disaster of size i ∈ {S,L} occurred in region r at time t. Disasters are
classified as small if realized damages fall below the 75th percentile of all positive damage
observations. Then, I estimate impulse response functions using the following regression
specification:

∆hYr,t+h = βShD
S
r,t + βLhD

L
r,t + αt+h + αr + ξ′Xr,t + εr,t+h (2.1)

with ∆hYr,t+h = Yr,t+h−Yr,t−1 and Xr,t a vector of region-specific controls such as personal
income per capita and employment rate.5 The outcome variable Yr,t+h captures different
measures of mortgage performance and household bankruptcy filings. Identification relies
on the assumption that, conditional on location, the occurrence of natural disasters con-
stitutes exogenous variation. To account for time-invariant regional characteristics, such
as exposure to natural disasters and disaster-mitigation regulations, I include region-fixed
effects αr. Additionally, sorting households into disaster-prone areas and differences in
local economic structures might correlate with damage and financial outcomes; however,
the fixed effects and regional controls should absorb these factors. Finally, I include time-
fixed effects to capture aggregate dynamics, such as fluctuations in house prices and the
rise in delinquencies during the Global Financial Crisis.

As discussed above, both the recourse regime and government assistance provided
through disaster declarations are likely to influence default incentives and households’
decisions to file for bankruptcy. To examine these channels, I estimate an extended speci-
fication that interacts disaster exposure with an indicator variable Rr that equals one if the
region is a recourse region.6 This recourse regulation is plausibly exogenous to individual
disaster events as it reflects long-standing state law. In addition, I classify disasters into
four mutually exclusive categories: small declared (S,D), small non-declared (S,ND),
large declared (L,D) and large non-declared disasters (L,ND).

5The set of control variables varies across panel dimensions due to data availability. At the county level,
I include personal income per capita, the unemployment rate, the homeownership rate, the household debt-
to-income ratio, the poverty rate, and the level of homestead exemptions. At the MSA level, the controls
comprise personal income per capita, the employment rate, the median debt-to-income ratio, and the
median loan-to-value ratio at origination.

6Note that regional-fixed effects absorb the time-invariant classification as recourse/non-recourse region.
Therefore, I only include the interaction of Rr.
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∆hYr,t+h =βS,NDh DS,ND
r,t + βL,NDh DL,ND

r,t + γS,NDh DS,ND
r,t Rr + γL,NDh DL,ND

r,t Rr+
δS,Dh DS,D

r,t + δL,Dh DL,D
r,t + θS,Dh DS,D

r,t Rr + θL,Dh DL,D
r,t Rr+

αt+h + αr + ξXr,t + εr,t+h

(2.2)

As a further extension, I exploit cross-county variation in flood insurance coverage. I
construct a county-level measure of insurance coverage per capita and define an indicator
variable Ir equal to one if the county’s insurance coverage exceeds the median. I inter-
act Ir with the disaster dummies and include Ir as a triple interaction with the recourse
indicator. This yields insurance-specific impulse response functions that allow me to com-
pare financial distress dynamics across regions with different levels of ex-ante insurance
protection.

The heterogeneity analysis has the following limitations. Disaster declarations may
be influenced by local economic and political conditions. In addition, insurance take-up
may correlate with household wealth, risk exposure, and financial literacy. Since neither
declaration status nor insurance coverage is plausibly exogenous, these interaction speci-
fications should be interpreted as descriptive evidence of heterogeneity rather than causal
estimates. The goal is to assess whether observed patterns are consistent with a liquidity
channel, not to identify its causal magnitude.

Tables 2A.3–2A.5 report group means by declaration status, recourse regime, and in-
surance coverage. Three patterns are worth noting. First, disasters classified as large,
declared events are associated with larger average damages than non-declared ones, which
implies that the declaration comparison conflates disaster size and declaration status to
some degree (Table 2A.3). Declared and non-declared counties are otherwise broadly
similar on observable economic characteristics, which partially supports the descriptive
comparability of the two groups. Second, recourse regions differ more substantially from
non-recourse regions: they have, on average lower income per capita, higher poverty rates,
and higher homeownership rates (Table 2A.4). These differences matter for interpretation,
since households in recourse states may respond differently to disasters: not only because
of the legal regime but also because they are more financially fragile and have greater
exposure through homeownership. Third, counties classified as high versus low insurance
coverage are broadly similar on most economic characteristics, with the notable excep-
tion that high-insurance counties have higher average income per capita (Table 2A.5).
This raises the concern that the observed patterns in high-insurance regions are partly at-
tributable to income differences rather than insurance coverage per se. At the same time,
high-insurance regions are exposed to more severe large disasters on average: damages
from large events are heavier in high-insurance counties than in low-insurance ones, while
small disaster damages are broadly comparable across both groups (Table 2A.5). To the
extent that high-insurance regions face larger underlying shocks, any observed attenua-
tion of distress in those regions is achieved despite larger shocks, suggesting the stabilizing
association may be understated rather than overstated. The two sources of bias therefore
run in opposite directions, and their relative magnitudes cannot be determined from the
current design.

A further limitation is that the insurance variable is based on NFIP flood insurance
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coverage. This captures only one hazard type and may understate effective insurance
penetration in regions prone to other hazard types, where households may hold different
forms of private coverage. Hence, this could introduce a downward bias in the estimated
association between insurance coverage and financial resilience.

2.5 Results

This section examines how households adjust their financial behavior in response to natu-
ral disasters across multiple margins. The central question throughout is whether observed
changes on any single margin reflect uniform change in financial health, or rather a real-
location of distress to another channel.

Section 2.5.1 documents mortgage delinquency and foreclosure dynamics. Section 2.5.2
introduces bankruptcy as a third margin and shows that the two default channels are
partial substitutes whose relative use depends on the recourse regime. Section 2.5.3 then
asks when substitution gives way to genuine recovery, exploiting cross-regional variation
in flood insurance coverage to isolate the liquidity channel.

2.5.1 Mortgage Performance After Natural Disasters

The effect of natural disasters on mortgage performance is a priori ambiguous, as several
opposing mechanisms are at play. On the one hand, natural disasters constitute a ‘double-
trigger’ for default, reducing home equity and simultaneously raising expenditure needs.
These forces may raise households’ default incentives, particularly in non-recourse states,
where borrowers can discharge mortgage debt through foreclosure without further liability.
On the other hand, post-disaster liquidity may mitigate these effects. Households may
receive insurance payouts, which can be used to maintain mortgage payments rather than
to finance reconstruction, consequently reducing default risk. This effect may materialize
with some delay, as insurance claims are typically not paid out immediately.

Government interventions following disaster declarations introduce additional chan-
nels, which may offset each other. Foreclosure moratoria reduce the downside risk of
delinquency, which may encourage temporary non-payment and may lead to a short-run
increase in delinquency rates. At the same time, rebuilding grants can alleviate finan-
cial constraints and reduce the need for mortgage default. Hence, the overall response of
mortgage performance depends on the interaction between legal institutions, policy inter-
ventions, and the availability of post-disaster liquidity.

I find that mortgage performance worsens immediately after natural disasters; however,
the long-run effects are more complex. Following both small and large events, delinquency
rates increase significantly in the short run (see Figure 2.2, Panel A). Within the first three
months after small disasters, delinquencies rise by approximately 0.03 percentage points.
The response is more pronounced and persistent for large disasters, with delinquency rates
returning to pre-disaster levels only after about nine months. The peak response is 0.36
percentage points, compared to an average delinquency rate of 3.2 percent.

In contrast, foreclosure rates do not increase on impact (Figure 2.2, Panel B), consistent
with the institutional feature that foreclosure is typically preceded by a prolonged period
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Figure 2.2: Mortgage Default after Natural Disasters
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the MSA level.
Regression includes time and MSA fixed effects. Small damages are non-zero values below the 75th
percentile; large damages are above the 75th percentile. The regression is estimated without region-
specific controls. Figure 2B.11 plots impulse response functions for the estimated regressions, including
region-specific controls.

of delinquency. For small disasters, foreclosure rates begin to rise with a lag of around
nine months. Following large disasters, by contrast, foreclosure rates remain flat during
the second year after the event.

The combination of rising delinquencies and stable foreclosure rates suggests that many
delinquent mortgages cure rather than transition into foreclosure. I next distinguish be-
tween degrees of delinquency, to examine this mechanism more directly, and estimate
impulse responses of delinquency rates at different durations (30–90 days, 90–180 days,

Figure 2.3: Different Types of Delinquencies
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the MSA level.
Small (large) disasters are defined as events causing damages below (above) the 75th percentile of realized
damages. The regression is estimated without region-specific controls. Figure 2B.12 plots impulse response
functions for the estimated regressions, including region-specific controls.
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and more than 180 days past due). As shown in Figure 2.3, only a small fraction of mort-
gages remain delinquent for extended periods (beyond 180 days), while most delinquencies
are resolved within six months. This pattern indicates that households use delinquency
primarily as a temporary liquidity provision before returning to performing status.

To further assess this interpretation, I analyze mortgage prepayments and loan write-
offs as additional margins. Foreclosure principal write-offs initially rise but subsequently
fall below pre-disaster levels in the two to six years following a disaster (Figure 2.4, Panel
B). Persistently elevated write-offs would have been consistent with lenders missing fore-
closure statute-of-limitations deadlines. This could have provided a direct explanation for
the muted foreclosure rates. Instead, the subsequent decline is consistent with households
successfully curing their delinquencies, which reduces the stock of loans at risk of write-off
over time.7 Prepayment rates do not significantly increase after natural disasters. Instead,
they decline by approximately 0.1 percentage points on the impact of large disasters (Fig-
ure 2.4, Panel A), suggesting that households do not sell their homes to prepay their
mortgages following a disaster.

Figure 2.4: Prepayment and Write-Offs after Natural Disasters

(A) Prepayment (in ppt) (B) Write-Offs (in ppt)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the MSA level.
Regression includes time and MSA fixed effects. Small damages are non-zero values below the 75th
percentile; large damages are above the 75th percentile. The regression is estimated without region-
specific controls. Figure 2B.13 plots impulse response functions for the estimated regressions, including
region-specific controls.

To better understand the underlying mechanisms, I jointly examine the role of re-
course regimes and disaster declarations by estimating Equation 2.2. Figures 2.5 and
2.6 present the responses of delinquency and foreclosure rates, distinguishing by disaster
size, declaration status, and recourse regime. Declared disasters trigger IHP assistance
and foreclosure moratoria while recourse regimes determine the costs of foreclosure, which
shape households’ default incentives.

7Several other mechanisms may contribute to the decline in write-offs. For instance, lenders may also
accelerate foreclosure proceedings on disaster-affected properties in anticipation of declines in property
values, completing cases before statutory deadlines become binding. Distinguishing between these channels
is beyond the scope of this paper, and any causal interpretation requires caution.



90 Chapter 2. Default or Declare? Households’ Responses to Natural Disasters

Figure 2.5: Delinquencies - Role of Disaster Declarations and Recourse Regulation
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the MSA level.
Regression includes time, state, and MSA fixed effects. Small damages are non-zero values below the 75th
percentile; large damages are above the 75th percentile. The regression is estimated without region-specific
controls. Figure 2B.14 plots impulse response functions for the estimated regressions, including region-
specific controls.

Figure 2.5 displays two distinct patterns in delinquency responses. First, delinquency
rates rise following declared disasters but remain flat or decline after non-declared events,
independent of disaster size (Panels A–D). One interpretation consistent with the data
is the role of foreclosure moratoria: by temporarily suspending lenders’ ability to initiate
foreclosure, declarations reduce the immediate cost of non-payment and make temporary
delinquency relatively attractive. However, declarations bundle multiple policy responses,
and I cannot isolate the specific contribution of moratoria. In the absence of a declaration,
no such protection exists, and borrowers have stronger incentives to maintain payments.

Second, delinquency rates do not rise after declared disasters and even decline over
the medium term in non-recourse regions (Panels C and D). If moratoria lower the cost
of non-payment, it remains open to understand why non-recourse borrowers may not use
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delinquency as a liquidity buffer.
The foreclosure response suggests one explanation for this puzzle (see Figure 2.6). Af-

ter small declared and large undeclared disasters, foreclosure rates in non-recourse regions
increase immediately, despite no rise in delinquency. This pattern is consistent with an
acceleration of the foreclosure process of pre-existing delinquencies rather than the cre-
ation of new delinquencies. Since lenders must typically wait at least 120 days of missed
payments before initiating foreclosure, the observed increase likely stems from loans that
were already delinquent prior to the disaster. The natural disaster shock may reduce bor-
rower solvency or collateral values, lowering recovery expectations and prompting lenders,
especially in non-recourse states, to move more quickly toward foreclosure. These selective
foreclosure on already distressed borrowers could lead to a compositional ‘cleansing effect’
that reduces the stock of delinquent loans in subsequent periods; a mechanism that re-
mains to be tested. The increase in foreclosures after small, declared disasters is difficult to
reconcile with the presence of foreclosure moratoria and may reflect weaker enforcement,
limited moratorium coverage, or lower political pressure following smaller events.

The response of foreclosure rates is strongest in non-recourse regions, which may fit
with a lender-side explanation that banks tolerate longer periods of non-payment in re-
course regimes. However, two observations remain puzzling: foreclosure rates in recourse
regions do not increase and even decline in the second year after a disaster, suggesting
that households may rely on alternative mechanisms to avoid foreclosure. Two channels
could explain this. Households could use private disaster insurance as a liquidity buffer.
While mortgage default can be interpreted as implicit insurance against disaster-related
shocks, this channel is likely less relevant in recourse states, where borrowers remain liable
for residual debt. As a result, these households would have stronger incentives to purchase
insurance coverage and avoid foreclosure. In regions with greater access to insurance pay-
outs, households may use delinquency as a bridge until funds arrive, subsequently curing
arrears or reducing outstanding mortgage balances. This mechanism is consistent with
the documented patterns in recourse states, where higher insurance coverage could help
borrowers avoid foreclosure despite temporary increases in delinquency or prevent delin-
quency altogether. Alternatively, households in recourse regions may substitute toward
bankruptcy rather than foreclosure. Since recourse loans leave borrowers liable for residual
debt, bankruptcy can provide more effective debt relief than foreclosure. I explore both
channels in the following sections.

2.5.2 Household Bankruptcy After Natural Disasters

Natural disasters can affect household bankruptcy decisions through several channels, pos-
sibly offsetting one another. On the one hand, disasters constitute a negative income and
expenditure shock, which may increase financial distress and thereby raise bankruptcy fil-
ings. On the other hand, post-disaster liquidity from insurance payouts or government aid
may enable households to service or repay outstanding debt, and hence reduce the need
to file for bankruptcy. A third channel works through substitution across default margins.
When a disaster destroys a home or pushes households into negative equity, foreclosure be-
comes more attractive. This might reduce the debt burden sufficiently to make bankruptcy
unnecessary. In addition, the occurrence of a natural disaster may lead to a substitution
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Figure 2.6: Foreclosures - Role of Disaster Declarations and Recourse Regulation
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the MSA level.
Regression includes time, state, and MSA fixed effects. Small damages are non-zero values below the 75th
percentile; large damages are above the 75th percentile. The regression is estimated without region-specific
controls. Figure 2B.15 plots impulse response functions for the estimated regressions, including region-
specific controls.

between different bankruptcy chapters: first, destruction of housing wealth may reduce
the value of owner-occupied assets, which could bring households below state-specific ex-
emption thresholds and increase the attractiveness of Chapter 7 relative to Chapter 13.
Second, disaster-related income disruptions may reduce eligibility for Chapter 13, which
requires a stable income to support a repayment plan.

Figure 2.7 presents the aggregate bankruptcy response to natural disasters. The aggre-
gate response splits by disaster size: filings increase following small disasters but decline
after large ones—the opposite of what a simple financial distress narrative would predict.
The chapter-level responses reveal further heterogeneity. After small disasters, the rise in
filings is driven entirely by Chapter 13, while Chapter 7 filings remain largely unchanged.
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Figure 2.7: Natural Disasters and Personal Bankruptcy Filings
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the county level.
Small (large) disasters are defined as events causing damages below (above) the 75th percentile of realized
damages. The regression is estimated without region-specific controls. Figure 2B.16 plots impulse response
functions for the estimated regressions, including region-specific controls.

This is consistent with moderate, temporary financial distress under which affected house-
holds restructure their debt through repayment plans rather than liquidate assets to secure
a ‘fresh start’. One contributing factor may be that Chapter 13 filers are disproportion-
ately homeowners, who are more directly exposed to disaster-related property damage.
After large disasters, by contrast, filings under both chapters decline within the first year,
with only the decline in Chapter 13 filings being statistically significant.

These aggregate patterns also speak to the mortgage results presented above. A shift
from foreclosure to bankruptcy would require aggregate bankruptcy filings to rise; yet,
after large disasters, they fall. The aggregate decline in foreclosure rates following large
events therefore cannot be explained by households substituting toward bankruptcy. To
understand what drives these patterns, I examine how bankruptcy responses differ with
the recourse regime and disaster declaration status.

Disaggregating by recourse regime and declaration status reveals two distinct mech-
anisms at work. In some cases, households substitute across default margins, shifting
between foreclosure and bankruptcy depending on the legal environment. In others, both
margins decline simultaneously, pointing to an improvement in financial conditions rather
than a reallocation of distress. I discuss each case in turn.

Small, non-declared disasters Bankruptcy filings reveal what mortgage data miss:
small, non-declared disasters do affect household financial distress. Delinquency and fore-
closure rates show no meaningful reaction to these events, suggesting that households are
coping. Bankruptcy filings, however, move. In recourse regions, households respond with
a significant increase in Chapter 13 filings (see Figure 2B.18, Panel (A)), while Chapter
7 filings remain unchanged (see Figure 2B.20, Panel (A)). This pattern is consistent with
debt restructuring rather than asset liquidation and is consistent with the lower foreclosure
attractiveness in recourse states.

Large, non-declared disasters When large disasters do not receive a federal declara-
tion, financial distress rises markedly, and the default channel households choose depends
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Figure 2.8: Natural Disasters and Bankruptcies - Role of Recourse and Declarations
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the county level.
Small (large) disasters are defined as events causing damages below (above) the 75th percentile of realized
damages. The regression is estimated without region-specific controls. Figure 2B.17 plots impulse response
functions for the estimated regressions, including region-specific controls.

on the legal environment. In non-recourse regions, foreclosure rates increase significantly.
In recourse regions, households absorb the shock through higher bankruptcy filings. This
pattern is the clearest case of substitution across default margins: the same aggregate
shock produces fundamentally different financial outcomes depending on the recourse
regime.

Small, declared disasters The joint increase in foreclosure and bankruptcy filings fol-
lowing small declared disasters shows that foreclosure and bankruptcy are not strict sub-
stitutes (see Figure 2.9). While foreclosure resolves mortgage debt, it does not address
unsecured liabilities, which may rise after a disaster due to income disruptions. Households
may therefore simultaneously transition into foreclosure while using bankruptcy filings to
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Figure 2.9: Bankruptcy filings after small, declared disasters
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on the regional level.
Small (large) disasters are defined as events causing damages below (above) the 75th percentile of realized
damages. The regressions are estimated without region-specific controls. The foreclosure response is esti-
mated using monthly MSA-level data, while bankruptcy filing responses are estimated based on quarterly
county-level data. For both samples, the IRFs span a 2-year horizon.

address unsecured debt. In non-recourse regions, I find a rise in Chapter 13 filings. The
prevalence of Chapter 13 over Chapter 7 is consistent with moderate shocks that leave
income streams largely intact, leaving households eligible for repayment plans. In recourse
regions, by contrast, where foreclosure does not free borrowers from their mortgage debt,
households are more likely to turn to Chapter 7 for a more extensive debt discharge.

Large, declared disasters Following large declared disasters, both bankruptcy filings
(see Figure 2.8, Panel (D)) and foreclosure rates (see Figure 2.6, Panel (D)) decline simul-
taneously. This joint decrease indicates that the reduction in foreclosures is not driven
by substitution toward bankruptcy. Rather, it points to an improvement in household
financial conditions.8 The contrast with large non-declared disasters is sharp: when large
disasters do not receive a federal declaration, financial distress rises in terms of higher
foreclosure rates in non-recourse regions and higher bankruptcy filings in recourse regions.
When the same scale of disaster receives an official declaration, both margins decline. This
pattern is consistent with disaster declarations and associated government aid playing a
stabilizing role.

Overall, the evidence suggests that bankruptcy serves as an adjustment margin that
interacts closely with mortgage market institutions and post-disaster liquidity. Depend-
ing on the legal environment, households substitute between foreclosure and bankruptcy.
However, the recourse regulation may also shape household financial preparedness before
a disaster strikes. Since foreclosure is more costly in recourse states, households in these
regions encounter stronger ex ante incentives to hold private insurance as a buffer against

8Administrative disruptions, including temporary court congestion or reduced access to legal services,
may delay bankruptcy filings in the immediate aftermath of large disasters. However, the data capture
filing decisions and not case resolution. Hence, such frictions are unlikely to fully account for the observed
decline in filings over longer horizons, or they would be associated with a delayed rise in filing rates.
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disaster-related losses. This suggests that observed differences across recourse regimes may
partly reflect differences in insurance coverage rather than the legal environment alone.
To assess the independent role of post-disaster liquidity and separate these channels, the
following section specifically accounts for cross-regional variation in private insurance cov-
erage.

2.5.3 Role of Private Disaster Insurance

Section 2.5.2 documents that recourse regulation is associated with different default chan-
nel choices following disaster shocks. However, the recourse regime correlates with flood
insurance coverage. Households in recourse states hold significantly more NFIP policies
and receive larger insurance claims conditional on realized damages (Tables 2B.6–2B.8).
The heterogeneity attributed to the legal environment may therefore partly stem from
differences in post-disaster liquidity rather than only the recourse regulation itself. To
explore this, I exploit cross-county variation in flood insurance coverage. The goal is to
assess whether the data fit such a liquidity mechanism, not to identify its magnitude. To
this end, I construct an indicator equal to one for regions with above-median coverage
and interact it with the disaster shock and recourse regime. As discussed in Section 2.4,
this specification is descriptive since insurance take-up is endogenous and these estimates
should not be interpreted causally.9

As shown in Tables 2B.6–2B.8, recourse states are associated with a significantly higher
insurance coverage. Table 2B.6 shows that insurance claims under the NFIP are signifi-
cantly larger in recourse counties. Consistent with this pattern, both the number of active
policies and total coverage are significantly higher in recourse states (Table 2B.7). At the
extensive margin, households in recourse states are also more likely to hold flood insur-
ance (Table 2B.8). Aid payments under the IHP, by contrast, do not differ significantly
across regimes (Table 2B.6). As a result, recourse regions experience greater post-disaster
liquidity. These patterns suggest that part of the heterogeneity documented above may
operate through insurance rather than through recourse regulation, motivating a more
explicit accounting for insurance coverage in the estimation, as explained in Section 2.4.

First, I find that high insurance coverage is associated with an attenuated rise in
household distress, but it is not generally sufficient to fully stabilize household finances. For
small non-declared events, increases in foreclosures and bankruptcy filings are concentrated
in low-insurance regions (Figure 2B.23, Panels B and C), while high-insurance regions show
little to no rise on either margin. Even though this pattern points to a stabilizing role of
private insurance payouts, it could also reflect correlated regional characteristics that are
not fully absorbed by the fixed effects.10

9For instance, higher insurance coverage might reflect an actual larger risk of natural disasters. To assess
this, I plot the density of log damages by insurance coverage conditional on disaster size classification (see
Figure 2B.22). While damage from small disasters appears to follow similar distributions across regions,
areas with high insurance coverage indeed exhibit heavier tails for large disasters.

10One pattern complicates this story: for small declared disasters in high-insurance regions, both fore-
closures and bankruptcy filings rise rather than fall (Figure 2B.24, Panels E and F). This is difficult to
reconcile with a simple insurance-as-stabilizer story. Instead, it may show that first, disaster declarations
are endogenous and, second, that insurance and government aid are complements. Small, declared disas-
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The delinquency response is mixed. In high-insurance, non-recourse regions, delin-
quency declines after small, undeclared events (Figure 2B.23, Panel D). This response is
consistent with the interpretation in Gallagher and Hartley (2017) that households use
insurance payments to make mortgage payments rather than rebuild. In recourse regions,
however, delinquency tends to rise even with high insurance, suggesting households may
redirect payouts toward rebuilding rather than debt service—though the confidence bands
are wide and the difference is not precisely estimated. This is in line with a larger incentive
to preserve home equity in recourse states.

For large non-declared events, the picture is less clear. Foreclosure rates rise in non-
recourse regions for both insurance status (Figure 2B.25, Panel B and E). This suggests
that insurance coverage alone is insufficient to buffer against larger shocks. Nevertheless,
bankruptcy responses show some attenuation in high-insurance recourse regions (Figure
2B.25, Panel C and F). Together, the results for non-declared disasters suggest a liquidity
role for private insurance, but high insurance coverage does not guarantee stabilization in
the absence of government aid.

Second, declining bankruptcy rates are prevalent in low-insurance regions. In non-
recourse regions, declining bankruptcy filings coincide with rising foreclosure rates across
disaster types in low insurance regions (Figures 2.10 and 2B.23). This pattern is absent in
regions with high insurance coverage. This difference in responses by insurance coverage
is consistent with substitution across default margins. One interpretation is that without
sufficient post-disaster liquidity, non-recourse households face a resource constraint that
makes foreclosure a relatively lower-cost option for discharging mortgage debt, reducing
the need to also file for bankruptcy.

For large declared disasters in high-insurance regions, a third pattern appears: foreclo-
sure rates and bankruptcy filings decline simultaneously (Figure 2.10, Panels B and D).
This is the only scenario in the analysis in which distress falls sharply across both margins
at once which is consistent with actual improvement in household financial conditions
rather than reallocation across channels. One interpretation of the joint decline is that
the combination of insurance payouts and government grants provides households with
sufficient liquidity to continue servicing debt and manage repair costs simultaneously.11

The contrast with low-insurance regions supports this mechanism.
In low-insurance regions, large declared disasters yield different outcomes. While

bankruptcy filings decline in non-recourse regions, foreclosure rates rise (Figure 2.10, Pan-
els C and E), potentially the substitution pattern mentioned in Section 2.5.2. In recourse
regions with low insurance coverage, neither bankruptcy filing rates nor foreclosure rates
fall.

ters may substantially differ from small, undeclared disasters. In addition, declared small disasters may
trigger less government aid compared to large events. While IHP grants are available following all major
disaster declarations, regardless of aggregate size, large declared disasters may disproportionately trigger
supplemental Congressional appropriations and additional recovery programs, such as the post-Katrina
Road Home program, that are not activated by smaller declared events, even when declaration status is
held constant. The total liquidity injection may therefore be considerably larger after large than small
declared disasters, even conditional on a declaration.

11An alternative is that distressed households exit disaster-affected regions following large events. If out-
migration is concentrated among financially vulnerable households, the apparent improvement in measures
of financial distress could reflect compositional change rather than financial recovery.



98 Chapter 2. Default or Declare? Households’ Responses to Natural Disasters

Figure 2.10: Measures of Financial Distress after large, declared Natural Disasters
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on the regional level.
Regression includes time, state, and regional fixed effects. High insurance regions are regions with an
insurance coverage per capita above the median. Delinquency and foreclosure responses are estimated
using monthly MSA-level data, while bankruptcy filing responses are estimated based on quarterly county-
level data. For both samples, the impulse response functions span a 2-year horizon. Figure 2B.29 plots
impulse response functions for the estimated regressions including region-specific controls.
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Together, insurance coverage appears to be one of the primary determinants of whether
households recover. In low-insurance environments, disasters shift financial distress across
default margins without reducing it; the recourse regime determines the direction of sub-
stitution but not whether substitution occurs. In high-insurance environments, households
can stabilize across all margins simultaneously once government aid is freed through a dis-
aster declaration. Finally, even after accounting for insurance coverage, recourse regulation
continues to shape default decisions independently. In low-insurance regions in particu-
lar, the legal environment determines which margin absorbs the shock. In non-recourse
regions, households substitute toward foreclosure, while households turn to bankruptcy in
recourse states.

2.6 Conclusion

This paper studies how households adjust to natural disaster shocks across multiple mar-
gins of financial distress (mortgage delinquency, foreclosure, and bankruptcy) and how
these responses are shaped by legal institutions and post-disaster liquidity. The results
show that household responses are highly heterogeneous and depend on both the mortgage
recourse regime and access to insurance and government aid.

A first finding concerns how households switch across forms of default Disasters push
up mortgage delinquencies, but this does not uniformly translate into higher foreclosure
rates. Bankruptcy responses differ by disaster type and institutional setting: filings rise
following smaller, non-declared disasters but fall after large, federally declared events.
These patterns suggest that financial distress is reallocated across channels rather than
uniformly raised or lowered. Recourse regulation is decisive here: in non-recourse states,
households tend to absorb shocks through foreclosure, while in recourse states they are
more likely to file for bankruptcy, particularly Chapter 13, to restructure debt and re-
tain their assets. Even after controlling for insurance coverage, recourse shapes default
decisions, especially where insurance penetration is low.

Post-disaster liquidity also appears to shape the response. In high-insurance regions,
foreclosure and bankruptcy responses tend to be weaker following non-declared disasters.
This suggests a stabilizing role of private insurance payouts, independent of government
support. After large declared disasters, high-insurance regions are the only ones where
both margins decline simultaneously, in line with a real recovery. This suggests that com-
bining insurance payouts with government aid can provide sufficient liquidity to improve
households’ financial conditions. Where insurance coverage is low, falling bankruptcy rates
tend to coincide with stable or rising foreclosure rates. This points to reallocation rather
than recovery, a distinction that emerges only when both margins are examined together.

More broadly, the results show that institutional design, such as recourse regulation,
disaster declaration policy, and insurance market coverage, shapes households’ responses
to natural disasters. However, the presented empirical evidence is descriptive rather than
causal. The empirical findings are consistent with a liquidity channel, but as insurance
take-up is endogenous, I cannot establish causality. An alternative mechanism that could
explain the joint decline in foreclosures and bankruptcy filings after large declared dis-
asters is the selective outmigration of financially distressed households. Disentangling
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these mechanisms and separately identifying the causal effects of insurance payouts and
government aid remain priorities for future work.
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Appendices

2A Data

Table 2A.3: Group Means by Disaster Declaration

Non-declared Declared
Mean N Mean N

Small Disasters
log(D) 12.22 23,537 13.16 165
Poverty rate 14.81 22,977 15.71 165
Debt-to-income ratio 1.64 23,407 1.64 165
Homeownership rate 66.18 21,641 66.51 158
Unemployment rate 5.55 22,977 5.13 165
Personal income (p.c.) 41,625.79 22,985 40,807.12 165
Large Disasters
log(D) 16.64 7,236 18.46 664
Poverty rate 14.68 7,122 15.45 664
Debt-to-income ratio 1.53 7,181 1.66 664
Homeownership rate 66.72 6,623 66.20 645
Unemployment rate 5.37 7,122 5.54 664
Personal income (p.c.) 40,609.54 7,126 39,526.97 664
Note: The sample consists of quarter-county observations from 2013-2019.
Small (large) disasters are defined as events causing damages below (above)
the 75th percentile of realized damages. log(D) refers to log damages per
capita.
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Table 2A.4: Group Means by Recourse Regime

Non-recourse Recourse
Mean N Mean N

Small Disasters
log(D) 12.07 3,828 12.28 19,744
Poverty rate 13.31 3,820 15.12 19,322
Debt-to-income ratio 1.73 3,828 1.62 19,744
Homeownership rate 64.83 3,543 66.45 18,256
Unemployment rate 5.23 3,820 5.61 19,322
Personal income (p.c.) 44,219.82 3,828 41,104.88 19,322
Large Disasters
log(D) 16.85 1,619 16.75 6,228
Poverty rate 12.34 1,615 15.37 6,171
Debt-to-income ratio 1.56 1,617 1.53 6,228
Homeownership rate 65.91 1,432 66.86 5,836
Unemployment rate 4.64 1,615 5.58 6,171
Personal income (p.c.) 45,128.96 1,619 39,307.36 6171
Note: The sample consists of quarter-county observations from 2013-2019.
Small (large) disasters are defined as events causing damages below (above)
the 75th percentile of realized damages. log(D) refers to log damages per
capita.



104 Chapter 2. Default or Declare? Households’ Responses to Natural Disasters

Table 2A.5: Group Means by Insurance Coverage

Low insurance High insurance
Mean N Mean N

Small Disasters
log(D) 12.47 10,478 12.04 13,224
log(DNF ) -1.39 9,284 -1.92 11,743
log(DF ) 2.19 10,478 2.72 13,224
Poverty rate 14.78 10,165 14.85 12,977
Debt-to-income ratio 1.62 10,376 1.66 13,196
Homeownership rate 66.77 9,244 65.75 12,555
Unemployment rate 5.50 10,165 5.59 12,977
Personal income (p.c.) 38,739.04 10,173 43,878.38 12,977
Large Disasters
log(D) 16.76 4,160 16.83 3,740
log(DNF ) 2.34 3,536 2.02 3,069
log(DF ) 5.94 4,160 8.16 3,740
Poverty rate 14.43 4,084 15.09 3,702
Debt-to-income ratio 1.49 4,119 1.59 3,726
Homeownership rate 67.00 3,711 66.33 3,557
Unemployment rate 5.10 4,084 5.70 3,702
Personal income (p.c.) 39,863.87 4,087 41,238.41 3,703
Note: The sample consists of quarter-county observations from 2013-2019. Small
(large) disasters are defined as events causing damages below (above) the 75th
percentile of realized damages. Counties are classified as low (high) insurance if
insurance coverage lies below (above) the median. log(D) refers to log damages
per capita. log(DF ) and log(DNF ) refer to log per capita damages caused by flood
and non-flood events, respectively.
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2B Additional Empirical Results

2B.1 Mortgage Default

Figure 2B.11: Mortgage Default after Natural Disasters (incl. Controls)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the MSA level.
Regression includes time and MSA fixed effects. Small damages are non-zero damages below the 75th
percentile; large damages are above the 75th percentile. The estimation includes regional controls such
as personal income per capita, the employment rate, the median debt-to-income ratio, and the median
loan-to-value ratio at origination.

Figure 2B.12: Different Types of Delinquencies (incl. Controls)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the MSA-level.
Small (large) disasters are defined as events causing damages below (above) the 75th percentile of realized
damages. The estimation includes regional controls such as personal income per capita, the employment
rate, the median debt-to-income ratio as well as the median loan-to-value ratio at origination.
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Figure 2B.13: Prepayment and Write-Offs after Natural Disasters (incl. Controls)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the MSA-level.
Regression includes time and MSA fixed effects. Small damages are non-zero damages below the 75th
percentile; large damages are above the 75th percentile. The estimation includes regional controls such as
personal income per capita, the employment rate, the median debt-to-income ratio as well as the median
loan-to-value ratio at origination.
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Figure 2B.14: Delinquencies - Role of Disaster Declarations and Recourse Regulation
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the MSA-level.
Regression includes time, state and MSA fixed effects. Small damages are non-zero damages below the
75th percentile; large damages are above the 75th percentile. The estimation includes regional controls
such as personal income per capita, the employment rate, the median debt-to-income ratio as well as the
median loan-to-value ratio at origination.
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Figure 2B.15: Foreclosures - Role of Disaster Declarations and Recourse Regulation (incl.
Controls)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the MSA-level.
Regression includes time, state and MSA fixed effects. Small damages are non-zero damages below the
75th percentile; large damages are above the 75th percentile. The estimation includes regional controls
such as personal income per capita, the employment rate, the median debt-to-income ratio as well as the
median loan-to-value ratio at origination.
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2B.2 Household Bankruptcies

Figure 2B.16: Natural Disasters and Personal Bankruptcy Filings (incl. Controls)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered at the county level.
Small (large) disasters are defined as events causing damages below (above) the 75th percentile of realized
damages. The estimation includes regional controls such as the ratio of household debt, level of homestead
exemptions, the homeownership rate, the unemployment rate, personal income per capita as well as the
poverty rate.
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Figure 2B.17: Role of Recourse and Declarations (all Bankruptcy Filings, incl. Controls)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on county level.
Small (large) disasters are defined as events causing damages below (above) the 75th percentile of realized
damages. The estimation includes regional controls such as the ratio of household debt, level of homestead
exemptions, the homeownership rate, the unemployment rate, personal income per capita as well as the
poverty rate.
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Figure 2B.18: Role of Recourse and Declarations (Chapter 13 Filings)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on county level.
Small (large) disasters are defined as events causing damages below (above) the 75th percentile of realized
damages. The regression is estimated without region-specific controls. Figure 2B.19 plots impulse response
functions for the estimated regressions including region-specific controls.
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Figure 2B.19: Role of Recourse and Declarations (Chapter 13 Filings, incl. Controls)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on county level.
Small (large) disasters are defined as events causing damages below (above) the 75th percentile of realized
damages. The estimation includes regional controls such as the ratio of household debt, level of homestead
exemptions, the homeownership rate, the unemployment rate, personal income per capita as well as the
poverty rate.
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Figure 2B.20: Role of Recourse and Declarations (Chapter 7 Filings)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on county level.
Small (large) disasters are defined as events causing damages below (above) the 75th percentile of realized
damages. The regression is estimated without region-specific controls. Figure 2B.21 plots impulse response
functions for the estimated regressions including region-specific controls.
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Figure 2B.21: Role of Recourse and Declarations (Chapter 7 Filings, incl. Controls)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on county level.
Small (large) disasters are defined as events causing damages below (above) the 75th percentile of realized
damages. The estimation includes regional controls such as the ratio of household debt to income, level
of homestead exemptions, the homeownership rate, the unemployment rate, personal income per capita as
well as the poverty rate.
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2B.3 Role of Insurance

Figure 2B.22: Distribution of Damages by Insurance Coverage
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Table 2B.6: Government Payments and Flood Insurance Claims (per Housing Unit)

(1) (2)
IHP Amount Insurance Claims

D (Damages per housing unit) 0.0050 0.0003
(0.0043) (0.0008)

I[Recourse] 0.0134 0.1399
(0.0598) (0.2422)

I[Recourse] x D 0.0080 0.0481∗∗∗
(0.0064) (0.0140)

I[Declaration] 49.7364∗∗∗ 89.5479∗∗∗
(5.5173) (16.6277)

Time FE X X
Observations 95,970 95,970
R-squared 0.2767 0.2818
Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: Measures of government aid and insurance claims are normalized by total
housing units in a county (as reported in the ACS). Insurance claims refer to payments
under the NFIP. Standard errors are clustered at the county level.
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Table 2B.7: Flood Insurance and Recourse Regime

Number of active flood insurance policies Coverage of active flood insurance policies
(1) (2) (3) (4) (5) (6)

I[Recourse] 0.0322∗∗∗ 0.0113∗∗∗ 0.0383∗∗∗ 8,178.62∗∗∗ 3,498.48∗∗∗ 11,220.36∗∗∗
(0.0051) (0.0038) (0.0116) (1,300.88) (1,022.43) (3,143.46)

Median Income 0.0004∗∗∗ 0.0005∗∗∗ -0.0001 149.18∗∗∗ 169.78∗∗∗ 49.18
(0.0001) (0.0001) (0.0001) (40.89) (42.90) (43.43)

EALS (All Hazards) 0.0047∗∗∗ 1,075.01∗∗∗
(0.0006) (139.54)

EALS (Riverine Floods) 0.0026∗∗∗ 544.76∗∗∗
(0.0005) (111.28)

EALS (Coastal Floods) 0.0128∗∗∗ 3,343.47∗∗∗
(0.0020) (536.04)

cons -0.1077∗∗∗ -0.0455∗∗∗ -0.0055 -29,540.12∗∗∗ -14,517.96∗∗∗ -8,166.55∗
(0.0176) (0.0134) (0.0156) (4,753.47) (3,915.54) (4,761.33)

Time FE X X X X X X
Observations 98,244 98,244 31,704 98,244 98,244 31,704
R-squared 0.1782 0.0961 0.4857 0.1532 0.0817 0.4757
Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: Measures of flood insurance policies are normalized by total housing units in a county (as reported in the ACS). EALS
represents the Expected Annual Loss Score according to the National Risk Index. Active insurance policies are imputed based
on policy transaction-level data under the NFIP since 2009 and aggregated to a county-month panel. Standard errors are
clustered at the county level.
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Table 2B.8: Determinants of Flood Insurance Uptake

I[Flood Insurance] I[Flood Insurance]
I[Recourse] 0.850∗∗∗ 0.621∗∗∗

(0.214) (0.169)
Poverty Rate 0.115∗∗

(0.057)
EALS (All Hazards) 0.032∗∗

(0.016)
Income group 2 0.325∗∗∗

(0.022)
Income group 3 0.731∗∗∗

(0.043)
Income group 4 1.188∗∗∗

(0.071)
Income group 5 1.635∗∗∗

(0.097)
Income group 6 1.803∗∗∗

(0.116)
I[Homeowner Insurance] 1.441∗∗∗

(0.051)
Primary Residence -0.166

(0.186)
Age group 2 -0.017

(0.077)
Age group 3 -0.001

(0.070)
Age group 4 0.220∗∗∗

(0.080)
Age group 5 0.391∗∗∗

(0.103)
cons -2.514∗∗∗ -6.858∗∗∗

(0.131) (0.607)
Observations 7,456,303 6,223,902
R-squared 0.004 0.111
Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: The table reports coefficients from a logit regression with a binary flood insurance indicator
as the dependent variable. EALS refers to the Expected Annual Loss Score based on the National
Risk Index. Data source: individual-level FEMA IHP program registrations from 2000 onward,
aggregated to a county-month panel. Age groups are 15-year bins starting at 20–34. Income is
binned in USD 15,000 intervals starting below USD 15,000.



118
C

hapter
2.D

efault
or

D
eclare?

H
ouseholds’R

esponses
to

N
aturalD

isasters

Figure 2B.23: Measures of Financial Distress after small, non-declared disasters
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on the regional-level. Regression includes time, state and MSA fixed effects. Small damages
are non-zero damages below the 75th percentile; large damages are above the 75th percentile. Figure 2B.26 plots impulse response functions for the estimated regressions
including region-specific controls.
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Figure 2B.24: Measures of Financial Distress after small, declared Disasters
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on the regional-level. Regression includes time, state and MSA fixed effects. Small damages
are non-zero damages below the 75th percentile; large damages are above the 75th percentile. Figure 2B.27 plots impulse response functions for the estimated regressions
including region-specific controls.
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Figure 2B.25: Measures of Financial Distress after large, non-declared disasters
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on the regional-level. Regression includes time, state and MSA fixed effects. Small damages
are non-zero damages below the 75th percentile; large damages are above the 75th percentile. Figure 2B.28 plots impulse response functions for the estimated regressions
including region-specific controls.
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Figure 2B.26: Measures of Financial Distress after small, non-declared Natural Disasters (incl. Controls)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on the regional level. Regression includes time, state and regional fixed effects. High insurance regions are
regions with an insurance coverage per capita above the median. Delinquency and foreclosure responses are estimated using MSA-level data, while bankruptcy filing responses are estimated
based on county level data. The regression includes regional controls (MSA-level: personal income per capita, the employment rate, the median debt-to-income ratio as well as the median
loan-to-value ratio at origination, county level: The estimation includes regional controls such as the ratio of household debt to income, level of homestead exemptions, the homeownership
rate, the unemployment rate, personal income per capita as well as the poverty rate.).
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Figure 2B.27: Measures of Financial Distress after small, declared Natural Disasters (incl. Controls)

Low insurance

(A) Delinquencies (B) Foreclosures (C) Bankruptcy filings

-1

-.5

0

.5

0 3 6 9 12 15 18 21 24
month

Non-recourse
Recourse

-.02

-.01

0

.01

.02

0 3 6 9 12 15 18 21 24
month

Non-recourse
Recourse

-.04

-.03

-.02

-.01

0

.01

.02

.03

.04

pp
t

0 1 2 3 4 5 6 7 8
Quarter

Non-recourse
Recourse

High insurance

(D) Delinquencies (E) Foreclosures (F) Bankruptcy filings

-1

-.5

0

.5

1

pp
t

0 3 6 9 12 15 18 21 24
Month

Non-recourse
Recourse

0

.02

.04

.06

.08

pp
t

0 3 6 9 12 15 18 21 24
Month

Non-recourse
Recourse

-.04

-.03

-.02

-.01

0

.01

.02

.03

.04

pp
t

0 1 2 3 4 5 6 7 8
Quarter

Non-recourse
Recourse

Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on the regional level. Regression includes time, state and regional fixed effects. High insurance regions are
regions with an insurance coverage per capita above the median. Delinquency and foreclosure responses are estimated using MSA-level data, while bankruptcy filing responses are estimated
based on county level data. The regression includes regional controls (MSA-level: personal income per capita, the employment rate, the median debt-to-income ratio as well as the median
loan-to-value ratio at origination, county level: The estimation includes regional controls such as the ratio of household debt to income, level of homestead exemptions, the homeownership
rate, the unemployment rate, personal income per capita as well as the poverty rate.).
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Figure 2B.28: Measures of Financial Distress after large, non-declared Natural Disasters (incl. Controls)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on the regional level. Regression includes time, state and regional fixed effects. High insurance regions are
regions with an insurance coverage per capita above the median. Delinquency and foreclosure responses are estimated using MSA-level data, while bankruptcy filing responses are estimated
based on county level data. The regression includes regional controls (MSA-level: personal income per capita, the employment rate, the median debt-to-income ratio as well as the median
loan-to-value ratio at origination, county level: The estimation includes regional controls such as the ratio of household debt to income, level of homestead exemptions, the homeownership
rate, the unemployment rate, personal income per capita as well as the poverty rate.).
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Figure 2B.29: Measures of Financial Distress after large, declared Natural Disasters (incl. Controls)
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Note: Shaded areas are 90 percent confidence bands. Standard errors are clustered on the regional level. Regression includes time, state and regional fixed effects. High insurance regions are
regions with an insurance coverage per capita above the median. Delinquency and foreclosure responses are estimated using MSA-level data, while bankruptcy filing responses are estimated
based on county level data. The regression includes regional controls (MSA-level: personal income per capita, the employment rate, the median debt-to-income ratio as well as the median
loan-to-value ratio at origination, county level: The estimation includes regional controls such as the ratio of household debt to income, level of homestead exemptions, the homeownership
rate, the unemployment rate, personal income per capita as well as the poverty rate.).
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Chapter 3

Limited Downsizing of
Empty-Nesters: Elderly Housing
Concentration and Fertility
Joint with Ursula Berresheim

Abstract: The United States faces record-low fertility rates amid persistently
high housing costs and a constrained housing supply. One factor may be the
limited downsizing of empty-nesters and retirees, which concentrates housing
among elderly cohorts and restricts access for young families during their prime
childbearing years. This paper investigates the link between low fertility and
the high elderly housing concentration. In the U.S. context, we document a
strong association between low fertility and both high elderly housing concen-
tration and low housing supply elasticity. To quantify the underlying mech-
anisms, we develop a general equilibrium overlapping generations model with
endogenous fertility and housing. In the model, two frictions dominate: liq-
uidity constraints among young households, which prevent them from access-
ing housing large enough to comfortably raise children, and habit formation
among older cohorts, which discourages downsizing and fosters elderly hous-
ing concentration. We conduct counterfactual policy analysis aimed at raising
fertility through a reduced elderly housing concentration. An increase in prop-
erty taxation reduces elderly housing concentration, but depresses fertility and
welfare. Liquidity-focused interventions are more effective: a targeted trans-
fer to young parents simultaneously raises fertility, reduces concentration, and
generates large welfare gains. Yet, the cohort-specific welfare decomposition
shows that these gains come partly at the expense of older cohorts.

0I am deeply grateful to Michèle Tertilt and Matthias Meier for their invaluable guidance and support
throughout this project. Furthermore, I appreciate the insightful comments and constructive feedback
from Miren Azkarate-Askasua, Andreas Gulyas, Minki Kim, Moritz Kuhn, David Koll, and Ana Moreno-
Maldonado. Their input has been invaluable in shaping this work. All remaining errors are our own. This
research was supported by the state of Baden-Württemberg through bwHPC and by the German Research
Foundation (DFG) through grant INST 35/1597-1 FUGG. Financial support from the German Research
Foundation (CRC-TR-224 project C5) is gratefully acknowledged.
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3.1 Introduction

In the United States, fertility rates have fallen to historic lows alongside persistently high
housing costs. While both phenomena have attracted growing policy concern, one piece of
the puzzle has been received less attention: the intergenerational distribution of housing.
Older homeowners occupy a large share of the housing stock, and their limited downsizing
constrains the supply of homes for potential parents. The result is a tightening housing
market in which young families face limited housing space and affordability pressures
precisely during their prime childbearing years. This raises the main questions of our
paper: Does the housing wealth of the elderly negatively affect young families’ fertility?
And if so, which frictions drive this concentration, and which policies can address both
outcomes simultaneously?

We document four stylized facts about the U.S. housing market: First, there is a
negative relationship between the elderly concentration of housing and fertility rates. Sec-
ond, fertility rates are higher in Metropolitan Statistical Areas (MSAs) with more elastic
housing supply. Third, there is a concentration of housing space among elderly cohorts.
Fourth, homeowners with children tend to live in larger homes and incur larger housing
expenditures.

To address our research questions, we develop an overlapping-generations model with
endogenous fertility. Households make decisions over housing, non-durable consumption,
and savings, and in the first stage of adulthood, they additionally choose fertility. The
economy features both a non-durable goods sector and a housing production sector. The
government operates a pay-as-you-go pension system and redistributes tax revenues. The
model captures two major trade-offs. The first is the fertility trade-off: households de-
rive warm-glow utility from having children but face higher consumption expenses and
a disutility from lower per capita housing space and quality. The second is the elderly
downsizing trade-off: although older households no longer have children and experience
lower incomes—factors that should reduce housing demand—habit formation, the bequest
motive, and housing illiquidity limit their willingness and ability to downsize. Households
do not internalize how their fertility choices affect future cohort sizes and social security
tax burdens, while older cohorts do not consider how limited downsizing constrains hous-
ing supply and, in turn, influences fertility decisions. Together, these frictions create scope
for policy interventions that can simultaneously boost fertility and reduce elderly housing
concentration.

We calibrate the model to U.S. data, targeting the age-specific profiles of durable
and non-durable consumption, as well as aggregate bequests and fertility. We proceed in
two steps: first, analyzing how different housing frictions contribute to elderly housing
concentration and fertility, and second, evaluating the effects of policy counterfactuals.

Within the model, we find that two frictions are the primary drivers of elderly housing
concentration and low fertility: liquidity constraints among young households and habit
formation among older cohorts. In a counterfactual exercise where we relax the loan-to-
value constraint, housing consumption among young households rises, fertility increases
by 3.63 percent, and elderly housing concentration declines by 7.82 percent. Eliminat-
ing habit formation generates the largest fertility and housing concentration responses
of any experiment in the paper, with fertility rising by 5.67 percent and elderly housing
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concentration falling by 46.51 percent. Transaction costs and the bequest motive also
contribute to higher elderly housing concentration, but their removal does not raise fer-
tility: removing transaction costs raises house prices, which reduces housing affordability
for young parents. Eliminating the bequest motive reduces expected transfer income for
liquidity-constrained young households, which lowers their fertility through the income
channel.

The two primary frictions that we identify differ in their policy accessibility. Liquidity
constraints can be directly targeted through fiscal instruments. A targeted transfer to
young parents raises fertility by 0.53 percent, reduces elderly housing concentration by
0.47 percent, and generates a welfare gain of 4.58 percent for newborns and 1.24 percent
under a utilitarian metric. An inheritance tax with lump-sum redistribution achieves more
modest but consistent improvements across both dimensions at slightly negative, but near-
zero utilitarian welfare cost. Habit formation, by contrast, is a deep preference parameter
that cannot be directly targeted by policy. The most natural instrument for addressing
elderly downsizing, a property tax increase, reduces housing concentration but depresses
fertility by 0.07 percent and reduces welfare by 0.27 percent. Fertility declines despite a
potential relaxation of their binding constraint through lower house prices, as housing user
costs rise for young parents. We conclude that the intergenerational housing allocation
matters for fertility, but low fertility is better addressed by easing young households’ access
to housing than by trying to change elderly behavior through prices. The cohort-specific
welfare analysis points to one caveat: the most effective pro-natalist policies achieve their
gains partly through redistribution from older to younger households. The aggregate
welfare improvements therefore mask heterogeneous effects across cohorts, and any policy
assessment should account for these distributional consequences alongside the fertility and
concentration targets.

Our paper contributes to three strands of the literature. First, we complement the
empirical literature linking housing markets and fertility (L. J. Dettling and Kearney
2014; Lovenheim and Mumford 2013; Doornik et al. 2025) by embedding the housing-
fertility decision in a general equilibrium framework, allowing us to quantify frictions
and evaluate policies while including general equilibrium effects. Second, we extend the
quantitative life-cycle housing literature (Aydilek 2013; Cocco and Lopes 2020; Yang 2009)
by introducing endogenous fertility, enabling us to study how housing frictions affect not
only housing allocation but also fertility decisions. Third, we add to the growing literature
integrating endogenous fertility with housing (Day and Guest 2016; Coeurdacier et al.
2023; Couillard 2026). Most closely related to Couillard (2026), we take a complementary
overlapping-generations approach that explicitly links elderly housing inertia to younger
cohort fertility through price externalities, while also evaluating the welfare implications
of alternative policy instruments.

This paper is structured as follows. Section 3.2 situates our work within the existing
literature. Section 3.3 presents the empirical facts that motivate the model’s specification
and estimation. Section 3.4 introduces the quantitative model, and Section 3.5 outlines
how the model parameters are specified. In Section 3.6, we decompose key properties of
the baseline economy, while Section 3.7 presents the main counterfactual policy analyses.
Finally, Section 3.8 concludes.
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3.2 Related Literature

A substantial body of empirical research has established a link between housing market
dynamics and fertility decisions. Studies find that higher house prices tend to increase
fertility among homeowners through housing wealth effects, while simultaneously reducing
fertility among renters (Ang et al. 2024; Atalay et al. 2021; Daysal et al. 2021; L. J. Dettling
and Kearney 2014; Lovenheim and Mumford 2013; Meng et al. 2023). Conversely, Yi and
Zhang (2010) find that house price inflation may reduce overall fertility rates through both
income and substitution effects. Finally, Cumming and L. Dettling (2024) highlight the
role of the mortgage market in transmitting monetary policy to fertility behavior, showing
that declines in policy interest rates can increase fertility by raising household disposable
income.

Empirical evidence further indicates that housing policies significantly shape housing
allocations. For example, high transaction costs, such as transfer taxes or age-specific
property taxation, are associated with lower residential mobility (Ferreira et al. 2010;
Hilber and Lyytikäinen 2017). In contrast, higher property taxes can increase the mobility
among elderly homeowners (Shan 2010).

In addition, empirical research has documented the role of down-payment requirements
and credit constraints for homeownership, especially for younger households (Fuster and
Zafar 2016; Acolin et al. 2016; Tracey and Van Horen 2025). Going one step further,
Doornik et al. (2025) shows empirically that access to credit and transitions into home-
ownership raises fertility, as it enables households to secure more suitable living conditions.

We contribute to this literature by embedding the housing-fertility decision within a
general equilibrium framework. This allows us to quantify the effect of housing market
frictions and evaluate counterfactual housing policies while accounting for their general
equilibrium effects.

Quantitative models have been used to analyze the impact of the above-mentioned
housing policies. In particular, several studies examine the relationship between intergen-
erational housing allocation and property taxation (Chiocchio 2024; Coven et al. 2024;
İmrohoroğlu et al. 2018). Other research more broadly assesses the implications of elim-
inating mortgage interest deductions (Sommer and Sullivan 2018), as well as housing
policies aimed at reducing spatial misallocation (Favilukis et al. 2023).

Our paper also relates to quantitative research on housing over the life-cycle. To repli-
cate life-cycle patterns in housing consumption, down payment requirements, transaction
costs, and habits or place attachment are important ingredients (Aydilek 2013; Cocco and
Lopes 2020; Yang 2009). Other reasons for intergenerational differences in housing alloca-
tions are intergenerational changes in earnings and asset prices (Attanasio, Bottazzi, et al.
2012; Paz-Pardo 2024). More broadly, Chiocchio (2024) links the rise in house prices to
declining marriage rates via longer parental co-residence.

We contribute by enhancing housing models over their life-cycle with an endogenous
fertility choice. This approach enables a greater understanding of the impact of model
features and housing policies not only on housing allocation but also on fertility decisions.

Several previous studies have examined declining fertility rates using structural models
with endogenous fertility. For example, Blackburn and Cipriani (2002) attribute declin-
ing fertility to rising life expectancy. Other studies examine fertility responses to eco-
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nomic transitions (Doepke 2004; Elgin 2012) and business cycle fluctuations (Jones and
Schoonbroodt 2016). Hock and Weil (2012) focus on how the interaction between fertility
and intergenerational transfers affect consumption possibilities. We contribute to this lit-
erature by analyzing how the concentration of housing among elderly households affects
fertility choices.

Finally, a small but growing literature integrates endogenous fertility with housing
considerations. However, these models do not allow for an endogenously emerging inter-
generational inequality in housing consumption. Day and Guest (2016) show that incorpo-
rating housing costs can attenuate the negative substitution effect of higher female wages,
potentially increasing fertility. Moreno-Maldonado and Santamaria (2024) examine how
delayed childbearing contributes to urban revival, with house prices acting as an amplifier.
Coeurdacier et al. (2023), using a quantitative life-cycle spatial model with endogenous
fertility and demographics, highlight the stabilizing role of housing markets for population
size and uncover a negative spatial density-dependence of fertility. Most closely related,
Couillard (2026) estimates a spatial model of the joint housing-fertility choice to assess the
effects of rising housing costs on fertility. We take a complementary approach, developing
a general equilibrium overlapping-generations model to explicitly link elderly inertia to
downsize to the younger cohort fertility through price externalities.

3.3 Stylized Facts

We use data from the American Housing Survey (AHS, 2015–2019), the American Com-
munity Survey (ACS, 2015–2019), and housing supply elasticities as estimated by Saiz
(2010). Our analysis focuses on owner-occupied housing.1 We document four key stylized
facts.

First, we find a significant negative relationship between elderly housing concentra-
tion and fertility rates across metropolitan statistical areas (MSAs). Using pooled data
from the 15 largest MSAs between 2015 and 2019, we calculate the share of total housing
space occupied by older homeowners. Figure 3.1 plots this measure of elderly housing
concentration against MSA-level fertility rates. Given that elderly housing concentration
may be positively correlated with the average age of the population, we estimate a regres-
sion controlling for average MSA age. The negative relationship between elderly housing
concentration and fertility remains statistically significant even after this adjustment (see
Table 3.12 in the Appendix).

Second, fertility rates are higher in MSAs with more elastic housing supply. Figure
3.2 presents a binned scatter plot of fertility rates in 2019 against the housing supply
elasticities for 236 MSAs, as estimated by Saiz (2010). In areas with low supply elasticity,
obtaining a building permit for new construction is more difficult, leading households to
compete for existing housing stock. This association is consistent with the interpretation
that inelastic supply constrains household formation and depresses fertility.

1We restrict the AHS sample to owner-occupied households with heads aged 20 years or older. Ob-
servations are excluded if housing expenditure shares (monthly housing costs relative to monthly income)
exceed one, or if household income is missing or implausibly low (below half the minimum wage multiplied
by standard working hours, weeks worked, and the pension replacement rate).
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Figure 3.1: Fertility and elderly housing concentration
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Note: The figure is based on pooled data from the ACS (2015–2019) and AHS (2015–2019) for the top 15
MSAs. The share of housing space occupied by older homeowners is measured as the ratio of total square
footage owned by homeowners aged 55 and above to the total square footage owned by all homeowners,
by MSA and year (AHS). The fertility rate per 1,000 women refers to women aged 15–50 (ACS).

Third, housing space per capita is unevenly distributed across age groups (pooled
across all MSAs). We measure housing space both in terms of square feet per person and
number of bedrooms per person. Both measures yield a consistent pattern: housing space
per capita is relatively low for younger individuals and reaches its minimum in the 40–44
age bracket, coinciding with the period when households are most likely to have children
(see Figure 3.3). Beyond this age group, housing space per capita increases steadily. This
is consistent with the interpretation that children gradually leave the household and that
older adults accumulate housing assets. However, this cross-sectional pattern may also
reflect cohort effects rather than pure life-cycle transitions.

Figure 3.2: Fertility and housing supply elasticities
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Figure 3.3: Housing space across age groups
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Fourth, homeowners with children tend to live in larger homes and allocate a greater
share of their expenditures to housing. Figure 3.4 illustrates this pattern by comparing
house size (Panel A) and housing expenditure shares (Panel B) between homeowners with
and without children across the income distribution. Across all income quintiles, house-
holds with children consistently choose larger homes and devote a higher proportion of
their budget to housing. This result remains robust when using the total number of rooms
as an alternative measure of house size (see Figure 3.9 and Figure 3.10 in the appendix).
These findings are consistent with complementarity between housing and fertility, though
they could also reflect reverse causality or selection of family-oriented preferences.

Figure 3.4: Fertility and housing choices
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the provided sample weights. Households are classified as having children if at least one child resides in
the housing unit.
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To rationalize these findings, we develop a model with endogenous fertility in which
the number of children influences the utility derived from housing space. This framework
allows us to decompose the underlying drivers of the observed life-cycle patterns and to
conduct counterfactual policy analyses.

3.4 Model

Time is discrete and in each period, J representative cohorts coexist.2 The life-cycle is
divided into four stages, j ∈ {0, 1, 2, 3}, corresponding to child, young parent, empty-
nester (working adult without children), and retiree. In each stage, excluding the child
stage, households make decisions regarding consumption, savings, and housing. In the first
adult stage (j = 1), young parents additionally choose their fertility rate. A representative
firm produces the numéraire consumption good, while housing is supplied via an indirect
supply function. The government operates a pay-as-you-go retirement system that finances
pensions for retirees and redistributes revenues from property and sales taxes. Bequests
are redistributed among living cohorts, and financial intermediaries offer mortgages and
collect deposits at fixed interest rates.

Before presenting the model in detail, we highlight two key features of our framework.
First, households face a trade-off when deciding on their fertility rate. On one hand,
they derive a warm-glow utility from having children. On the other hand, additional
children reduce per-capita housing space and quality, while increasing both consumption
expenditures and housing maintenance costs. Households do not internalize that their
fertility choices affect future cohort sizes, and thus influence the magnitude of both the
social security tax burden and aggregate housing demand.

Second, our model can replicate the empirically observed limited downsizing through
two mechanisms: habit formation and the bequest motive. Households develop habits
over their housing consumption, making them reluctant to reduce their housing size after
retirement. Additionally, housing is illiquid due to transaction costs incurred when selling
property, which might further discourages downsizing. Upon retirement, the bequest
motive reinforces this reluctance: all else equal, it is more advantageous to bequeath a
house than to bequeath its liquidated value, which is diminished by transaction costs.

3.4.1 Population

Every cohort transitions to the next life stage with stage-specific survival probabilities
denoted πj ∈ [0, 1], where π0 = 1 and π3 = 0. All individuals survive until the young
parent stage, and certain death occurs at the end of the retiree stage. The fertility rate n1

determines the size of the newborn cohort. Let N j
t be the size of cohort j at time point t,

then cohort sizes evolve as follows:

N j
t = πj−1N

j−1
t−1 for j > 1 and N1

t = n1N
1
t−1 (3.1)

2We omit time indices henceforth, as the analysis focuses on the stationary equilibrium.
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Further, denote Nt the total population size in period t. One can show in the stationary
equilibrium, given cohort j = 1’s fertility rate n1, that the total population grows at rate
n1.3 Assuming time-independent survival rates, it follows that, in the stationary equilib-
rium, each cohort j has a constant population share µj .4 Both the survival probabilities
and the fertility choice affect the relative cohort shares in the stationary equilibrium. A
higher fertility implies a relative decrease in the share of older cohorts, while a higher
survival rate acts in the opposite direction.

3.4.2 Households

Households choose non-durable consumption cj , housing hj , and in the young parent stage,
j = 1, their fertility rate n1. They can further save in liquid assets (in that case bj+1 > 0)
or borrow a collateralized loan (with bj+1 < 0 ). As we study representative cohorts,
consumption, housing, savings and fertility choices are continuous by construction.

Preferences Preferences are separable across life stages and states of the world. House-
holds maximize lifetime utility, discounted at rate β ∈ (0, 1), as follows:

J∑
j=1

βj−1

j−1∏
k=0

πk

[u(cj , hj , nj) + β(1− πj)B(bj+1, hj)
]
. (3.2)

Utility is derived from flow utility u(cj , hj , nj) and bequest B(bj+1, hj). The former takes
the form:

u(cj , cj−1, hj , hj−1, nj) = 1
1− σ

[
(1− ψ)c̃1−α

j + ψh̃1−α
j

] 1−σ
1−α

− κh
1

1 + γ

(
nj
hj

)1+γ

+ Ij=1κn
n1−σ
j

1− σ ,

c̃j = cj − ξccj−1 and h̃j = hj − ξhhj−1 ,

nj = 0 for j > 1 ,
(σ, ψ, α, κn, κh, ξc, ξh) ∈ R7

+ , γ > −1.

(3.3)

Utility from non-durable consumption and housing follows a nested CES structure, where
1/α represents the intra-temporal elasticity of substitution between the two goods, and ψ
governs the relative importance of housing in utility. Meanwhile, σ pins down the constant
coefficient of relative risk aversion. Following Ravn et al. (2006), we model habit formation
in consumption and housing from cohort j > 1 with degrees ξc and ξh, respectively. The
cases ξc = 0 and ξh = 0 nest the specification in the absence of habit formation.5

Following Doepke and Tertilt (2016), we assume that households display an additive
warm-glow motive for children when they are in the young parents stage (j = 1) with

3For a derivation see Heer and Maußner (2024).
4For derivations see Heer and Maußner (2024).
5This formulation of habit persistence captures the idea that homeowners become accustomed to a

certain housing size and are reluctant to downsize after living in a larger unit. Since the model represents
a representative cohort, it abstracts from other dimensions of habit formation, such as the desire to remain
in the same house or neighborhood after adapting it to individual needs.
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importance weight κn. Motivated by the empirical observation that per-capita housing
space declines with household size, we introduce a crowding disutility term, weighted by κh.
This captures the idea that the disutility of an additional child is mitigated by larger per-
capita housing space. Hence, housing h and fertility n enter preferences as complements,
since the cross-partial derivative is positive (i.e. ∂2u(cj , hj , nj)/∂nj∂hj > 0).6

The utility from leaving a bequest in liquid savings and housing takes the form:

B(bj+1, hj) = κν
[(1 + r)bj+1 + phj + ν]1−σ

1− σ . (3.4)

The functional form follows the specification in De Nardi and Yang (2014). Parameter κν
captures the strength of the bequest motive, while ν governs the degree to which bequests
are considered a luxury good. Bequests can occur intentionally in the final period or acci-
dentally in earlier periods due to stochastic survival. Liquid savings intended for bequest
earn interest at a rate r before being passed on to remaining cohorts, while housing be-
quests are valued at market prices and thus scaled by the house price p.

Budget Constraints Households are subject to the budget constraint:

bj+1 + e(nj) cj +Q(hj , hj−1) = yj + (1 + r)bj . (3.5)

Households allocate their income yj , specified in detail below, along with returns on savings
(or net of loan repayments), to consumption, new savings or borrowing, and housing
expenditures, which are captured by the function Q(hj , hj−1). Specifically, those costs are
defined as follows:

Q(hj , hj−1) =

τpphj + δ(nj)phj if hj = hj−1

τpphj + δ(nj)phj − p(hj−1 − hj) + (τs + ω)phj−1 if hj 6= hj−1
(3.6)

Both housing maintenance costs (in the housing expenditure function) and non-durable
consumption expenditures are scaled by child-equivalence factors, e(nj) > 0 and δ(nj) > 0,
respectively, with e′(nj) > 0 and δ′(nj) > 0, to reflect that these ‘running’ costs increase
with the number of children.7 Housing costs further include property taxation at a rate
τp and, upon a change in housing, the net gain/loss from selling and buying a new house,
net of transaction costs from selling ω.8 In addition to the transaction costs ω, the
government levies a proportional sales tax τs. Young parents start the period with zero
housing endowment (h0 = 0) and no initial liquid assets (b0 = 0).

Households can take on collateralized loans, subject to the following loan-to-value

6This preference specification does not automatically impose Slutsky complementarity, as the sign
of ∂n∗j/∂p is governed by parameters κh, γ which are calibrated internally to match observed empirical
moments.

7Unlike non-durable consumption, which is adjusted for household size via adult equivalence scales
e(n), housing is not mechanically tied to the number of children. Instead, households choose their housing
space, trading off lower expenditure against the disutility of crowding.

8For completeness, the housing cost function includes the case of the absence of housing transaction;
however, given the continuous nature of housing choices in the representative cohort framework, this
constitutes a special corner case.
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(LTV) constraint:
bj ≥ −λphj (3.7)

stating that debt can be accumulated up to a share λ ∈ (0, 1) of the housing market value
and consequently a down payment (1− λ)ph is required.

Finally, we impose a full-repayment constraint on debt in the last period, i.e., retirees
need to repay their mortgage debt before death:

(1 + r)bJ ≥ 0 . (3.8)

Income The household derives cohort-specific income, denoted yj , which takes the
following form:

yj =

(1− τss)ylj + aj + T if j = {1, 2}
yp + aj + T if j = 3

(3.9)

In every life stage, households receive, cohort-specific bequest aj and homogeneous, lump-
sum transfers T from total tax revenues in property taxation and housing sales taxation.
Labor income yj of the working cohorts (j = {1, 2}) is subject to a flat social-security tax
τss to directly finance pension income yp of the retired cohort j = 3. Cohorts receive a
constant share dj of aggregate bequests A = ∑J

j=1 µj(1− πj)[(1 + r)b(Ωj) + ph(Ωj)], such
that aj = djA. Labor income of the working population is specified by:

ylj = wz(j). (3.10)

Labor is supplied inelastically and normalized to one. Accordingly, labor income is deter-
mined by the equilibrium wage rate w, scaled by a cohort-specific productivity term z(j).

Decision Problem The decision problem of the household can then be written in the
standard recursive form. For that, let Ωj = (hj−1, bj) be the cohort-specific state vector,
which takes the current housing endowment and assets. Let ιj be the corresponding choice
vector, with:

ιj =

 (bj+1, hj , nj) for j = 1
(bj+1, hj) for j ∈ {2, 3}.

(3.11)

The Bellman Equation then writes as:

Vj(Ωj) = max
ιj

u(cj , cj−1, hj , hj−1, nj) + πjβ Vj+1(Ωj+1) + (1− πj)βBj+1

subject to Preferences (3.3), Bequest (3.4), Budget Constraint (3.5),
LTV (3.7), Terminal Debt (3.8), Labor Income(3.10).

(3.12)

3.4.3 Supply Side

The supply side of the economy consists of two sectors: the final goods sector and the
housing sector.

Non-durable Consumption Good Sector The numéraire, non-durable consumption
good is produced by a representative firm under perfect competition conditions using



136 Chapter 3. Limited Downsizing of Empty-Nesters

the linear technology YC = ΘCLC , where ΘC denotes total factor productivity and LC

aggregate efficiency units of labor employed by the non-durable goods’ sector. The firm
then chooses optimal labor demand according to the following maximization problem:

max
LC

ΘCLC − wLC . (3.13)

Housing Sector We model the housing sector as the following indirect supply function:

HS = H̄pρ. (3.14)

We borrow this approach from Moreno-Maldonado and Santamaria (2024). The housing
stock evolves as a function of the house price p with price elasticity ρ, scaled by parameter
H̄ that is assumed to grow at the population growth rate n1.9

3.4.4 Government

The government has a dual role: it operates the pay-as-you-go pension system and collects
property and housing sales taxes, which are redistributed as uniform lump-sum transfers.
In both cases, the government budget is balanced. Specifically, the pay-as-you-go pension
scheme works as follows:

τss(µ1y
l
1 + µ2y

l
2) = µ3y

p, (3.15)

where τss denotes the social security tax and µj age-specific population shares. In addition,
the government raises property taxes τp and housing sales tax τs and redistributes those
as uniform, lump-sum transfer T :

T = τp

J∑
j=1

µjph
∗(Ωj) + τs

J∑
j=2

µjph
∗(Ωj)I[h∗(Ωj) 6= h∗(Ωj−1)]. (3.16)

3.4.5 Equilibrium Definition

Given the assumptions we impose, all equilibrium conditions scale by total population size;
we can therefore rewrite all optimality conditions in per-capita terms. For that purpose
define per-capita variables for housing supply scale h̄ = H̄

Nt
and labor demand l̂C = LC

Nt
.

We assume that b1 = 0.
The competitive, stationary equilibrium of this economy consists of constant wage

rate and house price {w∗, p∗}, pension income y∗p, uniform lump-sum transfers T ∗, policy
functions h∗(Ωj), n∗(Ωj), b′∗(Ωj), cohort-specific bequests {a∗1, a∗2, a∗3} and constant cohort
shares {µ∗1, µ∗2, µ∗3} such that the following conditions hold:

i) For given prices, tax rates, lump-sum transfers and pension income, households solve
decision problem (3.12) to get the policy functions h∗(Ωj), n∗(Ωj) and b′∗(Ωj).

ii) For given prices, the representative final goods’ producer chooses aggregate labor
input to maximize profits under perfect competition (3.13) such that w = ΘC .

9This formulation allows the model to be expressed in per-capita terms. It can be interpreted as the
government issuing additional building permits in response to population growth.
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iii) The population evolves according to the law of motion in Equ. (3.1).

iv) Governments budgets for the pay-as-you-go pension scheme and the lump-sum re-
distribution of tax revenues in property and sales tax clears (Equ. (3.15) and (3.16)).

v) Total (accidental) bequests equals total cohort-specific income from bequests:

J∑
j=1

µj(1− πj)[(1 + r)b∗(Ωj) + ph∗(Ωj)] =
J∑
j=1

µja
∗
j .

vi) The labor market, housing market, and goods market (implied by Walras’ Law)
clear, respectively:

l̂∗C = µ1 + µ2

J∑
j=1

µj(1 + δ(n∗(Ωj)) )h∗(Ωj) = h̄pρ

J∑
j=1

µj(e(n∗(Ωj))c∗j + ωp∗h∗(Ωj−1)I[h∗(Ωj) 6= h∗(Ωj−1)]) = ΘC l̂
∗
C .

3.5 Calibration

In this section, we describe the model calibration. We proceed in two steps. First, we
determine a set of parameters externally using standard parameters from the literature,
normalizations, or direct estimates from the data. Table 3.1 summarizes the externally
determined parameters. Second, we estimate the remaining set of parameters internally
to match basic desirable features observed in the data.

Demographics Each life stage spans 20 years: children are aged 0–19 (j = 0), young
parents 20–39 (j = 1), empty-nesters 40–59, and retirees 60–79. Survival rates for young
parents and empty-nesters are set according to the survival probabilities reported in the
Actuarial Life Table of 2004. Retirees die deterministically at the end of their life stage.
To determine the distribution of bequests across adult cohorts, we draw on data from
the 2001–2019 Survey of Consumer Finances to examine inheritances received by different
age groups. The majority, 61%, of inheritances accrue to individuals in the empty-nester
stage, consistent with the age at which their parents typically pass away, while 26% go to
retirees and 13% go to young parents.

Utility Preference parameters are set to standard values from the literature. We adopt
a yearly discount factor of 0.98 and a coefficient of relative risk aversion of 1.5, following
Attanasio, Low, et al. (2008). Consistent with Kaplan et al. (2020), we set the elasticity
of substitution between goods to 0.8 and, in line with Aydilek (2013), assume no habit
formation in non-durable consumption.

Labor Income and Household Finances Median household income by age group is
constructed from the 2020 Current Population Survey (CPS) Annual Social and Economic
Supplement (Table A-1, P60-273), which reports median income and household counts
across six age-of-householder brackets (15–24, 25–34, 35–44, 45–54, 55–64, and 65+). To
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Table 3.1: External parameters

Parameter Interpretation Value Source
Demographics

J Number of adult cohorts 3 -
Tj Length of life stage 20 Life expectancy of 80 years

[π1, π2, π3] Cohort specific survival rates [0.978, 0.912, 0.0] Actuarial Life Table of 2004
(Social Security Administration)

[d1, d2, d3] Bequest shares [0.13, 0.61, 0.26] Inheritance received by
age group (SCF, 2001-2019)

Preferences
β Yearly discount factor 0.98 Attanasio, Low, et al. (2008)
σ Risk aversion 1.5 Attanasio, Low, et al. (2008)
α Substitutability of h and c 0.8 Kaplan et al. (2020)
ξc Habit formation in consumption 0.0 Aydilek (2013)
ν Degree of luxury of bequests 1.0 Set equal to median income

Labor productivity / retirement income
z1 Young parent 0.81 Household income by age

(CPS ASEC 2020)
z2 Empty-nester 1.0 Normalization
z3 Retirees 0.47 Replacement ratio

Household finances
λ Loan-to-value limit 0.74 Boar et al. (2022)

discounted by r
Housing

δ(n) Yearly housing depreciation 0.015 δ(n) = δ, Kaplan et al. (2020)
ω Transaction costs 0.07 Kaplan et al. (2020)

Taxes
τp Yearly property tax 0.01 Kaplan et al. (2020)
τsell Housing transfer tax 0.005 Average regional transfer tax

Production
ΘC Total factor productivity 1.0 Normalization

Note: Annual values are converted to 20-year periods where applicable.

map these onto the three 20-year brackets used in this paper (15–40, 40–60, and 60–80),
we split the two Census brackets that straddle our cutoffs (35–44 and 55–64) proportion-
ally, assuming a uniform distribution of households within each bracket, and compute
household-count-weighted averages of the bracket-level medians. Median household in-
come is normalized to one for the 40–60 age group, and the incomes of the remaining age
groups are expressed as ratios relative to this value. The social security tax is determined
by the replacement rate during retirement and the equilibrium cohort shares. The annual
interest rate is set to 1.5%, and the loan-to-value ratio is limited to 74% of the house value.

Housing and consumption We set the annual housing depreciation rate to 1.5% and
the transaction cost of selling a house to 7%, following Kaplan et al. (2020). The annual
property tax rate is calibrated to 1%, consistent with their specification. We set the hous-
ing transfer tax at 0.5 percent, the average of regional housing transfer taxes. Equivalence
scales of non-housing consumption are based on values reported in Yang (2009). Table
3.13 contains the corresponding values for different sizes of families. We assume that the
equivalence scale can be approximated by a linear function e(n) = 1.0 + slopee · n with
slopee = 0.64.

The remaining parameters (κν , ξh, κn, ψ, κh, H̄, γ) are calibrated internally to match
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aggregate bequests, average house value over income, the differences between age groups
in net house wealth as well as house size, the average fertility rate, and the elasticity
of house size to the number of children. Table 3.2 reports the values of these internally
calibrated parameters.

Table 3.2: Internally calibrated parameters

Parameter Interpretation Value
γ Degree of home crowding -0.4830
κh Strength of disutility of home crowding 0.0179
κn Strength of warm glow utility 0.3730
κν Strength of bequest motive 0.5627
ψ Relative preference for housing 0.2154
ξh Habit in housing consumption 0.4751
H̄ Housing supply shifter 0.1561

Note: The parameters are jointly calibrated to match the following moments: average fertility rate, wealth
at death to retirement income, as well as house size, house value to income and net housing wealth to
income over the life-cycle.

The model matches the targeted moments reasonably well, as summarized in Table 3.3.
The average fertility rate of 1.62 closely replicates the U.S. target of 1.64, and the average
home value-to-income ratio of 3.61 aligns with the empirical ratio of 3.88. The model
also replicates a house-size elasticity with respect to the number of children of around 10
percent. Housing net wealth over income and relative house sizes across age groups are
matched qualitatively. The model falls short in jointly matching wealth at death and house
size over the life-cycle. Since households hold only one asset besides housing, they cannot
simultaneously hold liquid assets and mortgage debt, whereas in the data, a substantial
share of households die with outstanding mortgage debt alongside positive liquid asset
holdings.

We validate the model against untargeted moments. Population shares are imprecisely
matched. Since average fertility is below the reproduction rate and death probabilities are
calibrated externally, the model underestimates the size of younger cohorts in the absence
of migration. Despite this, the model closely replicates housing space per person across
age groups. This can be explained by the absence of partner death in the model, which
in the data raises housing space per capita among retirees. Finally, the model closely
replicates the fertility response to house price changes, using the empirical estimate from
L. J. Dettling and Kearney (2014) as a non-targeted moment.

3.6 Properties of the Economy: Two Main Trade-Offs

In this section, we describe the life-cycle patterns of the economy and highlight two key
trade-offs shaped by housing frictions, which motivate the policy interventions studied in
Section 3.7. The first trade-off arises in young parenthood: households choose the number
of children under liquidity constraints and the utility cost of shared housing space with
children. The second arises in old age: households must adjust housing consumption to a
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Table 3.3: Model Calibration

Model Data
Targeted moments
Average fertility 1.62 1.64
House size elasticity 0.14 0.11
House value over income (mean) 3.61 3.88
Wealth at death / retirement income 5.33 3.37
Net house wealth over income
Age 20-39 0.63 0.89
Age 40-59 2.54 1.49
Age 60-79 5.33 2.76
House size (normalized to 1 at age 40-59)
Age 20-39 0.7725 0.9259
Age 60-79 0.9858 0.9506

Non-targeted moments

Housing shares (in %)
Young 14 16
Empty-nester 41 40
Retiree 45 44
Population shares (in %)
Young 28 38
Empty-nester 34 37
Retiree 38 25
%∆ in fertility to +1% in house price −0.2 −0.4

Note: Housing wealth and size over the life-cycle as well as the house size elasticity (with respect to family
size) is based on pooled data from the AHS (2015-2019). The average fertility rate for 2020 is based on
FRED. The ratio of median total wealth at death to median retirement income is constructed based on the
HRS (see main text). Housing shares are calculated as a the percentage of housing (measured in square
feet per person) occupied by age group, relative to the total housing per person. Population shares are
based on the US 2020 Census. Estimates on the elasticity of fertility to changes in house prices are based
on L. J. Dettling and Kearney (2014), who report that a $10,000 rise in house prices leads to a 2.4% decline
in fertility among non-owners in the US. We impute the elasticity using the reported median house price
of $162,356.

declining income profile, despite several frictions that hinder downsizing. The two trade-
offs interact: elderly housing concentration affects fertility through house prices, while
higher fertility shifts the population toward younger cohorts, in turn reducing elderly
housing concentration. We examine the key frictions underlying each trade-off and assess
which can be targeted by policy to increase fertility.

3.6.1 Life-cycle Patterns in Consumption, Housing, and Housing Con-
centration

The model replicates the key features of life-cycle consumption patterns documented in
the literature (Yang 2009). Figure 3.5 illustrates the per-capita life-cycle profiles of non-
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Figure 3.5: Per-capita life-cycle profiles in non-durable consumption and housing

Note: Panel (A) and (B) plots non-durable consumption and housing space by age group j. It shows per
capita non-durable consumption (cj) and per capita housing space (hj/(1 +nj)) as well as household level
consumption (e(nj)cj) and house space (hj). Panel (C) plots housing expenditures defined as maintenance
costs and property taxes by age groups expressed in relation to total expenditures (the sum of non-durable
consumption and housing expenditures), as well as non-durable consumption. We normalize the values of
young parents j = 1 to one.

durable consumption and housing implied by the model. To track the evolution over
the life-cycle, we normalize the per-capita non-durable consumption and housing space of
young parents j = 1 to one. Non-durable consumption (Panel A) exhibits an inverse U-
shape over the life-cycle, whereas housing consumption (Panel B) declines only marginally.
Housing expenditure shares rise over the whole life (Panel C), in line with the empirically
observed pattern documented by Yang (2009).

The shape of the life-cycle profile of non-durable consumption can be explained by
changes in disposable income over the life-cycle and financial constraints. Young cohorts
experience rising income profiles but face borrowing constraints that prevent them from
accumulating uncollateralized debt, limiting early-life consumption. As disposable income
increases, non-durable consumption gradually rises, but it eventually declines again upon
retirement as income falls. By contrast, the shape of the housing consumption profile re-
flects additional trade-offs that explain the differences between the two life-cycle patterns.
When agents are young, they typically cannot afford the down payments and maintenance
costs associated with larger homes, and with children in the household, per-capita hous-
ing consumption remains low. Over time, agents accumulate assets, receive bequests, and
benefit from lower financial burdens as children leave the household. This enables them to
increase housing consumption. Upon retirement, however, housing consumption declines
only slowly, even though income falls, and household size decreases. In our model, several
mechanisms contribute to this pattern: retirees remain in larger homes because of the mo-
tive to bequeath assets and habit formation, which increase the utility cost of downsizing.
As a result, the life-cycle profiles of durable and non-durable consumption diverge.

3.6.2 The Fertility-Housing Trade-off for Young Parents

The housing-fertility relationship is ex-ante ambiguous but identified by em-
pirical moments. In the data, we document that housing consumption rises with the
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presence of children. Recall Figure 3.4: housing demand is systematically higher among
households with children. As we show in this section, the relationship between housing
consumption and fertility is not mechanically assumed by our modeling assumption, but
a result of our calibration.

To understand the fundamental trade-offs between fertility choices and housing con-
sumption, it is illustrative to look at a static version of our main quantitative model.
In this setting, a representative household optimally chooses non-durable consumption c,
housing h and the number of children n optimally. The household derives utility from a
CES aggregator over equivalized consumption and housing, as well as warm-glow utility
from having children, and disutility from raising children in a given housing space. In
this static setting, households do not form habits. The household is subject to the static
budget constraint e(n)c = y − (1 + τp + δ)ph and derives utility based on the following
preferences:

u(c, h, n) = 1
1− σ

[
(1− ψ)c1−α + ψh1−α

] 1−σ
1−α − κh

1
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The household is endowed with income y, which is allocated between the numéraire con-
sumption good c and housing h, purchased at a unit price p with a down-payment (1−λ)ph.
The main trade-off associated with childbearing is straightforward: parents derive direct
utility from children through the warm-glow motive, but children also increase resource
demands. Specifically, they require additional consumption expenditures and introduce a
disutility that declines with larger housing space. With this preference specification, we
assume that h and n enter the utility function as complements.10 However, how optimal
housing demand changes with fertility depends on the sign of the cross derivative, where
both income and substitution effect are at play.

Next, we define Z ≡ (y − (1 − λ + τp + δ)ph and the CES aggregator M ≡ (1 −
ψ)(Z/e(n))1−α + ψ h1−α. Substituting c = Z/e(n) and differentiating with respect to n
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(3.19)
The first term reflects the opportunity cost of children through reduced consumption:
raising n increases e(n), which compresses c and lowers utility. The second term is the
marginal crowding disutility, and the third term reflects the warm-glow motive.

Taking the derivative of (3.19) with respect to h, the cross derivative decomposes into

10Holding c fixed, we verify that the cross-partial derivative is positive; hence, housing and children enter
as complements:

∂2u(c, h, n)
∂n∂h

= κh(1 + γ) nγ

h2+γ > 0. (3.18)
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two channels:
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The crowding channel is unambiguously positive (since we assume γ > −1): a larger
dwelling lowers the crowding ratio n/h, which raises the marginal utility of an additional
child. The consumption channel involves two opposing forces. First, a higher h raises
the user cost of housing and downpayment requirement (1− λ+ δ + τp)ph, which reduces
Z(h) and hence c. This mechanically reduces the term (Z/e(n))1−α, diminishing the
consumption cost of children and contributing positively to ∂2u(h,n)

∂h ∂n . Second, and working
in the opposite direction, a lower c raises the marginal utility of consumption. In other
words, larger housing is costly and reduces consumption, which makes the consumption
sacrifice of having children relatively cheaper—but simultaneously raises the value of each
unit of foregone consumption, partially offsetting this effect. The sign of the overall
consumption channel depends on the curvature parameters (σ, α), the housing share ψ,
and the ratio of the budget residual to the housing user cost. Since we set σ, α and ψ

externally, we use κh and γ to calibrate the model so that the crowding channel dominates
the consumption channel, matching the empirically observed positive elasticity of house
size with respect to the number of children. We estimate γ internally and find a value
below zero, implying that crowding increases less than linearly with household size. In
other words, each additional household member requires less incremental space than the
previous one: a decreasing returns property that is both intuitive and consistent with
standard adult-equivalent scale allowing for resource sharing.

How fertility responds to changes in house prices is ex-ante ambiguous and depends
on the model calibration. Two opposing forces are at play. On the one hand, higher
house prices reduce the optimal housing demand and, since housing and children are
complements, depress fertility. On the other hand, higher house prices generate a negative
income effect, reducing per capita consumption c. By lowering the marginal cost of children
e′(n)c, this may encourage higher fertility. Which channel dominates depends on the
strength of the complementarity, governed by κh and γ, relative to the income effect.
Since we observe a negative fertility-house price elasticity in the data, the complementarity
channel appears to dominate. empirically As reported in Table 3.3, the model closely
matches this non-targeted, empirical moment.

Liquidity constraints of young households as a key driver of housing and fer-
tility choices To illustrate the importance of liquidity constraints for young parents’
housing and fertility decisions, we relax the loan-to-value limit from 0.74 to 0.85. This
relaxation has sizable effects, summarized in Table 3.4: fertility rises by 3.63 percent and
elderly housing concentration declines by 7.82 percent.

The direct effect operates through young parents, who are borrowing-constrained and
fully exploit the higher LTV limit. By financing a larger home with a lower down pay-
ment, they can simultaneously increase housing demand and non-durable consumption.
Since housing and children are complements, the larger home directly reduces the cost of
children at the margin, driving the rise in fertility. The decline in housing concentration is
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driven by two reinforcing channels. First, the largest increase in housing demand occurs
among the most liquidity-constrained group, young parents. This mechanically reduces
the share of housing occupied by older cohorts. Second, because young parents borrow
more under the new LTV limit, older cohorts begin retirement with lower liquid asset
holdings. This induces retirees to downsize more aggressively, using home sale revenues to
finance non-durable consumption rather than drawing on liquid savings (see Figure 3.6).
The rise in fertility further amplifies the decline in concentration by reducing the share of
retirees in the population.

Table 3.4: The role of LTV constraints for housing and fertility

Young Parent Empty-Nester Retiree
Fertility +3.63% - -
Population shares +3.97% +0.33% −3.19%
Housing shares +14.23% −0.35% −7.82%
House size +16.49% +5.31% +0.94%
Non-durable consumption (p.c.) +2.58% +1.13% +3.44%
Assets −34.60% −36.06% 0.00%

Note: Changes are expressed in percentage deviation from the baseline steady state. In the counterfactual
steady state, the loan-to-value limit is relaxed by 15%.

Two general equilibrium effects can further explain the results. Higher fertility reduces
the social security tax burden on the working population, generating positive income ef-
fects for young parents and empty nesters alike. Additionally, habit formation amplifies
the initial increase in housing demand: larger homes chosen in young parenthood raise
the reference point for housing in later stages, sustaining higher housing consumption for
empty-nesters and retirees.

3.6.3 The Housing Downsizing Trade-off for Old Agents

Limited downsizing of old households leads to elderly housing concentration.
The second central trade-off in our model concerns the downsizing decision of older house-
holds. Although elderly households no longer have children and experience lower incomes
(both of which should reduce housing demand) habit formation, bequest motives, and
housing illiquidity limit their willingness and ability to downsize. Moreover, these house-
holds fail to internalize that limited downsizing constrains overall housing supply and, in
turn, influences the fertility decisions of younger cohorts.

These dynamics give rise to a pronounced housing concentration among the elderly.
The model closely replicates the empirical distribution of housing stock across age groups
shown in Table 3.3. Measured as the square footage per person, the model matches the
empirical finding that roughly 44% of total housing space per person is concentrated among
retirees. It also captures the qualitative pattern that empty-nesters own more housing
space than young households but less than retirees. Households’ preferences, both the
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Figure 3.6: Per-capita life-cycle profiles with a relaxed LTV limit

Note: Panel (A) and (B) plots non-durable consumption and housing space by age group j. It shows per
capita non-durable consumption (cj) and per capita housing space (hj/(1 + nj)) for the baseline (solid
line) and the counterfactual scenario with a relaxed LTV limit (dashed line). For both scenarios, Panel
(C) plots housing expenditures defined as maintenance costs and property taxes by age groups expressed
as shares of total expenditures. We normalize the value of young parent-s under the baseline scenario to 1.

bequest motive and habit formation, as well as the transaction costs of housing sales, are
likely to contribute to limited downsizing among the elderly and could be targeted via
policy measures. We isolate their effects on elderly concentration and fertility rates by
analyzing changes in households’ choices in the absence of each feature.11

Without habit formation, consumption patterns of housing and non-durable
consumption are more aligned with life-cycle income, and fertility increases.
Eliminating habit formation leads to substantial changes in life-cycle consumption and
savings, summarized in Table 3.5. Fertility rises by 5.67 percent, and elderly housing
concentration falls by 46.51 percent.

The decline in housing concentration is driven by two reinforcing effects. Absent habit
formation, retirees downsize sharply, freeing up home equity to finance non-durable con-
sumption rather than holding onto large homes. The resulting fall in aggregate housing
demand puts substantial downward pressure on house prices (-1.9%). Lower house prices
allow young parents to afford the down payment on larger homes, increasing their mort-
gage debt and housing demand. Since housing and children are complements, a larger
home directly reduces the marginal cost of children, driving fertility up.

Two general equilibrium effects partially offset each other. First, aggressive downsizing
by retirees reduces inheritances by 46.5 percent, generating a negative income effect for
empty-nesters, who are the primary recipients. Second, higher fertility lowers the social
security tax burden on the working population by almost 8 percent, generating a posi-
tive income effect for young parents and empty-nesters. The net effect differs across age
groups. For young parents who benefit from lower social security taxes but receive little

11Given the representative cohort framework, the bequest motive and habit formation cannot be sepa-
rately identified; the analysis is therefore illustrative as opposed to a formal decomposition.
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Table 3.5: The role of habit formation for housing and fertility

Young Parent Empty-Nester Retiree
Fertility +5.67% - -
Population shares +6.17% +0.47% −4.92%
Housing shares +57.54% +15.16% −46.51%
House size +49.46% +15.45% −43.33%
Non-durable consumption (p.c.) −5.21% −0.13% +10.58%
Assets −46.64% −140.08% 0.00%

Note: Non-durable consumption and housing consumption is normalized to the consumption of young
parents in the baseline steady state. In the counterfactual steady state, habit formation parameter ξh is
set to zero.

in inheritances, disposable income rises by 1.3 percent. For empty-nesters and retirees,
the decline in inheritances dominates, reducing disposable income by 2.1 percent and 0.8
percent respectively—with retirees affected only through lower inheritances not benefiting
from the social security channel.

Figure 3.7 reveals an additional result: empty-nesters increase their housing demand
substantially. Two channels drive this. First, without habit formation, empty-nesters no
longer internalize that a larger home today raises their minimum housing requirement
in retirement, removing the key friction that previously discouraged them from upsizing.
Second, knowing that home equity can be used to finance consumption in retirement,
empty-nesters accumulate fewer liquid assets during working life, freeing up resources to
further increase housing demand. Together, these channels produce a life-cycle profile of
both housing and non-durable consumption that closely tracks the income profile; a pat-
tern that is absent in the baseline model with habits.

Eliminating the transaction cost increases elderly housing concentration and
is not effective in raising fertility. When transaction costs of selling a house are
eliminated, adjusting housing consumption over the life cycle becomes less costly. Despite
the sizable effects on life-cycle housing demand, we find that removing transaction costs
has only minor effects on both aggregate fertility and elderly housing concentration.

The absence of an effect on housing concentration indicates that empty-nesters and
retirees benefit symmetrically from the reform. Empty-nesters benefit directly: removing
adjustment costs lowers the future cost of owning a larger home, encouraging them to up-
size (+3%). Retirees benefit through two channels. First, the elimination of transaction
costs represents a direct positive income effect. Hence, instead of downsizing, it allows
them to even increase housing demand. Second, habit formation propagates the rise in
empty-nester housing demand into retirement, further amplifying the increase.12 Since

12Note that the fact that removing transaction costs leads to less downsizing might be partially an
artifact of the representative cohort structure. In a heterogeneous-agent model, transaction costs create
an inaction region, where only a fraction of agents adjust their housing, while others remain inactive.
Reducing transaction costs would narrow this inaction region, inducing more agents to downsize. In our
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Figure 3.7: Per-capita life-cycle profiles without habit formation

Note: Panel (A) and (B) plots non-durable consumption and housing space by age group j. It shows
per capita non-durable consumption (cj) and per capita housing space (hj/(1 + nj)) for the baseline
with habits (solid line) and the counterfactual scenario without habit formation (dashed line). For both
scenarios, Panel (C) plots housing expenditures defined as maintenance costs and property taxes by age
groups expressed as shares of total expenditures. We normalize the value of young parents under the
baseline scenario to 1.

both cohorts increase their housing demand proportionally, elderly housing concentration
remains broadly unchanged.

Table 3.6: The role of transaction costs for housing and fertility

Young Parent Empty-Nester Retiree
Fertility −0.01% - -
Population shares −0.01% −0.00% +0.00%
Housing shares −2.00% +1.35% −0.07%
House size +0.00% +3.42% +1.95%
Non-durable consumption (p.c.) +4.03% +4.39% +6.78%
Assets −0.82% −9.31% 0.00%

Note: Non-durable consumption and housing consumption is normalized to the consumption of young
parents in the baseline steady state. In the counterfactual steady state, transaction costs ω are set to zero.

Young parents do not directly benefit from the reform, as transaction costs are incurred
upon selling rather than buying a home. They are instead affected by two opposing
general equilibrium forces. First, the rise in aggregate housing demand puts upward
pressure on house prices (+0.81%). Second, larger housing wealth of retirees increases
aggregate bequests. For young parents, higher house prices raise the user cost of housing
and incentivize a substitute away from housing toward non-durable consumption. At the

representative-cohort framework, by contrast, the transaction cost is paid whenever the optimal house
size differs between the empty-nester and retiree stages, meaning that all agents always adjust, and the
extensive margin is absent by construction.
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Table 3.7: The role of the bequest motive for housing and fertility

Young Parent Empty-Nester Retiree
Fertility −0.18% - -
Population shares −0.20% −0.02% +0.16%
Housing shares +2.54% +0.18% −1.61%
House size +0.00% −2.47% −4.39%
Non-durable consumption (p.c.) +3.78% +3.42% +7.11%
Assets +0.99% +11.5% 0.00%

Note: Non-durable consumption and housing consumption is normalized to the consumption of young
parents in the baseline steady state. In the counterfactual steady state, we set the strength of the bequest
motive κν equal to zero.

same time, higher disposable income partially offsets this substitution effect by relaxing
the budget constraint. These two forces broadly cancel each other out, leaving housing
demand unchanged. Since housing and fertility are complements and house size remains
flat, fertility does not respond to the reform.

Eliminating the bequest motive reduces elderly housing concentration, but
the effect on fertility is negative. Eliminating the bequest motive substantially re-
duces the incentive for older households to hold large homes, as summarized in Table 3.7.
Retirees reduce their housing consumption by 4.4 percent and reallocate their spending to-
ward non-durable goods. Anticipating lower housing demand in retirement, empty-nesters
also reduce their housing demand since holding a larger home today incurs habit forma-
tion costs tomorrow without the bequest-driven benefit of maintaining large assets. The
resulting decline in aggregate housing demand puts downward pressure on house prices
(-1.0%), and elderly housing concentration falls by 1.6 percent.

Despite the fall in house prices, young parents do not increase their housing demand
or fertility. Two forces are at play. First, eliminating the bequest motive reduces bequest
income received by all age groups by almost 2 percent, generating a negative income effect.
Second, with housing intrinsically less attractive as a store of value, households substitute
toward non-durable consumption despite lower house prices. For young parents, higher
non-durable consumption directly raises the marginal cost of children through the e′(n)c
channel. These two forces reinforce each other, and fertility declines by 0.18 percent
despite the fall in house prices.

The contrast with the relaxed-LTV-limit experiment is instructive. In that case, the
policy directly relaxed the binding constraint facing young parents. Here, the reform
mainly affects older households and reaches young parents only through the house price
and inheritance channels, with the latter dominating. This explains why eliminating the
bequest motive reduces housing concentration but fails to raise fertility.

Taken together, both the bequest motive and the transaction cost of selling housing
play a crucial role in explaining the limited downsizing behavior observed in the model.
While eliminating these two channels leads to greater downsizing among older households,
fertility does not rise in their absence. Only the elimination of habit formation lowers
elderly housing concentration while raising fertility.
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3.7 Policy Analysis

Motivated by the findings from the previous section, we examine three policy experiments.
The first two target elderly downsizing. Habit formation hinders retirees from reducing
their housing consumption, raising housing concentration and depressing fertility. To
counteract this, we analyze a property tax increase that raises the user costs of housing
and strengthens downsizing incentives. The bequest motive similarly raises elderly hous-
ing demand, but eliminating it also reduces inheritance income for younger households.
We therefore introduce an inheritance tax with revenues redistributed lump-sum, which
weakens the incentive to hold large housing assets while preserving the income trans-
fer to younger cohorts. The third experiment targets young parents directly. Liquidity
constraints prevent them from increasing housing demand, raising housing concentration,
and reducing fertility. We therefore assess the effects of a targeted transfer to liquidity-
constrained households. Based on the findings in the previous section, we do not target
transaction costs as a policy margin, as removing them does not raise fertility.

3.7.1 Property Taxation

As we have shown in Section 3.6, habit formation is one key driver for elderly housing
concentration. Increasing the property taxes on housing is one policy instrument to coun-
teract the large per-person housing space. Therefore, we introduce a policy that uniformly
raises property taxation from 1 percent to 1.25 percent. Although this policy is not specif-
ically targeted at young households, they are likely to respond most in terms of housing
demand due to the resulting lower house prices, thereby reducing the marginal costs of
additional children and potentially raising fertility.

We find that a property tax increase effectively reduces elderly housing concentra-
tion but depresses fertility slightly, as summarized in Table 3.8. By raising user costs of
housing, the property tax incentivizes empty-nesters and retirees to reduce their housing
consumption by around 3 percent, reallocating toward non-durable consumption by less
than one percent. Elderly housing concentration consequently declines by 0.4 percent and
house prices fall by 0.86%.

For young parents, two opposing forces affect housing demand. On the one hand,
lower house prices reduce the required down payment, and property tax revenues are
redistributed lump-sum, both of which generate a positive income effect that would en-
courage greater housing consumption. On the other hand, higher user costs of housing
directly discourage it. The latter effect dominates, leaving house size broadly unchanged
while non-durable consumption declines slightly (-0.10%).13 Since the house size is un-
changed and the recurring cost of maintaining it has risen, the implicit cost of raising
children in a given housing space increases, and fertility declines slightly (-0.07%).

Figure 3.8 summarizes the life-cycle patterns. Non-durable consumption remains

13It should be noted that the dominance of the user cost effect over the house price decline is likely
an artifact of the coarse modelling periods: with shorter periods, lower house prices and the associated
reduction in required down-payments would plausibly dominate, such that one should not necessarily
conclude that this policy instrument is unable to boost fertility.
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Table 3.8: Housing and fertility under higher property taxes

Young Parent Empty-Nester Retiree
Fertility −0.07% - -
Population shares −0.08% −0.01% +0.07%
Housing shares +2.18% −0.94% −0.41%
House size +0.00% −3.13% −2.68%
Non-durable consumption (p.c.) −0.10% +0.22% +0.68%
Assets +0.85% +9.88% 0.00%

Note: Changes are expressed in percentage deviation from the baseline steady state. In the counterfactual
steady state, housing is taxed by a property tax of 1.25% (compared to 1% in the baseline steady state).

largely unchanged across age groups. Rather than encouraging strong downsizing, the
property tax shifts housing demand downward by a similar amount for both empty nesters
and retirees. As a result, the main shape of the life-cycle profile stays largely intact. Unlike
the elimination of habit formation, it does not generate a pronounced inverse U-shape in
housing consumption. Housing expenditure shares rise for young parents, but this reflects
higher user costs rather than an increase in housing space.

In summary, property taxes reduce elderly housing concentration by raising the cost of
holding large homes for older households. However, it simultaneously raises the recurring
housing costs for young parents, increasing the implicit cost of raising children in a given
housing unit and slightly depressing fertility. The policy therefore achieves its concentra-
tion target but at the cost of a small negative fertility effect. This suggests that targeted
property tax exemptions for parents—effectively shielding young families from higher user
costs—could improve the fertility margin of this instrument.

Figure 3.8: Life-cycle profiles in non-durable consumption and housing - Property taxation

Note: Panel (A) and (B) plots non-durable consumption and housing space by age group j. It shows
per capita non-durable consumption (cj) and per capita housing space (hj/(1 + nj)) for the baseline with
habits (solid line) and the counterfactual scenario in which housing is taxed by a property tax of 1.5%
(compared to 1% in the baseline steady state). For both scenarios, Panel (C) plots housing expenditures
defined as maintenance costs and property taxes by age groups expressed as shares of total expenditures.
We normalize the value of young parents under the baseline scenario to 1.
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3.7.2 Inheritance Tax

In Section 3.6.3, we document that removing the bequest motive encourages retirees to
downsize but reduces aggregate inheritances, generating a negative income effect that
depresses fertility. To preserve the downsizing incentive while counteracting this income
effect, we introduce an inheritance tax of ten percent with revenues redistributed lump-sum
to the whole population.

Table 3.9: Housing and fertility under an inheritance tax

Young Parent Empty-Nester Retiree
Fertility +0.15% - -
Population shares +0.17% +0.02% −0.14%
Housing shares +0.42% −0.17% −0.09%
House size 0.00% −0.43% −0.20%
Non-durable consumption (p.c.) +0.21% −0.39% +0.35%
Assets +0.15% +1.80% 0.00%

Note: Changes are expressed in percentage deviation from the baseline steady state. In the counterfactual
steady state, inheritances are taxed by 10 percent (compared to no inheritance tax in the baseline) and
tax revenues are redistributed lump-sum.

We find that the inheritance tax reduces elderly housing concentration by 0.09 per-
cent while raising fertility by 0.15 percent, with responses by age group summarized in
Table 3.9. Elderly housing concentration declines as retirees reduce their house size by 0.2
percent. As the inheritance tax lowers the marginal utility of additional bequests, retirees
have a weaker incentive to hold large housing assets in retirement.

Fertility rises because young parents experience a net gain in disposable income through
two channels. First, the lump-sum redistribution of inheritance tax revenues generates pos-
itive net transfers for young parents, who receive relatively small bequests and therefore
gain more from the redistribution than they lose from the tax on inherited wealth. Their
windfall income rises by more than 3 percent on a net basis. Empty-nesters, by contrast,
are the primary recipients of large bequests and experience a net decline in windfall income
of almost 3 percent despite the lump-sum transfer. This asymmetry is the key redistribu-
tive mechanism of the policy. Second, the decline in empty-nester housing demand (driven
by their net income loss) puts downward pressure on house prices (-0.1%), generating an
additional positive income effect for young parents through lower required down payments.

In summary, the inheritance tax simultaneously encourages elderly downsizing and
redistributes resources from empty nesters to young parents, raising fertility while reduc-
ing housing concentration. Its effectiveness relative to the direct transfer policy analyzed
above reflects the same redistributive logic, but achieved through the bequest channel
rather than a direct fiscal transfer.



152 Chapter 3. Limited Downsizing of Empty-Nesters

3.7.3 Transfer Payments to Young Parents

As documented in Section 3.6.2, relaxing the borrowing constraint for young parents has
a substantial positive effect on fertility. We therefore simulate a policy in which young
parents receive a transfer payment equivalent to 10 percent of the house value chosen in
the initial steady state, with results summarized in Table 3.10.14

The transfer raises fertility by +0.53% and reduces elderly housing concentration.
Young parents use the transfer primarily to finance higher non-durable consumption rather
than to increase housing demand—adult equivalent consumption rises even though per
capita consumption declines slightly, reflecting the mechanical effect of larger household
size on the equivalence scale.

The decline in elderly housing concentration is driven primarily by a lower population
share of retirees (-0.5%), as higher fertility shifts the population toward younger cohorts.
Important second-round effects amplify this result. A younger population reduces the
relative size of older cohorts, who disproportionately occupy large homes, putting down-
ward pressure on house prices. Simultaneously, lower social security taxes, resulting from
a larger working-age population, raise disposable income across all age groups. Together,
these forces raise housing demand and non-durable consumption for older households,
while lower house prices mechanically reduce the required down payment for young par-
ents, allowing them to accumulate more liquid assets over the life cycle.

Interestingly, the fertility response is almost an order of magnitude smaller than in
the LTV relaxation counterfactual, despite the two policies being of comparable size in
terms of liquidity provision.15 The difference lies in the mechanism. Relaxing the LTV
constraint specifically changes the incentive for house size choice: young parents can afford
a larger home without increasing their down payment, and since housing and children are
complements, the larger home directly reduces the marginal cost of children. The trans-
fer, by contrast, is a positive income effect that young parents optimally allocate across
both housing and non-durable consumption. The resulting rise in non-durable consump-
tion increases the marginal cost of children through the e′(n)c channel, partially offsetting
the fertility-boosting effect. In short, the LTV relaxation operates through the housing-
fertility complementarity directly, while the transfer partially disperses into non-durable
consumption, making it a less targeted instrument for raising fertility.

In summary, the transfer policy simultaneously raises fertility and reduces elderly hous-
ing concentration. Compared to the property tax increase, which reduced housing con-
centration but depressed fertility, liquidity-focused transfers are more effective at jointly
targeting both outcomes. However, the comparison with the LTV counterfactual reveals
that policies which directly expand housing access, rather than providing general income
support, are more powerful at the fertility margin.

14The transfer is financed by adjusting the lump-sum government transfer that redistributes revenues
from property taxation and the housing sales tax.

15The LTV relaxation of 15 percent implies a reduction in the required down payment that is approx-
imately equivalent in magnitude to the transfer payment, given young parents’ housing choice in the
baseline.
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Table 3.10: Housing and fertility under transfer payments to young parents

Young Parent Empty-Nester Retiree
Fertility +0.53% - -
Population shares +0.59% +0.05% −0.48%
Housing shares +0.51% +0.20% −0.47%
House size +0.00% +0.23% +0.09%
Non-durable consumption (p.c.) +6.68% −0.36% −0.45%
Assets +0.17% +2.03% 0.00%

Note: Changes are expressed in percentage deviation from the baseline steady state. In the counterfactual
steady state, young parents receive a transfer payment equivalent to 10 percent of the house value chosen
by young parents in the initial steady state.

3.7.4 Welfare

The preceding analysis focused on fertility and elderly housing concentration. To support
normative policy evaluation, we turn to the welfare implications of each intervention. We
define two welfare metrics to evaluate the policy experiments. The first is the welfare of
a newborn, defined as the value function of a household entering the economy in the new
steady state:

WNewborn = V0, (3.21)

where V0 denotes the value function of a newborn evaluated at the new steady state. The
second is a utilitarian welfare measure, defined as the population-weighted sum of value
functions across all cohorts alive:

WPopulation =
∑
j

µjVj , (3.22)

where µj denotes the equilibrium population share of cohort j and Vj the correspond-
ing value function. We express both measures as consumption equivalent variation that
represents the proportional change in non-durable consumption at every life stage that
makes a household indifferent between the baseline and the counterfactual. Both mea-
sures compare long-run steady states and therefore abstract from transition dynamics.16

In addition, WNewborn is not redistribution-neutral and favors policies that benefit young
households by construction. WPopulation is more balanced but implicitly weights cohort
welfare by population shares, which are themselves endogenous to the policy through the
fertility response.

Table 3.11 summarizes the welfare, fertility, and elderly housing concentration effects
of the three policy experiments. Two broad patterns emerge across both welfare mea-
sures. First, the ranking of policies is consistent: the transfer to young parents dominates,

16We are aware that measuring welfare in models with endogenous fertility is highly complex. The
literature provides alternative approaches, such as De La Croix and Doepke (2021) and Golosov et al.
(2007), that incorporate the welfare of unborn individuals. As this remains an open methodological question
and since we compare long-run steady states, we adopt standard consumption-equivalent welfare criteria.
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Table 3.11: Comparison of Policy Counterfactuals

Raising Introducing Transfer to
property taxation inheritance tax young parents

Fertility −0.07% +0.15% +0.53%
Elderly housing concentration −0.41% −0.09% −0.47%
Welfare WNewborn −0.27% +0.14% +4.58%
Utilitarian welfare WPopulation −0.14% −0.02% +1.24%
Welfare by age group
Young parents −0.27% +0.14% +4.58%
Empty-nester −0.35% −0.18% −0.19%
Retiree +0.17% +0.34% −0.46%

Note: The table compares three policy counterfactuals relative to the baseline steady state. Raising
property taxation refers to a 0.025 ppt increase in the annual property tax rate. Introducing inheritance
tax refers to a ten percent tax on inherited wealth, with revenues redistributed lump-sum to all households.
Transfer to young parents refers to a transfer payment equivalent to ten percent of the baseline house
value, financed by reducing the lump-sum government transfer to all households. Fertility, elderly housing
concentration, and welfare are reported as percentage deviations from the baseline steady state. Elderly
housing concentration is measured as the share of total housing space occupied by retirees. WNewborn

denotes the consumption equivalent variation of a newborn entering the new steady state. WPopulation

denotes the population-weighted average of consumption equivalent variations across all cohorts, with
weights given by steady-state population shares. Note that the CEV of newborns equals that of young
parents, since we assume that children neither make choices nor derive utility.

followed by the inheritance tax, with the property tax ranking last. Considering the wel-
fare of newborns, the two fertility-raising policies improve welfare while the property tax
reduces it, suggesting that policymakers do not face a trade-off between fertility and wel-
fare among these instruments. When welfare is instead measured across all age groups,
however, only the transfer to young parents raises aggregate welfare, revealing that redis-
tributional considerations shape the normative ranking.

Second, the two welfare measures differ substantially in magnitude, and the cohort-
specific welfare results reveal why. The transfer to young parents generates a newborn
welfare gain of +4.58% but a utilitarian welfare gain of only +1.24%. The cohort-specific
results explain this gap: while young parents gain 4.58%, empty nesters lose 0.19%, and
retirees lose 0.46%. The transfer therefore, involves a substantial redistribution from older
to younger cohorts that the newborn metric ignores entirely.

The inheritance tax exhibits a similar but more modest pattern. The newborn welfare
gain of +0.14% turns slightly negative under the utilitarian measure (-0.02%), as empty-
nesters and retirees lose -0.18% and gain +0.34% respectively. The age-specific welfare
effects reflect the fact that the inheritance tax redistributes from empty-nesters, who are
the primary recipients of bequests, to young parents and retirees via a lump-sum transfer.

The property tax is the only instrument that reduces welfare under both metrics;
welfare effects differ across age groups: young parents lose -0.27%, empty nesters lose
-0.35%, and retirees gain +0.17%. Empty-nesters face the largest welfare losses, as they
pay the largest share of property tax, which is redistributed to the whole population.

Two broader lessons emerge. First, policies that directly relax the liquidity constraint
facing young parents—either through a transfer or through the inheritance tax redistri-
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bution mechanism—are more effective at raising fertility than policies that target elderly
downsizing through price incentives alone. This reflects the central role of the housing-
fertility complementarity: fertility responds most strongly when young parents can directly
access larger housing, not when house prices fall as a side effect of elderly downsizing.
Second, the welfare gains from the transfer are an order of magnitude larger than its fer-
tility effect alone would suggest, reflecting the additional redistribution toward borrowing-
constrained young households. However, the cohort-specific welfare decomposition shows
that this gain comes at the expense of older cohorts, which experience welfare losses of
up to 0.46%. Policymakers should therefore weigh the aggregate welfare gains against the
distributional costs when evaluating these instruments.

3.8 Conclusion

Falling fertility and high housing costs are both prominent features of the U.S. economy.
This paper investigates a link between the two that has received less attention: the in-
tergenerational allocation of housing. Using a quantitative overlapping-generations model
with endogenous fertility, we ask whether the high concentration of housing among el-
derly households is a meaningful driver of low fertility among young households, and what
policies could improve both outcomes simultaneously.

Our analysis gives a nuanced answer. The intergenerational housing channel is quanti-
tatively important: habit formation discourages elderly downsizing, concentrating housing
among older cohorts and putting upward pressure on house prices that constrains younger
households. Indeed, eliminating habit formation entirely generates the largest fertility and
concentration responses of any experiment in the paper. However, this does not imply that
policies targeting elderly downsizing are effective. Habit formation is a deep preference pa-
rameter that cannot be directly targeted by policy, and our property tax experiment—one
potential instrument for strengthening downsizing incentives—proves largely ineffective
at raising fertility and reduces welfare. The intergenerational housing channel therefore
matters, but it is not easily exploitable through conventional policy instruments. Our re-
sults instead suggest that liquidity constraints facing young parents are the more effective
tool. Relaxing borrowing constraints or providing targeted transfers generates fertility and
welfare gains of comparable or larger magnitude, through a more direct channel. The wel-
fare decomposition by cohort points to a distributional trade-off. Policies that effectively
raise fertility do so partly by redistributing resources toward young borrowing-constrained
households at the expense of older cohorts. Policymakers should therefore weigh aggregate
welfare gains against these distributional costs.

Going forward, we plan to distinguish between homeowners and renters in our model,
as the literature has documented distinct income and substitution effects across owner-
ship statuses. We also intend to introduce income heterogeneity to capture how housing
affordability, and consequently fertility choices, vary across the income and wealth distri-
bution. One dimension currently absent from the framework, but likely to matter once
heterogeneity is introduced, is the role of parental transfers. Brandsaas (2025) and Wold
et al. (2023) provide structural evidence that such transfers are an economically signifi-
cant channel through which parental wealth translates into children’s housing outcomes.
In our current representative-cohort framework, this channel is not a first-order concern:
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with homogeneous households, the intergenerational transfer is already embedded in the
aggregate bequest motive and in retirees’ downsizing decisions. However, once income
and wealth heterogeneity are introduced, the distribution of parental transfers will be-
come a meaningful source of cross-sectional variation in both homeownership timing and
completed fertility. Incorporating this channel explicitly is, therefore, a priority for future
work. Finally, we aim to use our framework to study cross-country differences in fertility
arising from heterogeneities in housing frictions and policy environments.
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Appendices

3A Additional Stylized Facts

Table 3.12: Elderly housing concentration and fertility

Fertility Rate
% of housing space occupied −0.557∗∗∗
by elderly homeowners (−4.03)

Median age −0.784∗
(−2.11)

Constant 105.4∗∗∗
(9.65)

Adjusted R squared 0.589
N 37
t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Note: Regression based on MSA-level data from American Housing Survey 2015-2019 and American Com-
munity Survey (2015-2019). Housing space is measured in square feet per unit.

Figure 3.9: Fertility and Housing Choices (Number of Rooms)
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Figure 3.10: Fertility and Housing Choices (Square Feet of Unit)
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Note: Figures are based on pooled data from AHS 2015-2019. We exclude households younger than 20 and
only include owner-occupied housing. Averages per income quintiles are calculated using sample weights.

3A.1 Details on the Calibration

Table 3.13: Equivalence scales of non-durable consumption and housing

Family Size N 1 2 3 4 5 6 7
Fertility n 0 0.5 1 1.5 2 2.5 3
Non-housing e(N) 1 1.34 1.65 1.97 2.27 2.57 2.87

Note: This table represents the equivalence scale of non-durable consumption reported in Yang (2009).
Assuming that a household consists of two parents, we impute the implied fertility n from total family size
N .
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