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Abstract

Mortgage structure matters not only for monetary policy transmission, but also for
financial stability. In an adjustable-rate mortgage (ARM) regime, interest rate rises cause
higher default rates due to increases in mortgage payments. In a fixed-rate mortgage
(FRM) regime, households are protected, but banks are potentially more exposed to rate
rises. To evaluate these competing forces under different mortgage regimes, we build
a quantitative model with flexible mortgage contract structures, borrowers, and an in-
termediary sector. Our approach captures borrowers’ endogenous default decisions and
intermediaries’ equilibrium pricing of mortgage rates and risk premia, reflecting the in-
teraction between interest rate and credit risk, and intermediary net worth. We find
that financial stability risks are “U-shaped” in mortgage structure. While FRMs benefit
from deposit rate stickiness, ARMs hedge net worth by concentrating defaults in states
when intermediary net worth is high, lowering risk premia in constrained states relative
to FRMs. We show that an intermediate fixation length minimizes net worth volatility
by balancing forces in both ARM and FRM regimes, and improves aggregate risk-sharing.
The model helps explain differential outcomes in delinquencies, house prices, and bank
equity prices in ARM vs. FRM countries over the 2022—-2023 period. Our findings have
implications for mortgage design, macroprudential, and monetary policy.
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1 Introduction

Mortgage structure matters for macroeconomic outcomes. It directly affects the transmission of
monetary policy, since adjustable-rate mortgages (ARMs) reset more immediately compared to
fixed-rate mortgages (FRMs) (e.g. Calza et al., 2013; Di Maggio et al., 2017; Fuster and Willen,
2017; Garriga et al., 2017). In this paper, we show that mortgage structure also matters for
financial stability risks. Differences in mortgage structure were brought into sharp relief by the
global monetary tightening cycle between 2022 to 2023, which led to a divergence in mortgage
payments despite similar policy rate increases across countries, as shown in Figure 1. Panel (a)
illustrates that policy rates increased by comparable amounts of 400 to 500 basis points between
2022 to 2023 across the US, UK, Canada, and Euro Area. Panel (b) shows that measures of
average mortgage payments in the US, which relies on 30-year FRMs, remained stable, but
payments in countries that rely on more adjustable-rate mortgages, e.g. the UK, Canada, and
most Euro Area countries, saw payment increases of around 15 to 25% over the same time

period.

The differential mortgage payment sensitivity to rate changes highlights differential financial

Figure 1: Comparison of Policy Rates and Mortgage Payments, 2022-2023
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Notes: Panel (a) shows main monetary policy rates for the US, United Kingdom (UK), Euro Area (EA), and
Canada (CA). Panel (b) shows measures of average mortgage payments. EA ARM aggregates Finland, Italy
and Portugal. Data sources: US: 2024Q2 revised mortgage debt service ratio (DSR) from FRED; UK: total
expected (incl. agreed changes in payments e.g. due to forbearance) monthly mortgage payment from the
Financial Conduct Authority (FCA); Euro Area: total DSR from BIS; Canada: average monthly scheduled
outstanding mortgage payments from the Canada Mortgage and Housing Corporation (CMHC).
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stability risks and risk-sharing properties across mortgage structures. Interest rate rises in an
ARM economy lead to increases in mortgage payments for households, raising defaults and
bank credit losses. In contrast, in an FRM regime, households are protected from rate rises,

but banks are potentially more exposed to interest rate risk.

How would one evaluate the effect of mortgage structure on financial stability and risk sharing
between households and financial intermediaries? A naive starting point could be to consider
a mortgage structure that aims to offset the cash flow sensitivity of bank liabilities, in particu-
lar deposits, yielding a “zero duration” financial system where interest rate risks are perfectly
hedged. However, this naive approach ignores several channels that likely arise in equilibrium.!
First, narrowly focusing on interest rate risk neglects that changes in interest rates also affect
credit risk, since households make endogenous decisions to default, and these decisions differ
across macroeconomic environments and mortgage structures (Campbell and Cocco, 2015). For
instance, rising rates and ARM payments can trigger default for liquidity-constrained house-
holds, while this effect is absent for FRMs. Second, financial intermediaries’ willingness to hold
mortgages and their mortgage pricing, in particular of risk premia, depends on intermediary

net worth, such that overall financial stability depends on interest rate and credit risk, and the

correlation of these risks with intermediary net worth.

To tackle these conceptual challenges and to evaluate financial stability and risk sharing under
different mortgage regimes in equilibrium, we build a quantitative macro-finance model with
flexible mortgage contract structures, borrowers, and a financial sector. We then calibrate the
model to the US FRM economy as a benchmark, and compare it to counterfactual economies
with alternative mortgage structures. In the model, there are two types of households: bor-
rowers who borrow to finance their housing purchases, and savers, who own intermediaries
(“banks”). Households face idiosyncratic income shocks. Borrowers and banks trade in two
financial markets: deposits and mortgages. We model realistic and flexible mortgage payment
structures. In an FRM regime, mortgages have fixed payments. In an ARM regime, mortgages
are issued with fixed payments in an initial teaser stage, and subsequently convert to floating
payments (a fixed spread over the contemporaneous risk-free rate) with some probability, to

reflect varying fixed-rate lengths in typical adjustable-rate mortgages.

"'We develop the intuition on departures from such interest rate “immunization” more formally in Section
5.2.



Since we are interested in the greater default sensitivity of borrowers to interest rates in
the ARM economy, it is important to incorporate a realistic notion of liquidity-driven default
(Gerardi et al., 2018; Ganong and Noel, 2022), where households default because the only way
to increase consumption in some states of the world is to default on their mortgage payments.
To do so, we follow Diamond et al. (2022) and split household decision-making into two stages
with a cash-in-advance-type constraint. In the consumption stage, households may use only
their liquid assets — income and deposit holdings — to consume and make housing and mortgage
payments, with the option to default. In other words, they cannot access their illiquid housing
wealth at this stage. Default can provide liquidity, but lower subsequent wealth. In the ensuing
trading stage, households make portfolio decisions to allocate their wealth between deposits,
housing, and stocks, and they can adjust their mortgage balance by taking out a new mortgage.
Banks lend in the mortgage market subject to a leverage constraint, financing their loan port-
folios with savers’ equity and deposits, which are risk-free one-period bonds held by households
and also elastically demanded by outside investors.? The deposit rate does not necessarily
move one-for-one with the policy rate, to which ARMs are indexed. Our reduced-form model
of imperfect pass-through is consistent with banks’ market power in deposit markets (Drechsler
et al., 2017) and time-varying liquidity premia due to the opportunity cost of holding money
(Nagel, 2016; Krishnamurthy and Li, 2022).

To solve the model, we follow Diamond and Landvoigt (2022) and Diamond et al. (2022) and
show that, despite idiosyncratic and undiversifiable risks, borrowers make identical choices per
unit of wealth. This removes the borrower wealth distribution as an infinite-dimensional state

variable, making the model tractable.

We evaluate the US fixed-rate mortgage regime under a counterfactual with fully adjustable-
rate mortgages as well as varying intermediate fixation lengths. We also consider how our results
change with greater pass-through of policy rates to the cost of bank funding, and when we vary
intermediaries’ effective risk aversion. Our benchmark FRM economy and ARM counterfactual
produce empirically valid and differential responses to a rise in rates: In the FRM economy,
mortgage payments remain stable, with a small reduction in defaults since holding on to the

current mortgage becomes more valuable. The responses of mortgage payments, default rates,

2We cast the model in real terms, and so abstract away from Fisherian channels studied by Garriga et al.
(2017).



house prices, and bank net worth to increases in the policy rate is consistent with the U.S.
experience in 2022 to 2023. In contrast, in the ARM economy, mortgage payments rise, causing
a spike in default rates and reduction in house values. While our model is calibrated to the
U.S., the model dynamics of the ARM counter-factual economy resemble the U.K. experience

over the same period. Appendix Figures [A.3 to TA.5 illustrate this comparison.

In the FRM economy, when the policy rate goes up, banks’ interest income remains un-
changed. The cost of deposit funding — the banks’ interest expenses — increases, albeit less than
the policy rate. Taken together, this leads to a drop in banks’ net interest margin. Banking
becomes less profitable, despite slight offsetting decreases in credit losses. However, fixed-rate
mortgages have a long duration. In response to higher rates, the market value of bank assets
falls (Jiang et al., 2024). With both lower cash flows and lower asset values, the net worth of
the banking sector declines. More constrained banks demand higher compensation to take on
mortgage risk, a key implication of intermediary-based asset pricing models (He and Krishna-
murthy, 2013; Brunnermeier and Sannikov, 2014; Elenev et al., 2016; Diamond and Landvoigt,
2022).

Note that we model intermediaries to reflect the financial sector as a whole. While US banks
have experienced a substantial reduction in on-balance sheet mortgage lending and substitution
towards mortgage-backed securities (MBS) over recent decades (Buchak et al., 2018, 2024a,b),
the banking sector remains the largest private holder of mortgage-backed securities as a whole.
In Appendix Figure TA.1, we show that more than half of all non-government residential mort-
gages (MBS and portfolio loans) are held by the banking sector, and that share has remained
relatively stable over the past decade. We also conduct robustness exercises where we allow for
greater pass-through of policy rates to deposit rates, capturing the notion that other financial

intermediaries and holders of MBS may have less sticky sources of funding compared to banks.

In contrast, in the ARM economy, the net interest margin of banks increases when interest
rates rise as mortgages are indexed to the policy rate rather than the deposit rate. Therefore,
banks become more profitable even as credit losses rise. Moreover, because the increase in
cash flows outpaces the increase in the relevant discount rate (the deposit rate), adjustable-rate
mortgages effectively have negative duration: their value increases with higher rates. With

higher cash flows and higher asset values, the net worth of the banking sector increases.



Next, we turn to evaluating financial stability outcomes by solving counterfactual economies
ranging from a pure ARM counterfactual with annual rate resets to economies with increas-
ingly long fixation lengths, to the benchmark fully fixed-rate economy. We find that financial
stability risks, measured using a range of metrics including our preferred measure — volatility of
intermediaries’ return on equity (ROE) — are “U-shaped” in mortgage structure: ROE volatility
is highest in a pure ARM economy where intermediary net worth is very sensitive to interest
changes, leading to large negative duration. Volatility is less high in an FRM economy as sticky

deposits provide a hedge to the large positive duration of fully fixed-rate mortgages.

Because mortgage are risky, the sensitivity of bank assets to interest rates depends not just
on the policy rate but also on expected losses and risk premia, which vary over time with
intermediary net worth. In the FRM economy, risk premia are higher than in the ARM economy
when intermediaries are constrained, which typically occurs in a high-rate environment. In
contrast, in the ARM economy intermediaries are constrained when both interest rates and
default rates are low. As interest rates rise, defaults in the ARM economy typically rise as well,
coinciding with states when intermediary net worth is high, which provides a “hedge” from a
net-worth perspective. As a result, intermediary ROE volatility is minimized by balancing both

forces in ARM and FRM economies, around an intermediate fixation length of 3 years.

Intuitively, an intermediate fixation length reduces the cyclicality of default and net worth
with respect to interest rates. While ARM economies exhibit strong procyclical default and
FRM economies exhibit somewhat countercyclical default, intermediate fixation lengths result

in lower cyclicality overall, reducing volatility.

We evaluate other factors that drive the relationship between mortgage structure and financial
stability in counterfactual economies. Removing the role of risk premia in a counterfactual with
risk-neutral intermediaries indeed improves financial stability of the FRM economy relative to
the ARM one. On the other hand, increasing deposit sensitivity exacerbates financial stability
risks as it increases duration mismatch on the liability side with fixed-rate mortgages on the
asset side, consistent with (Drechsler et al., 2017). These forces affect which contract structure

minimizes intermediary ROE volatility, but do not overturn the “U-shape” result.

Lastly, we assess the way mortgage structure determines how risks are shared between house-



holds.? To quantify the degree of risk sharing, we compare the variance of individual consump-
tion growth relative to aggregate borrower consumption growth as a measure of intra-borrower
risk-sharing of idiosyncratic risks, and the variance of aggregate consumption growth of bor-
rowers relative to savers as a measure of risk-sharing of aggregate risks between borrowers and
savers. Mortgage structure most strongly affects the sharing of interest rate risk between bor-
rowers and savers with aggregate risk-sharing optimized at a fixation length of 5 years, which
is a slightly longer fixation length relative to the contract that minimizes the volatility of inter-
mediary ROE, suggesting a small trade-off between financial stability and risk sharing. In this
economy with low effective mortgage duration and default rates that respond little to interest
rates, rate shocks have the weakest redistributive effect.* However, low exposure to aggregate
risk leads borrowers to endogenously choose higher exposure to idiosyncratic risk, highlighting

a somewhat subtle downside in equilibrium.

Our work has implications for monetary policy and macroprudential regulation of financial
stability risks. The paper provides a framework for how changes in interest rates differentially
affect financial stability depending on mortgage structure. It thus helps formalize monetary
policy and financial stability linkages, and underlying mechanisms. We propose a flexible
modeling framework to study the effect of mortgage structure on financial stability, which
takes into account endogenous household default decisions, interaction effects between interest
rate and credit risk, and the capitalization of the banking system. Our findings highlight how
intermediate fixation lengths, common in many countries, can balance sources of volatility in

both pure ARM and FRM structures.

Related Literature Our paper makes several contributions to the existing literature. First,
we assess macroeconomic implications of different mortgage contract designs, similar to Garriga
et al. (2017); Greenwald et al. (2019); Campbell et al. (2021); Guren et al. (2021), but focusing
on the novel channel of interest rate and credit risk sharing between households and banks.
Conceptually, we thus integrate features of existing quantitative macro-models with financial

intermediaries such as Elenev et al. (2016); Diamond et al. (2022); Sanchez Sanchez (2023) into

30ur focus on interest rate risk sharing through mortgages of various fixation lengths is complementary to
Greenwald et al. (2019)’s study of contracts that share house price risks.
4See e.g. Auclert (2019).



a framework with flexible mortgage structures and liquidity-driven default, matching empirical
evidence (Gerardi et al., 2018; Ganong and Noel, 2022). Our mechanism is closely related to
Campbell and Cocco (2015) who show that fixed- and adjustable-rate mortgages default in dif-
ferent macroeconomic states of the world, and we integrate this intuition into a macroeconomic

framework with a banking sector.

Both Campbell et al. (2021) and Guren et al. (2021) focus on the role that mortgage structure
can play at providing liquidity to households in downturns when interest rates are low while
default rates are high, given the context of the 2008-2009 financial crisis. In contrast, we study
how mortgage structure affects household and intermediary outcomes in response to isolated
rate shocks given a low historical correlation of income with real rates overall and also given
the 2022-2023 rate hike cycle, where both rates and defaults rose in ARM but not in FRM
countries.” Like Campbell et al. (2021), we study how different mortgage structures expose
not just borrowers but lenders to risk. These exposures not only affect the ex-ante prices of
mortgages but have implications for the stability of financial intermediary balance sheets, a

particular focus of our paper.

We contribute to existing work on mortgage choice (Campbell and Cocco, 2003; Koijen et al.,
2009; Badarinza et al., 2018; Liu, 2022; Albertazzi et al., 2024) as well as optimal mortgage
contract design (Piskorski and Tchistyi, 2010; Campbell, 2012; Eberly and Krishnamurthy,
2014; Mian and Sufi, 2015; Piskorski and Seru, 2018). Our work is further related to papers
that emphasize the role of the mortgage market (Scharfstein and Sunderam, 2016; Di Maggio
et al., 2017; Fuster and Willen, 2017; Greenwald, 2018; Chen et al., 2020; Di Maggio et al., 2020;
Berger et al., 2021; Garriga et al., 2021; Eichenbaum et al., 2022; Altunok et al., 2024) and
financial intermediaries (Wang, 2018; Di Tella and Kurlat, 2021; Wang et al., 2022; Diamond

et al., 2024) on monetary policy transmission.

The paper offers a novel lens to interpret linkages between monetary policy and financial

stability (Adrian and Shin, 2008; Hanson et al., 2011; Stein, 2012; Borio, 2014; Jiménez et al.,

5The correlation between income and real rate innovations is close to zero on average. However, conditional
correlations can be highly positive or negative in demand or supply-shock driven macroeconomic contexts,
respectively. In a finance context, Campbell et al. (2009, 2017, 2020) show that inflation and monetary policy
can explain time variation in the sign of stock-bond return correlations. The 2022 to 2023 time period saw both
lower incomes and higher interest rates and is thus more reflective of a supply-shock driven macroeconomic
environment.



2014; Garriga and Hedlund, 2018; Smets, 2018; Caballero and Simsek, 2019; Martinez-Miera
and Repullo, 2019; Ajello et al., 2022; Boyarchenko et al., 2022; Gomes and Sarkisyan, 2023),
highlighting that mortgage structure can mediate how changes in interest rates affect financial
stability.

Lastly, we contribute to a growing body of work on the financial stability implications (Jiang
et al., 2024; Drechsler et al., 2023; Haas, 2023; Varraso, 2023; Begenau et al., 2024; DeMarzo
et al., 2024) and transmission mechanism (Fonseca and Liu, 2024; Greenwald et al., 2023; Bracke

et al., 2024) of recent rate rises.

2 Motivating Facts on Mortgage Structure

This section illustrates variation in mortgage structure across a range of different countries

which motivates the counterfactual mortgage structures that we study using our model.

2.1 Mortgage Structure Across Countries

There is substantial variation in mortgage market systems and contract structures across coun-
tries (Campbell, 2012; Badarinza et al., 2016).% Figure 2 shows the average fixed-rate length

across countries from different data sources.

A striking fact noted by Campbell (2012) is that the US appears as an outlier in international
comparison, with an average fixed-rate length of almost 25 years, driven by the reliance on 30-
year FRMs and 15-year FRMs.” The US is followed by a group of countries including Denmark,
Germany, Belgium, and the Netherlands, which offer mortgages with fixation lengths of up to
30 years, but the average mortgage outstanding has a length typically closer to 10 years. For

Belgium, data is available only for new mortgage originations, which have been close to 20

6In this paper, we will not take a stance on the drivers of the underlying structure and take prevalent contract
structures as given. Reasons that have been put forward to explain cross-country heterogeneity in mortgage
structure include historical path dependence, the availability of long-term mortgage funding, historical inflation
experiences (Badarinza et al., 2018), as well as variation in underwriting standards and the role of credit risk
(Liu, 2022).

"The only country with a comparable average fixed-rate length is typically thought of as France. While data
for average fixation lengths is not available for France, the typical mortgage is a 30-year fixed-rate mortgage
according to the European Mortgage Federation.



years. The vast majority of all remaining mortgage markets have fixed-rate lengths between 2
to 5 years, including countries such as Australia, Canada, the UK, Ireland, Portugal, Greece,
and Spain. Other Scandinavian countries such as Finland, Sweden, and Norway (the latter
with no data on average fixed-rate lengths) are typically thought of as originating many pure

adjustable-rate mortgages, with rates resetting at least every year.

Figure 2: Average Mortgage Fixed-Rate Lengths Across Countries
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reflect data from the European Mortgage Federation for new mortgage originations, as of 2023Q1, from the
EMF Quarterly Review of European Mortgage Markets 2023 Q2. Figure adapted from Liu (2022).

Even within the common currency Euro Area, countries vary from longer-term fixed-rate
mortgage systems (such as Germany and France) to largely adjustable-rate mortgage systems
such as Finland, Greece, Ireland and Portugal, which is reflected in the divergence in mortgage

payments in 2022 in Figure 1.

As a result, mortgages typically exist on a spectrum from fully adjustable-rate mortgages

common in countries such as Finland, Sweden and Norway which reset every year (or depending

8Spain has seen much longer fixation lengths in newly originated mortgages compared to past mortgage
originations, likely a result of government interventions in 2022 that allow conversion of adjustable to fixed-
rate mortgages, aimed at protecting vulnerable borrowers from interest rate rises, see e.g. Financial Times,
November 2022.
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on contract terms, semi-annually), to short fixation periods of two to five years common in many
countries including the UK, Canada, Australia and most Eurozone countries, to the 30-year
fixed-rate mortgage common in the US. We think of mortgages with short fixation periods as
sitting between pure ARM and FRM structures from an interest rate risk perspective, as these
will allow households to fix their mortgage rate for some, but typically not all, of the term over

which the mortgage is repaid.’

However, mortgage structure is certainly not the only economic fundamental that differs
across countries. To assess how differential mortgage structures lead to differences in economic
outcomes, financial stability, and risk-sharing properties more formally, in the next section we
develop and calibrate a quantitative model of an FRM economy, and evaluate counterfactual

economies with a pure ARM structure as well as intermediate fixation lengths.

3 Model

In this section, we develop a rich quantitative dynamic model of the mortgage market.!”

Time is infinite and discrete ¢ = 0,1,.... The economy is populated by continuums of two
types of households with preferences over housing and non-durables — borrowers labeled B

indexed by ¢ € [0, ¢] and savers labeled S indexed by i € (¢, 1].
Households’ utility function is given by

o0

Z ﬁtUB(Ciﬂ hifl)

(e =(hi_y)?) " =1
L —x

UB(Civ hi—l) =

where [ is the discount factor, 6 governs the share of housing in the utility function, and ~ is

the coefficient of relative risk aversion.

The aggregate supply of houses is exogenous and fixed at H, with a fraction ay owned by

borrowers while the remaining fraction 1 — ay belongs to savers. Only borrowers trade houses.

9Thus fixation length is a distinct feature and different from the choice of the loan repayment window, which
is typically 30 years on average for most countries (see Liu (2022) for a more detailed discussion).
10K ey qualitative insights also emerge from a stylized two-period model, which we relegate to Appendix IV.
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Each unit of housing requires a maintenance payment of §, every period to prevent its full

depreciation.

Non-durable goods are produced by a continuum k € [0, 1] of Lucas trees, whose aggregate
yield each period is given by Y;. Borrowers own a total of a trees, while savers owns the
remaining 1 — a. Each type of agent can trade trees within their type, but not across types.
The yield of borrower-owned trees is subject to an idiosyncratic shock e!, which is i.i.d. across
borrowers and time. Saver-owned trees are not subject to idiosyncratic shocks. Therefore, each

household’s income is given by

yi = s (Vi + €)) Vi€ 0,4

yzlf = Si 1Y;5 Vi€ (67 1]

where s!_, is the share of trees owned by each agent type at the start of period ¢, so that
foe si_,di = a and f; st di=1-a.

In addition to trading houses, borrowers trade in two financial markets — deposits and mort-
gages. Deposits are one-period risk-free bonds, while mortgages are long-term, defaultable, and

may have fixed or adjustable payments.

Their counterparties in these markets are banks labeled I (short for “intermediaries”). Banks

are firms who issue equity to saver households.

3.1 Borrowers

Following Diamond et al. (2022), we split each period into two subperiods — consumption and
trading. In the consumption subperiod, shocks are realized, and borrowers make mortgage

payments or default. In the trading subperiod, all households make portfolio choices.

Borrowers enter the period with a house h!_;, a mortgage with outstanding balance m!_,,
and deposits di_;. They receive income y; after the realization of aggregate and idiosyncratic

income shocks.

11



Mortgage Regimes We consider two mortgage regimes. In the fixed-rate mortgage regime
(FRM), the outstanding balance of the mortgage implies a fixed mortgage payment z} = ¢y +
6™ per unit of mortgage m;_;, where ¢y denotes the interest component and the principal
component is normalized to a fraction  of the steady-state mortgage price ¢”. In the adjustable-
rate mortgage regime (ARM), the mortgage payment is determined by whether or not the

adjustable rate mortgage is in its teaser stage 7.

In the teaser stage, ARM payments are fixed at (i, + 6g™)m!_, with ¢, the initial fixed
“teaser” rate of the mortgage. After the teaser stage, the mortgage payment is determined by

the policy (risk-free) rate r,{c plus the spread ¢, on adjustable-rate mortgages.

LT—’_(Sija :H-’T:]-

rl 4+, +67" 1, =0

An adjustable-rate mortgage is always issued in the teaser stage and it becomes a regular
ARM with probability 7, at the end of the second (trading) subperiod. Therefore, the expected

duration of the teaser stage, or “fixation period,” is 7%

T

After payments are made, the mortgage balance decreases by 4, such that the remaining

balance is (1 — §)m!_,.

Consumption Stage In the consumption stage, households use income y! and their deposits

holdings di_; to make mortgage payments zim¢_; and housing maintenance payments dyh_;.

Households can choose to default. If they default by failing to make the mortgage payment,
they lose their house and their mortgage balance is written off. They also lose a fraction A of
their endowment of Lucas trees and face a continuous idiosyncratic shock to their post-default

value function. In other words, default carries both a pecuniary and a non-pecuniary cost.

A household that repays the mortgage faces a consumption-stage budget constraint given by:
"+ aimi_y + duhi_y +a; =y +d;_,

where a! > 0 is the household’s holdings of intra-period deposits that a household can bring

12



into the trading stage in lieu of consuming. It enters the trading stage with wealth:

znd

wy™ = al — (1= 8)my_1q)" + prhi_, + pisi_,

where ¢ is the price of the mortgage, p} is the price of housing, and p; is the price of the Lucas
trees. The nonnegativity constraint a! > 0 operates similarly to cash-in-advance or working
capital constraints, requiring borrowers to have enough liquidity to finance their consumption

before being able to rebalance their portfolios by selling assets or borrowing.

A household that defaults faces a budget constraint given by:

id g 4
o =y +di

Having expunged their mortgage, lost their house, and given up a fraction of future income, it

enters the trading stage with wealth:
i,d S i
wy® = (1= N)pisi_,

The default decision depends on the utility of consumption plus the continuation value as
represented by the trading stage value function V/(w!, Z;), where Z; denotes state variables

exogenous to an individual borrower.

Denote the value of default by V% and the value of repayment by V"¢, The value of making
the mortgage payment is given by:
V”Ld( t— 17mt 17]17'aht 17€tuzt) = maxuy ( ;e hrlf 1) + V( ;e Zt)

a;>0

while the value of default is given by:
V,;i’d(di_l,mi_l, Lo, hyys €5, 20) = u (Czltda i—1) + V(wt , Zt)
subject to the budget constraints and wealth evolution equations above. Households default ift:
V() > V()

13



where 7! is the household’s idiosyncratic default shock.

Trading Stage In the trading stage households make portfolio decisions. They allocate their
wealth w! between deposits d!, housing hi, and Lucas trees si. They can also revise their

mortgage balance from (1 — §)m!_; to m! at current price ¢/

Borrowers are subject to a cost of deviating from a target loan-to-value ratio, given by
P (% — LTV). This cost, rebated R to the household in proportion to wealth to neutralize
income effects, captures the notion of a mortgage rate schedule in reduced form and rules out
equilibria in which borrowers take on LTV ratios >> 1 at very high rates in the expectation

that they will likely default.

The trading stage budget constraint is given by:

/ m, 1 hit s
1_|_trgl+Qt mt+ptht+pt8t+(1)<

q" mt
Dy ht

w; + R = LTV)

and the value function is:

V(wi, Z,) = max [(E [max {maxu (csz, hl) + V(wif{l, Zt),nf (uB(ct+1, hz) + V(th, Zt)> H

di,hi,simi ai>0

where the innermost maximization indicates the optimal consumption-savings choice in next
period’s consumption stage, the middle maximization indicates the default decision, and the

outermost maximization indicates portfolio choices in the current period.

3.2 Banks

Banks are owned by savers so maximize the stream of dividends discounted at the saver’s

stochastic discount factor.

They lend in the mortgage market, financing their loan portfolios with equity and deposits,

which are risk-free one-period bonds held by borrowers and outside investors. Outside investors

have perfectly elastic demand for deposits at a price of The deposit rate r¢ may differ

1+ 4
from the policy rate rt to which adjustable mortgages are indexed. Recent work has shown

that changes to policy rates do not pass through one-for-one to deposits, complicating banks’
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exposure to interest rate risks.'! We model the relationship in reduced form as
ri = (1 = aq) + Ba(r] —7)

with a > 0 and (4 € (0,1]. The parameter oy captures the average spread between policy and
deposit rates, while 8; capture the degree of deposit rate sensitivity to policy rate deviations

from its mean. When a4y = 0 and §; = 1, the two rates are always equal.

Banks portfolios are perfectly diversified and hence identical across banks, so we can write
the bank’s problem without i subscripts. They enter a period with a stock of outstanding
mortgages m!_;, of which a fraction F}' default. On mortgages that do not default, banks

receive a payment x; per unit of mortgage m! ; and have an ex-payment value (1 — §)g™.

Mortgage defaults lead lenders to seize the house, on which they must make a maintenance
payment before selling it in foreclosure at a price p;(1 — ¢) per unit, where ( represents a

foreclosure cost. The total foreclosure proceeds are
e . .
/0 ziefaulthi—lpt((l - C) - 5H)d7,

The payoff per unit of mortgage is therefore:

¢
, hi_ :
Xi= (1= FD)or (L= 0)a) + [ B pl(1 =€) = )
0 t—

1

Running the intermediation technology is costly. Banks must pay a fraction v of the value of

their mortgage portfolio as intermediation costs. Their net worth is then given by:
wi = (1= v)Xmi_y +dp_,

where negative values of d! represent borrowing by the lender.

Banks use their equity deposits to finance dividends and mortgage purchases, maximizing

HE.g., Nagel (2016), Drechsler et al. (2017), and Krishnamurthy and Li (2022)
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mt,

max E; [Z Mt sDivy

subject to a budget constraint:

I

w; = 1o 4 + +qt mi + Div,

and a capital requirement:
—dy < E(kq™ + (1 — K)g")ymy

where £ represents the maximum leverage ratio and x represents the fraction of the mortgage
portfolio that is carried at book value on the lender’s balance sheet. A value of k = 1 indicates
that mark-to-market losses on the mortgage portfolio do not tighten leverage constraints, while

x = 0 indicates a fully mark-to-market regime.

3.3 Savers

Saver households have the same preferences as borrowers, but receive income from their shares of
Lucas trees free from idiosyncratic risk. As owners of bank equity, they also receive net dividends
from the banks. Finally, they are rebated lump-sum the costs associated with mortgage default
— both the pecuniary cost of default faced by borrowers and the foreclosure cost faced by banks

— as well as the cost of intermediation. Their budget constraint is simply:

¢; = Divy + %Yt + Rebates;.
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3.4 Equilibrium

Given the exogenous processes for aggregate income Y; and risk-free rate T{ and given the

idiosyncratic income shocks i and ARM reset shocks 1, and the idiosyncratic default shocks
nt, an equilibrium is a set of borrower household allocations {c!, hi, st, mi, d¢, ai}s2,, borrower
default decisions {14}2°, bank allocations {Divy, m!, dI}2°,, saver allocations {c?}5°, and prices
{ph, p3, g }22, such that each agent maximizes their value function subject to their constraints,

and the following market-clearing conditions hold:

1. The mortgage market clears:
K .
(1—0m! =MP E/ mydi
0
2. The borrower housing market clears:
— e .
ayH = HP E/ hydi
0

3. The market for borrower Lucas trees shares clears:

¢
a= / sydi
0

Note that the elastic demand for deposits by outside investors at rate r{ implies that the

deposit market within the model does not need to clear.

Appendix II contains the derivation of the equilibrium conditions and the solution to the

model.

4 Calibration

We calibrate the model at an annual frequency in two steps. Table 1 displays parameters whose
values we choose outside the model based on external sources. Table 2 displays “internally”
calibrated parameters, whose values are chosen so that the model with fixed-rate mortgages

(mr = 0) matches moments estimated in the data. We discuss each set of parameters in turn.
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Stochastic Environment Aggregate dynamics of the model are governed by shocks to ag-
gregate income Y; and the interest rate rf . In our baseline calibration, we abstract away from
income shocks, setting Y; = 1. The risk-free rate process is parameterized by an AR(1) process
with mean u,, standard deviation o,., and persistence p,, calibrated to match the dynamics of
the 1-year Treasury constant maturity rate from 1987 to 2024. We estimate a mean rate of
0.034, an unconditional standard deviation of 0.014, and a persistence of 0.724. The standard

deviation and persistence parameters imply the standard deviation of interest rate shocks.

We normalize the idiosyncratic income shocks to have a mean of 0, which means that they
are governed by two parameters. The probability of a low income realization 7, is set to 0.058,
which is the average post-war unemployment rate. The magnitude of the low income shock ¢,
is set based on the Ganong and Noel (2019) estimates of the income loss from unemployment.
They find that income loss occurs gradually over the first year as unemployment insurance
expires. Since our model is annual, we average the income loss in months after UI kicks in as
reported in Figure 2, Panel A of that paper, producing a value of -0.456. The high income

shock e is set to ensure that the expected value of the idiosyncratic income shock is zero.

Deposit Rates Bank deposit rates are lower than risk-free rates, such as T-Bill and Fed
Funds, on average and adjust less than one for one with those rates. We estimate deposit rates
using quarterly Call Reports data from 1987 to 2024 as the ratio of interest expense to previous
quarter’s balance on all non-time deposits. The main role deposits play in our model is liquidity
— they are the only asset that can be liquidated to finance consumption in the consumption
stage. Time deposits incur penalties for liquidation before maturity, motivating their exclusion.
We set oy to the average spread between the Fed Funds rate and the deposit rate of 0.018.

It often takes multiple quarters for deposit rates to adjust after a change in the Fed Funds
rate. Our specification of r{ as a linear function of 7/ does not allow for such intertia, and
contemporaneous responses of deposit rates may understate the sensitivity of the deposit rate
to the risk-free rate. We estimate a VAR(1) of Fed Funds and deposit rates and set 3; = 0.340,

the peak of the deposit rate impulse response to a one-unit shock to the Fed Funds rate.
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Table 1: Externally Calibrated Parameters

Parameter Value

Panel A: Stochastic Processes

Mean of risk-free rate process oy 0.034
Std. dev. of risk-free rate process o 0.014
Persistence of risk-free rate process Pr 0.724
Probability of low idiosyncratic income shock (ey) mp 0.058
Idiosyncratic income drop in low state €1, -0.456
Idiosyncratic income increase in high state eg  Set such that E[e] = 0

Panel B: Deposit Rates

Deposit spread w.r.t. base interest rate Qayq 0.018
Deposit sensitivity w.r.t. base interest rate B 0.340

Panel C: Borrowers and Savers

Borrower population share { 0.400
Borrower income share a 0.600
Borrower housing share ap, 0.500
Risk aversion y 1.5

Panel D: Housing, Mortgages and Banks

Housing maintenance payment Op, 0.020
Mortgage rate reset probability Tr 0.000
Deviation from target LTV cost 10} 0.050
Max. leverage ratio 13 0.920
Share at book value K 0.000

Population, Income, and Housing Shares Using 2023 SCF data, we set £ = 0.400 to
the approximate share of homeowners that have a mortgage LTV of at least 30%. Given this
definition of borrowers, a = 0.600 and and aj, = 0.500 are set to the approximate shares of

income and housing, respectively, held by borrowers in the SCF data.

Banks DBanks are subject to a capital requirement that limits their leverage. We set the
maximum leverage ratio £ to 0.920, which is the maximum Tier 2 capital ratio for banks under
Basel III. This calibration effectively assumes a mortgage risk weight of 100%, which is the
standard risk weight for residential mortgages. In the baseline calibration, we set the book

value share x to 0.000, meaning that mortgages are held at market value.

Borrower Preferences, Housing, and Defaults Housing maintenance payments as a frac-
tion of housing are set to 0.020 based on the post-war average residential housing depreciation
rate. Our model does not include housing investment, so the maintenance payment can be

thought of as investment needed to offset depreciation and maintain housing stock at its steady-
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Table 2: Internally Calibrated Parameters

Parameter Value Target Value (FRM Bench)
Panel A: Borrowers

Borrower patience 8 0.969 Mortgage/income 145.16
Housing utility weight for borrowers f 0.183 Housing/income 268.10

Std. dev of idiosyncratic default shock o, 0.045 Default rate 2.07

Income loss upon default A 0.148 Deposits/income 25.74

Panel B: Intermediaries

Foreclosure cost ¢ 0.530 LGD 14.00

Banker intermediation cost v 0.034 Mortgage rates 0.059
Principal payment share 6 0.034 Mortgage duration 6.9

state value.
We set household risk aversion v to 1.5, a standard value in the literature.

The remaining set of borrower preference and default-related parameters are calibrated in-
ternally. Panel A of Table 2 displays four parameters that must be calibrated jointly. We set
patience [ to 0.969, which yields a mortgage/income ratio of 145.16% given the values of other
parameters, matching its value in the 2023 SCF. The value of housing to income is determined
in equilibrium by the present value of user costs parameterized by the utility weight on housing
0, discounted at the rate implied by  and the probability of losing the house in foreclosure (i.e,
default rate). We set 6 to 0.183 such that, at the target default rate and given the calibrated
value of /3, the value of housing/income matches 268.10% in the SCF.

Housing- and mortgage-to-income ratios imply a LTV ratio of approximately 60%. The
mapping of this ratio into default rates depends on two parameters — the standard deviation
of the idiosyncratic default shock o, and the share of future income lost in default A\. The
pecuniary cost of default motivates agents to hold deposits so that they can decrease their
default probability in the event of a low income realization. We set o, to 0.045 and A to 0.148
to match the average 2003-2023 flow into 90-day delinquency in the New York Fed’s Quarterly
Report on Household Debt and Credit (QRHDC) of 2.07%, and the deposits-to-income ratio
of 25.74% in the SCF.

Mortgages In our model, there are no idiosyncratic shocks to home values, so in the cross-

section defaulting households have the same LTV ratios as non-defaulting households. Given
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the LTV ratio implied by the calibration of housing and mortgage-to-income ratios, we set
foreclosure cost ¢ to 0.530, which implies a loss given default (LGD) of 14.00%. This is consistent
with the average LGD in the data, computed as average charge-off rate on mortgages held by
depository institutions, from the St. Louis Fed FRED database, divided by the average default
rate from the NY Fed QRHDC.

The mortgage interest payment in the FRM economy ¢y is set so that the steady-state mort-

gage price ¢

is equal to 1, and thus ¢y can be interpreted as the steady-state mortgage yield,
or par rate. The historical average rate is 0.059. In the model, the mortgage yield, defined
as the discount rate, which discounts expected future cash flows to par, depends on (1) the
intermediary’s cost of funding, a leverage-weighted average of the equity cost of capital implied
by 8 and the deposit cost of capital 7 — g, (2) expected losses, a function of the default rate

and LGD, and (3) the cost of intermediation parameterized by v. Given a calibration that

matches target default rates and LGD, we set v to 0.034 so that ¢ =1 at ¢y = 0.059.

In counterfactual exercises with adjustable rate mortgages, we set ¢, = ¢y — 7, making
payments the same on average. In the baseline calibration, we set interest payments in the
teaser/fixed stage of an ARM ¢, to ¢y so that the end of the fixation period does not cause a

jump in payments.*?

Borrowers in our model do not endogenize the effect of their demand on their, rather than the
equilibrium, mortgage rate.!®> As a result, at low equilibrium rates, they may face an incentive
to take on a large mortgage that implies a high default probability and hence a low expected
cost of borrowing. One way to address this issue is to set a maximum LTV constraint, that
would be slack in steady state but bind in some states of the dynamic model. To simplify
model solution, we follow a different approach and impose a per-housing-dollar quadratic cost
of deviating from the steady-state book LTV ratio % (% - LTV)Z. We set ¢ to a small

positive value, 0.050. It has negligibly small effects on equilibrium dynamics but improves our

ability to solve the model by ruling out equilibria with counterfactually high LTV ratios.

The last mortgage contract feature is the fraction of the principal paid in each period, .

12Tn the data, teaser rates are often set lower such that a jump does occur, but we abstract from this feature
in the baseline to develop intuition about the effects of stochastic, rather than predictable, rate changes.

BModels with an endogenous debt schedule and long-term debt must tackle dilution incentives and the
optimal contract can be difficult to solve. In our framework, such a model would be intractable.
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This parameter determines the duration of the mortgage, which we set to match the duration
of a 30-year fixed rate mortgage in the data. Our model generates an endogenous reduction in
duration relative to its contractual value that occurs because of default, but we do not capture
the reduction due to moving-induced prepayments. To calculate the correct target duration in
the data, we compute an amortization schedule for a 30-year fixed rate mortgage with a rate
of ¢ty and an annual prepayment probability of 6%, close to the unconditional annual moving
probability of mortgage borrowers reported by Fonseca and Liu (2024). This procedure yields §
equal to 0.085, which implies a duration of 6.9 years. We describe the procedure in more detail

in Appendix III.

4.1 Model Solution

The model is solved numerically using the global Transition Function Iteration method of Elenev
et al. (2021). Our main experiments compare the performance of the economy across a range of
mortgage fixation lengths parameterized by 7.. When this parameter is equal to 0, the economy
is in a fully fixed-rate mortgage (FRM) regime. At the other extreme when . is equal to 1,
the economy is in an adjustable-rate mortgage (ARM) regime where mortgage payments reset
every year. For each economy considered below, we simulate 16 paths of 5,000 periods each
after discarding the first 1,000 and report unconditional moments of the long simulation. We
also consider impulse responses to interest rate shocks at the stochastic steady state of each

model.

5 Results

We first show impulse responses to interest rate shocks at the stochastic steady state of the FRM
and ARM economy, and discuss main mechanisms. We then report unconditional moments of
a long simulation, grouped by financial stability outcomes, borrowers and consumption, and

risk-sharing outcomes across a range of counterfactual mortgage structures.
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5.1 Rate Shock Impulse Responses and Mechanisms

First, to understand the role of mortgage structure in the transmission of interest rates, we
analyze impulse responses of the pure FRM and ARM economies to a positive shock to the
policy rate r{ 1 Figures 3 displays the results for borrower variables, while 4 displays the

results for banks.

How does the economy respond to an increase in the policy rate from 3.1% to 5%? The
effects vary with the underlying mortgage structure. To contrast the differential effects, we first
compare a pure FRM economy where interests rates do not reset with a pure ARM economy
where interest rates every year below, but we subsequently expand the comparison and study

differing intermediate fixation lengths.

Borrowers When rates are fixed (“FRM”), total mortgage payments remain unchanged on
impact and borrower liquidity is unaffected. Mortgage rates go up, but existing borrowers are
shielded from the increase. In addition, holding on to their current mortgage becomes more
valuable because the alternative is more expensive. As a result, borrowers are less likely to
default for strategic reasons. At the same time, new borrowers face higher mortgage rates
and are less likely to take out a loan, decreasing the aggregate mortgage balance and driving
down demand for housing. The net effect of lower defaults and less available credit is a slight
decrease in house prices,'® a larger decrease in mortgage credit and hence future payments, and

a persistent decrease in default rates due to lower LTVs.

In contrast, when mortgage payments reset every year (“ARM”), borrowers face higher pay-
ments immediately. The liquidity burden of higher payments causes a spike in default rates
with higher defaults persisting as long as rates and hence payments remain higher. The reduc-
tion in household liquidity has two consequences for credit demand. On one hand, persistently
higher default rates lower house prices restricting the available supply of mortgage collateral.

But on the other hand, the need to spend a larger share of their liquid assets on mortgage

14To compute impulse responses, we initialize the economy at the stochastic steady state of a long simulation
at ¢ = 0 and compute its ¢ = 1 transition given a particular realization of exogenous variables. Subsequently,
we let the economy evolve stochastically, simulating 5,000 paths of 25 years each. The average path constitutes
the plotted impulse response.

15We do not model explicit mortgage lock-in effects (Fonseca and Liu, 2024) and their impact on house prices
in an FRM economy, see e.g. Fonseca et al. (2024).
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Figure 3: Impulse Responses to a Positive Interest Rate Shock: Borrowers
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payments disproportionately reduces borrower consumption relative to wealth. The desire to
smooth consumption raises demand for credit. On net, the demand effect wins out, resulting in

higher credit demand which leads to larger mortgage balances and a bigger increase in mortgage

rates relative to the FRM economy.

Banks The different dynamics of default and credit demand have consequences for the finan-
cial sector. Figure 4 plots key banking variables in output units, to aid comparison. When rates
go up, the cost of deposit funding — the banks’ interest expenses — also increase, though less
than one for one. When mortgage rates are fixed, interest income remains unchanged, leading
to a drop in banks’ net interest margin. Banking becomes less profitable, despite the slight
offsetting decrease in credit losses discussed above (due to borrowers defaulting less because
their low-rate mortgage becomes more valuable). Moreover, fixed-rate mortgages have a long
duration. In response to higher rates, the market value of long-dated bank assets falls. With
both lower cash flows due to smaller net interest margins, and lower asset values due to higher

discount rates, the net worth of the banking sector declines, as does the consumption of their

equity-holders — the savers.

More constrained banks demand higher compensation to take on mortgage risk, a result
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Figure 4: Impulse Responses to a Positive Interest Rate Shock: Banks
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common to intermediary-based asset pricing models. The spike in risk premia, i.e. expected
excess returns on mortgages, amplifies mortgage duration, further contributing to market value

losses of banks as it increases discount rates.

In contrast, in the ARM economy, higher rates lead to higher mortgage payments. Since
mortgages are indexed to the policy rather than the deposit rate, the net interest margin of
banks increases as mortgage rates received rise by more than deposit rates paid. Banks become
more profitable even though credit losses rise due to a rise in defaults. Intuitively, banks’
credit losses in the ARM economy are more “hedged” across states since they precisely arise in
states of the world where cash flows from mortgage payments are high. Moreover, because the
increase in cash flows outpaces the increase in the depsit rate, which is the relevant risk-free
component of the discount rate for banks funding themselves with deposits, adjustable-rate
mortgages effectively have negative duration. Their value increases with higher rates. With
higher cash flows and higher asset values, the net worth of the banking sector increases, yielding

higher dividends for their saver equity-holders.

The increase in intermediary net worth lowers mortgage risk premia. But risk premia are
non-linear in intermediary net worth. An improved capital position of already healthy banks in

the ARM economy does not reduce risk premia much, but a deterioration in the capital position
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with impaired balance sheets in the FRM economy leads to a sharp spike in risk premia.

Cross-Country Evidence Given these model predictions, we also show illustrative evidence
consistent with predicted differences in FRM and ARM economies using differential develop-
ments in US and UK delinquencies, house prices, and bank equities over 2022 to 2023, as well as
other ARM economies. Appendix Figure [A.3 shows that delinquencies in the UK rose by more
than 60% from their 2022 levels by the beginning of 2024, whereas US delinquencies actually
declined by almost 20% (albeit from a higher level). Figure TA.4 shows that US real house
prices outperformed house prices in ARM economies by 10 to 15% between 2022 and 2024.
Similarly, UK, Australia, and Euro Area bank equities outperformed bank equity indices in the

US (and also Canada) by almost 40 per cent.

While merely suggestive, we consider the cross-country evidence in outcomes following the
2022 to 2023 tightening cycle as highly consistent with our model’s predictions. This gives us

confidence to proceed with evaluating a range of other mortgage structure counterfactuals.

5.2 Financial Stability

To assess financial stability outcomes across mortgage structures and determine a volatility-
minimizing mortgage structure, we briefly develop a benchmark result in the following subsec-
tion, before comparing simulated financial stability outcomes in the benchmark FRM economy

with several counterfactual economies where we vary mortgage fixation length.

5.2.1 Simple Zero-Duration Benchmark

Our starting point for measuring financial stability is the volatility of intermediary net worth:
V [log W;], which relates to the volatility and cost of credit provision that a policy maker would

care about. In a world where log W; only depends on current interest rates r;, we have:

logW, = o — dry

_dloth — 5

As a result, we can interpret ¢ as the duration of intermediary net worth: o

26



d measures the % decline in net worth for a 1 p.p. increase in rates. Minimizing V [log W]
is achieved when ¢6* = 0, i.e. in a “zero duration” financial system, the volatility-minimizing

mortgage fixation length matches the duration of deposits.'

However, log W; may further depend on other state variables, which we can collectively term

x¢, which yields:
log W, = av — 1y + vy
The variance of log W; is:
V [log W] = 6V [ry] + vV [z4] + 67Cov [ry, z¢] (1)

To find the new volatility-minimizing duration §**, we can take the first-order condition with

respect to  to obtain:

7 Cov [ry, x4

=3 V [ry]

As aresult, the volatility-minimizing duration is not zero, but instead also depends on Cov [ry, z;].
For Cov [ry, ;] > 0, the volatility-minimizing duration is smaller than zero, and for Cov [ry, z;] <
0, it is greater than zero. Equation 1 further shows that net worth variance is quadratic in dura-
tion, meaning duration is increasing in the absolute distance to the volatility-minimizing dura-

tion 6**. Figure IA.6 in the appendix illustrates this intuition for different values of Cov [r, ).

As noted previously, “state variables” that may affect intermediary net worth beyond interest
rates but that may be correlated with rates are endogenous default behavior by households,
as well as equilibrium pricing of mortgage rates, both of which may differ across mortgage

structures.

16This duration-matching strategy to minimize interest rate changes on net worth is also referred to as
“immunization” by practitioners.
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5.2.2 Financial Stability Outcomes Across Mortgage Structures

We can now compare financial stability outcomes in the benchmark FRM economy with several
counterfactual economies where we vary mortgage fixation length. To do so, we solve the
model and simulate outcomes for economies with values of 7, € [0,1] where 7, reflects the
annual probability of the rate resetting, and 1/, the (expected) fixation length. For instance,
a full ARM economy has a rate that resets every year with 7, = 1.0, a 10-year fixed-rate

mortgage economy has m, = 0.1, while the full FRM economy has 7, = 0.

We consider three summary measures of financial stability that we compute across different
mortgage structures, varying from fully adjustable (fixation length of 1 year) to fully fixed
(infinite fixation length), shown in Figure 5. Panel (a) shows the volatility of banks’ mortgage
returns. Since banks only hold mortgages in our setting, this is equivalent to the banks’ volatility
of return on assets (ROA). As such, it only measures income volatility, ignoring the volatility
of expenses (or, similarly, volatility on the asset side without considering the liability side), and
also ignores leverage effects. Next, Panel (b) shows the duration of intermediary net worth,
measured as the negative of the regression coefficient of log wealth on interest rates. Net worth
duration reflects by how much intermediary net worth (in per cent) declines in response to a 1
percentage point increase in rates. The pure ARM economy with a fixation length of one year
has large negative duration, meaning that net worth increases substantially when interest rates
go up (and vice versa). The pure FRM economy with an infinite fixation length has moderate

positive duration, meaning net worth declines when rates go up.

Net worth duration would be a comprehensive measure of risk if net worth was only driven
by contemporaneous rates, as captured by the regression. However, the R? of the duration
regression is only 0.164, suggesting that there are dynamic and persistent effects of rate changes
on net worth that are not captured by duration. As a result, our preferred measure of financial
stability is the volatility of banks’ return on equity (ROE), shown in Panel (c). This measure
captures the combined equilibrium effects of asset and liability-side volatility as well as leverage

on the volatility of intermediary net worth.!”

Both mortgage return volatility and the volatility of banks’ ROE in Panel (a) and (c) of

1"This is consistent with the intuition in Meiselman et al. (2023), who show that banks’” ROE is a strong
predictor for systematic tail risks.
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Figure 5: Measures of Financial Stability Across Mortgage Structures
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Figure 5 reveal a “U-shape” pattern, that is, volatility measures are higher on both extremes
of mortgage structure, fully adjustable or fully fixed, than at an intermediate fixation length.
In an FRM economy (infinite fixation length), volatility comes from market value fluctuations
due to the long duration of mortgages. Shorter fixation lengths decrease duration, but they
also increase the volatility of cash flows. In a full ARM structure, mortgage payments and thus
cash flows are very sensitive to interest rate changes, more so than deposit expenses. This leads
intermediary equity to have strongly negative duration (Panel (b)). Overall, risks to financial
stability are minimized at an intermediate fixation length of approximately 3 years. We discuss

potential drivers behind this result in the following section.

5.2.3 What Determines the U-Shape Minimum?

What explains the U-shaped pattern of financial stability risks across mortgage structure? We
explore two mechanisms: first, the role of deposit rate sensitivity with respect to rate changes,
and second, endogenous default and credit losses and their interaction with intermediary net

worth, which affect risk premia.

Deposit Sensitivity Figure 6 reveals that the lower volatility advantage of the full FRM

benchmark stems primarily from the calibrated degree of deposit stickiness with g; = 0.34.
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Bq < 1 governs the pass-through of interest rate changes to deposit rates, and thus affects
how much less sensitive interest expense (as measured by deposit rates) is to rate shocks than
interest income, where we assume that the pass-through from interest rates to floating mortgage
payments is equal to one. In a counterfactual where deposits are more sensitive to policy rates
(Ba = 0.67), ROE volatility under an FRM structure can be higher than under an ARM
structure. Intuitively, a greater deposit sensitivity aligns the duration of liabilities under an
ARM structure more with the duration of assets, while the reverse is true in an FRM regime,

consistent with findings by Drechsler et al. (2017).

Figure 6: ROE Volatility by Deposit Sensitivity
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To summarize, the fixation length at which volatility is smallest depends, in part, on the aver-

age sensitivity of contractual mortgage payments minus deposit expenses. However, our model

reveals additional equilibrium forces that complicate volatility-minimizing fixation length.

Mortgage Default and Risk Premia First, mortgage structure affects the level and volatil-
ity of default rates, as well as the sign of their covariance with interest rates. Second, mortgage
structure changes the dynamics of mortgage risk premia, which contribute to the volatility of

mortgage returns and ROE as “discount rate” news.

To assess these effects, we return to a comparison of the fullARM vs. full-FRM economy. Fig-
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Figure 7: Default Rates By Level of Interest Rate and Intermediary Net Worth
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Notes: This figure shows simulation scatter plots of default rates by the level of intermediary net worth (x-axis)
and interest rates (color: blue is low, yellow is medium, orange is high). The left plot shows the ARM economy,
while the right plot shows the FRM economy.

ure 7 illustrates substantial differences between FRM and ARM economies when comparing de-
fault rates across interest rate levels (color) and intermediary net worth to GDP (x-coordinate):
Consistent with Campbell and Cocco (2015), default occurs in different macroeconomic states
across mortgage structures, and is more rate sensitive in the ARM economy. With ARMs,
the level of defaults is highest at high levels of interest rates (in orange). However, these are
also states of the world in which intermediary net worth is relatively high given higher cash
flows from higher mortgage payments. Thus banks’ default losses are typically more hedged
in an ARM economy, as they coincide with high levels of intermediary net worth. Overall,

intermediary net worth is positively correlated with the level of interest rates.

In contrast, intermediary net worth is somewhat negatively correlated with interest rates in
the FRM economy. Rate hikes push intermediary net worth lower. There is a small hedging
effect in the FRM economy as well, since rate hikes push default rates lower as shown in the

impulse responses, but the lower sensitivity of defaults to rates in the FRM economy means
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Figure 8: Mortgage Risk Premia Decrease with Intermediary Net Worth
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Notes: This figure shows simulated scatter plots of mortgage excess returns by the level of intermediary net
worth, for ARM and FRM economies.

the hedging force is smaller in the FRM world. Figure 8 shows that the weaker hedging effect
makes risk premia (left y-axis) more sensitive to intermediary net worth (x-axis) when it is low.
In the FRM economy (blue), risk premia are very high when rates are high and intermediary
net worth is low, while in the ARM economy (red) risk premia are only moderately high when

rates are low.

However, Figure 8 also shows that ARMs make intermediary net worth more volatile on
average, with a higher probability of being in a low intermediary net worth state compared to
the FRM economy (shown as frequency distribution of simulation periods on the right-hand

y-axis), meaning that risk premia in the ARM economy are not necessarily lower on average.

In sum, fixation length affects the cyclicality of mortgage risk contributing both to the credit
risk and risk premium components of intermediary ROE. These equilibrium forces highlight
that, to minimize intermediary risk, it is insufficient to align the timing of expected interest

income and expenses.
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Figure 9: Default and Net Worth by Level of Interest Rate
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Notes: This figure shows simulation-based average rates of default and levels of intermediary net worth to GDP
across different levels of interest rates, for the fullARM (1-year fixation length), intermediate ARM (3-year
fixation length), and fulllFRM (infinite fixation length) economies.

5.3 Intermediate Fixation Length

Figure 5 shows that intermediary net worth volatility is minimized around a fixation length of
3 years, and the mechanisms above suggests that such an intermediate fixation length balances
somewhat opposing forces in both ARM and FRM economies. To directly compare outcomes
in an economy with an intermediate fixation length of 3 years, we turn to Figure 9, which shows
the average default rate (Panel a) and average level of intermediary net worth to GDP (Panel
b) by different interest rate levels. While default is steeply increasing in the level of interest
rates in the full-ARM economy (with a fixation length of one year), and somewhat decreasing
in the level of interest rates in the fulllFRM economy, default is relatively stable across the
intermediate fixation length economy (“ARM 3yr”). Similarly, intermediary net worth is also
steeply increasing in rates in the ARM economy and weakly decreasing in rates in the FRM
economy, and broadly stable in the intermediate fixation length economy. The results suggest
that an intermediate fixation length broadly balances the different mechanisms in both extremes
of mortgage structure, fully adjustable or fully fixed, such that defaults are less sensitive to the
level of interest rates, and net worth also becomes less sensitive to the level of interest rates,
making the intermediary sector more stable across states of the world with different interest
rate levels. In other words, mortgage structure affects the cyclicality of default and net worth

with respect to interest rates, as we explore further below.
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5.4 Borrowers and Consumption

Our results on financial stability illustrate the risks to which savers, as bank equity holders, are
exposed. For a full understanding of risk sharing, we compare outcomes for both borrowers and
banks in Table 3, where the top panel reports bank-related moments, including those shown
graphically in Figure 5, and the bottom panel reports those associated with borrower decisions.
The results for our baseline low deposit sensitivity calibration are presented in the first three
columns. The first and third columns report results for the fulll-ARM and full-FRM economies,
respectively, corresponding with the left-most and right-most points in the graphs above. The
middle column reports results for an economy in which the fixation length is 3 years, the point

at which intermediary net worth volatility is minimized.

Mortgage structure determines not only the degree but also the nature of borrowers’ expo-
sure to interest rate risk, which ultimately determines default and portfolio choices. In ARM
economies, mortgage payment-to-income (PTI) ratios increase in rates, exposing borrowers to
liquidity risks, as seen in the “PTI ( OLS coef.)” which reports the coefficient of a regression of
PTI on interest rates. A 1 percentage point increase in rates corresponds to a 1.61 percentage
point increase in PTT in the ARM (1yr) economy, but only a 0.45 percentage point increase in
the ARM (3yr) economy, and a —0.17 percentage point change in the FRM economy as house-
holds delever. But rate shocks also have wealth effects, which determine borrowers’ strategic
default behavior. Higher interest rates always lower house prices on impact, but the extent to
which they affect the value of the mortgage — and, hence, LTV ratios, depends on the fixation
length. In the FRM economy, high rates lead to low mortgage values. This creates mildly
countercyclical LTV ratios (reflected in a negative “LTV (OLS coef.)”, analogously defined to
the PTI regression coefficient), and, together with stable payments, yields countercyclical de-
fault rates (negative “Default Rate (OLS coef.)”, which is consistent with the impulse responses
showing a decrease in default rates when rates go up. As fixation length decreases, mortgage
duration drops and eventually flips sign. In the fulllARM economy, rate hikes lead not only to
higher house prices but higher mortgage values, which implies strongly procyclical LTV ratios.
Together with procyclical payments, this leads to procyclical default rates, which are more
volatile than in the FRM economy. Conversely, default rates can be mildly countercyclical in

the FRM economy. At intermediate fixation lengths, default rates are close to acyclical with
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Table 3: Measures of Financial Stability

Deposit Sensitivity: Low (B84 = 0.34) High (84 = 0.67)
Mortgage Structure: ARM (1yr) ARM (3yr) FRM ARM (1yr) ARM (3yr) FRM
Excess ROE (mean) 2.26 1.50 1.70 1.65 1.70 2.29
ROE (st. dev.) 20.79 1.41 9.11 12.74 8.05 16.89
Excess ROA (mean) 0.22 0.16 0.19 0.16 0.19 0.25
ROA (st. dev.) 2.20 0.66 1.17 1.73 1.58 2.25
Fraction of constraint binding 27.45 86.50 49.99 24.61 45.31 36.10
Duration of bank net worth -13.96 -2.41 1.99 -11.51 -0.70 4.82
PTI (OLS coef.) 1.61 0.45 -0.17 1.48 0.28 -0.33
LTV (OLS coef.) 2.47 0.17 -1.19 1.52 -0.99 -2.19
Default Rate (mean) 2.07 2.36 2.32 2.21 2.30 2.19
Default Rate (std. dev.) 0.36 0.07 0.26 0.19 0.29 0.48
Default Rate (OLS coef.) 0.14 0.01 -0.07 0.09 -0.05 -0.12
DTI (mean) 145.16 151.15 150.37 148.16 149.80 147.38
LTV (mean) 55.15 59.68 59.08 57.48 58.68 56.86
Deposits / Income (mean) 25.74 24.36 24.49 25.16 24.76 25.24

Notes: Unconditional moments from a long simulation of the model. Except for the duration of bank net worth,

all quantities are reported in percent. Rows marked ”OLS coef.” report the coefficient of a regression of the

variable on the policy rate rf .

respect to interest rates, and are least volatile.

Higher exposure to interest rate risk in ARM economies lowers both the supply and the de-
mand for credit. Together with more expensive mortgages due to higher risk premia (“Excess
ROA?”), volatile default rates cause households to reduce their demand for credit and expand
precautionary saving. Relative to the FRM economy, in the fulll-ARM economy, average mort-
gage debt falls both relative to income (DTI) and relative to house prices (LTV), while deposits
to income increase. As a result, less indebted borrowers default less often on average. The

opposite is true for the safer ARM (3yr) economy.

Differences in risk exposures and indebtedness have implications for consumption. Fewer
mortgages mean a smaller banking sector, with reduced dividends lowering saver consumption
(Panel A) in the ARM economy. While the banking sector is more volatile, its smaller size makes
its returns a relatively smaller part of saver consumption, leading to decreased unconditional
consumption volatility across time. However, conditional on a particular state of the economy,
the volatility of consumption growth — which determines the price of risk in asset pricing models

— goes up, consistent with the higher risk premia in the ARM economy discussed above.
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Table 4: Consumption Measures

Deposit Sensitivity: Low (B4 = 0.34) High (85 = 0.67)
Mortgage Structure: ~ ARM (1yr) ARM (3yr) FRM ARM (1yr) ARM (3yr) FRM

Panel A: Savers

Cons. (mean) 49.15 49.93 49.84 49.54 49.78 49.50
Cons. gr. (st. dev.) 2.35 0.52 2.29 0.74 2.74 3.97
Cond. vol of cons. gr. 2.05 0.29 1.83 0.55 2.09 3.22
Panel B: Borrowers

Cons. (mean) 47.79 47.01 47.10 47.43 47.20 47.49
Cons. gr. (st. dev.) 16.17 17.17 17.12 16.69 16.99 16.70
Cond. vol of cons. gr. 10.46 11.05 10.92 10.89 10.94 10.63

Notes: Unconditional moments from a long simulation of the model.

The effect on borrowers is the opposite in the ARM economy. With less debt, their interest
burden is smaller, and they suffer the pecuniary consequences of default less often. This results
in higher average consumption. Having to make larger payments in high rate regimes, borrowers
in the ARM economy have higher unconditional consumption volatility, but their endogenous
delevering results in the conditional volatility — driven mainly by idiosyncratic shocks — to go

down.

5.5 Risk Sharing

Lastly, we assess how mortgage structure determines how risks are shared between households.
To quantify the degree of risk sharing, it is instructive to consider a hypothetical complete
markets benchmark. A social planner subject to rate shocks but not to any of the economy’s
frictions would insure households fully against idiosyncratic shocks and award each household

a constant fraction of overall consumption. In other words, the difference Alogci — Alogc]

between consumption growth rates of any two households ¢ and j would be zero in all periods.*®

We can then measure the quality of risk sharing by the unconditional variance of differences in

consumption growth rates between households. Recall that borrower households are subject to

18See Appendix II.5 for derivations. Moreover, the planner would optimize the overall economy’s exposure to
rate shocks. The planner would choose a net deposit position of the economy with respect to the rest of the
world to satisfy the consumption-savings Euler equation of the representative agent, whose consumption would
be equal to the aggregate consumption of the economy. We also derive these results in Appendix Appendix I1.5,
but since these effects turn out to be quantitatively negligible, we do not report these separately.
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Figure 10: Measures of Risk Sharing across Mortgage Structures
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Notes: R;p measures the variance of individual consumption growth relative to aggregate consumption growth,
and R pg measures the variance of aggregate consumption growth of borrowers relative to savers. In each panel,

R is reported in deviations from the level in the ROE volatility-minimizing economy.

undiversifiable idiosyncratic risk, while saver households are not. We can define two scale-free

measures of risk-sharing:

1. Higher values of R;p = Varg[Alogci — Alog CP], where CP is aggregate consumption of

borrowers, indicate worse intra-borrower risk-sharing;

2. Higher values of Rps = Varg[Alog CP — Alog C?], where C¥ is aggregate consumption

of borrowers, indicate worse risk-sharing between borrowers and savers;

Figure 10 reports the results in standard deviations from the level in the ROE volatility-
minimizing economy:.
Considering Panel (b), intermediate mortgage fixation lengths lead to the best attainable risk-

sharing arrangements between borrowers and savers as Rpg is minimized at a fixation length

of 5 years. This is a slightly longer fixation length relative to the contract that minimizes the

19At a fixation length of 3 years, R;p is 0.17, and Rpg is 0.005. Since these measures are scale-free, the level
of undiversifiable idiosyncratic risk faced by borrowers is considerably larger than aggregate risk shared between
borrowers and savers, consistent with many macroeconomic models.
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volatility of intermediary ROE, suggesting a small trade-off between financial stability and ag-
gregate risk sharing. With low effective mortgage duration and default rates that respond little
to interest rates, rate shocks have the least redistributive effects. They affect the consumption

of borrowers and savers similarly, leading to low Rpgg.

However, low exposure to aggregate risk leads borrowers to endogenously choose higher expo-
sure to idiosyncratic risk (Panel (a)). At intermediate fixation lengths, they choose the largest
mortgages, and hence the largest mortgage payments, should they choose to make them rather
than defaulting. When payments constitute a larger fraction of liquid income, the effect of
idiosyncratic income shocks on consumption is amplified. Moreover, higher mortgage balances
lead to a higher probability of default. Since consumption levels in and out of default are dif-
ferent, a higher probability of default leads to higher consumption volatility. This is reflected
in the higher R;p at intermediate fixation lengths.

Overall, mortgage structure most strongly affects the sharing of interest rate risk between
borrowers and savers, with the best attainable outcome occurring at an intermediate fixation
length of 5 years. The findings on idiosyncratic risk sharing between borrowers highlight a
somewhat subtle downside: a more efficient (aggregate) risk-sharing arrangement leads bor-
rowers to take on more idiosyncratic risk, which the mortgage structures under consideration

cannot diversify away.

5.6 Counterfactuals

Lastly, we evaluate factors that affect the financial stability and risk-sharing properties of

different mortgage structures by considering additional counterfactual economies.

5.6.1 Deposit Sensitivity

A major source of financial stability risk in the ARM economy is the large difference between
high sensitivity of mortgage payments to policy rates and the low sensitivity of deposit rates,
calibrated to match the empirical evidence. How different do the trade-offs between ARMs
and FRMs look when the pass-through of interest rate changes to deposit rates is higher? We

consider a counterfactual in which we double the calibrated benchmark sensitivity of g5 = 0.34
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to B4 = 0.67 in the fourth through sixth columns of Tables 3 (Financial Stability) and 4

(Consumption).

With more volatile deposit rates at which banks fund themselves, the FRM economy becomes
substantially riskier (third vs. sixth columns). Bank equity duration more than doubles,
the volatility of both asset and equity returns increases considerably, and banks demand a
larger compensation for the risk of holding mortgages. As before, a more volatile economy and
more expensive mortgages lead to lower borrower indebtedness, lower default rates, and higher

consumption.

The effect of switching from FRMs to ARMs in the high deposit sensitivity counterfactual is
opposite to that in the baseline experiment. When policy rates substantially pass through to
deposit rates, a mortgage structure in which payments are indexed to the policy rate improves
financial stability, reducing the volatility of bank balance sheets and the risk premia associated
with them and stimulating mortgage credit. Intuitively, the asset and liability side of bank
balance sheets are better aligned with ARMs when deposit rates fluctuate more strongly with

interest rates.

5.6.2 Intermediary Risk Aversion and Risk Premia

We can further consider an economy with risk-neutral intermediaries and interaction effects with
deposit sensitivity. In Figure 11, we compute the volatility of intermediary ROE across different
fixation lengths, but setting the coefficient of risk aversion for savers 75 = 0 (in yellow), and
also allowing for higher deposit sensitivity with 8; = 0.67 and risk-neutral savers (in purple).?’
Because savers own intermediaries, this comparison illustrates the effect of abstracting away
from intermediary frictions. Risk-neutral pricing makes fixed-rate mortgages more attractive
and reduces ROE volatility at longer fixation lengths. Consistent with the intuition developed
above, without risk premia, reductions in intermediary net worth due to increases in interest
rates play less of a role in the FRM economy. When we allow for both higher deposit sensitivity
and risk-neutral savers, economies with 10-year fixed-rate mortgages have similar ROE volatility

compared to full ARM economies, but ROE volatility is still higher compared to an economy

with volatility-minimizing 2-year fixed-rate mortgages.

20We keep borrower risk aversion at the baseline level of both agents v = 1.5.
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Figure 11: ROE Volatility - Higher Deposit Sensitivity, Risk-Neutral Intermediaries
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5.6.3 Other Factors

To summarize, from a mortgage market design perspective, the sensitivity of deposit rates to
interest rates and intermediary risk aversion play a substantial role when evaluating which
mortgage structure is preferable from a financial stability and risk-sharing perspective. Other
factors that we aim to consider are how sensitive default is to an increase in mortgage payments,
which could for instance reflect how stringent the underlying recourse regime is, and the sources

of aggregate output shocks.

6 Conclusion

This paper highlights the role of mortgage structure for financial stability and risk sharing
between households and financial intermediaries. To evaluate these effects in equilibrium, we
build a quantitative model with flexible mortgage contract structures, borrowers, and an in-
termediary sector. Borrowers endogenously default for liquidity and net worth-related reasons,

and default is more sensitive to interest rates in the adjustable-rate mortgage regime. In ad-
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dition, intermediary distance to capital constraints affects equilibrium mortgage pricing. As a
result, our model captures complex interaction effects between interest rate and credit risk, and

intermediary net worth.

Our results highlight differential financial stability implications with respect to interest rate
changes across mortgage structures. In an ARM economy, interest rate rises lead to higher
mortgage payments for households, increasing default rates and reducing house prices. How-
ever, banks in an ARM economy benefit from higher net interest margins and increasing asset
values, which protects cash flows despite rising credit losses. In contrast, in an FRM econ-
omy, households are shielded from payment increases, reducing defaults, but banks face higher

interest expenses and falling asset values, leading to a decline in net worth and profitability.

On net, we find that financial stability risks are “U-shaped” in mortgage structure: while
ARM payments are more sensitive to interest rates, defaults happen in states when interme-
diary net worth is high, resulting in lower risk premia in constrained states compared to the
benchmark FRM economy. As a result, an intermediate mortgage fixation length minimizes

the volatility of intermediary net worth and optimizes risk-sharing of aggregate risk.

Overall, our findings have implications for monetary policy and macroprudential regulation.
Our model provides a framework for understanding how changes in policy rates affect financial
stability differentially across mortgage structures. Our paper informs optimal mortgage de-
sign that aims to improve financial stability and risk-sharing between households and financial

intermediaries.

41



References

ADRIAN, T., anp H. S. SHIN (2008): “Financial intermediaries, financial stability, and mon-

etary policy,” Discussion Paper 346.

AJELLO, A., N. BOYARCHENKO, F. GOURIO, AND A. TAMBALOTTI (2022): “Financial

stability considerations for monetary policy: Theoretical mechanisms,” Discussion Paper

1002.

ALBERTAZZI, U., F. FRINGUELLOTTI, AND S. ONGENA (2024): “Fixed rate versus adjustable

rate mortgages: evidence from euro area banks,” Furopean Economic Review, 161, 104643.

ArTuNOK, F.; Y. ARSLAN, AND S. ONGENA (2024): “Monetary Policy Transmission with
Adjustable and Fixed-Rate Mortgages: The Role of Credit Supply,” Swiss Finance Institute
Research Paper, (24-65).

AUCLERT, A. (2019): “Monetary policy and the redistribution channel,” American Economic

Review, 109(6), 2333-2367.

BADARINZA, C., J. Y. CAMPBELL, AND T. RAMADORAI (2016): “International Comparative

Household Finance,” Annual Review of Economics, 8(1).

(2018): “What calls to ARMs? International evidence on interest rates and the choice

of adjustable-rate mortgages,” Management Science, 64(5), 2275-2288.

BEGENAU, J., T. LANDVOIGT, AND V. ELENEV (2024): “Interest Rate Risk and Cross-

Sectional Effects of Micro-Prudential Regulation,” Awvailable at SSRN.

BERGER, D., K. MILBRADT, F. TOURRE, AND J. VAVRA (2021): “Mortgage prepayment and

path-dependent effects of monetary policy,” American Economic Review, 111(9), 2829-2878.

Borio, C. E. (2014): “Monetary policy and financial stability: what role in prevention and

recovery?,” Discussion paper.

BOYARCHENKO, N., G. FAVARA, AND M. SCHULARICK (2022): “Financial stability consider-

ations for monetary policy: Empirical evidence and challenges,” Discussion Paper 1003.

42



BRACKE, P., M. EVERITT, M. FAZIO, AND A. VARADI (2024): “When refinancing meets
monetary tightening: heterogeneous impacts on spending and debt via mortgage modifica-

tions,” .

BRUNNERMEIER, M. K., AND Y. SANNIKOV (2014): “A macroeconomic model with a financial

sector,” American Economic Review, 104(2), 379-421.

BucHAK, G., G. MATvOs, T. PISKORSKI, AND A. SERU (2018): “Fintech, regulatory arbi-

trage, and the rise of shadow banks,” Journal of Financial Economics, 130(3), 453-483.

(2024a): “Beyond the balance sheet model of banking: Implications for bank regulation
and monetary policy,” Journal of Political Economy, 132(2), 616-693.

——— (2024b): “The secular decline of bank balance sheet lending,” Discussion paper,

National Bureau of Economic Research.

CABALLERO, R. J.; AND A. SIMSEK (2019): “Prudential monetary policy,” Discussion paper,

National Bureau of Economic Research.

CALzZA, A., T. MONACELLI, AND L. STRACCA (2013): “Housing finance and monetary policy,”

Journal of the European Economic Association, 11(1), 101-122.
CAMPBELL, J. Y. (2012): “Mortgage market design,” Review of Finance, 17(1), 1-33.

CAMPBELL, J. Y., N. CLARA, anD J. F. Cocco (2021): “Structuring mortgages for macroe-

conomic stability,” The Journal of Finance, 76(5), 2525-2576.

CAMPBELL, J. Y., anp J. F. Cocco (2003): “Household risk management and optimal

mortgage choice,” The Quarterly Journal of Economics, 118(4), 1449-1494.
——— (2015): “A model of mortgage default,” The Journal of Finance, 70(4), 1495-1554.

CAMPBELL, J. Y., C. PFLUEGER, AND L. M. VICEIRA (2020): “Macroeconomic drivers of

bond and equity risks,” Journal of Political Economy, 128(8), 3148-3185.

CAMPBELL, J. Y., R. J. SHILLER, L. M. VICEIRA, ET AL. (2009): Understanding inflation-

indexed bond markets, no. wl15014. National Bureau of Economic Research Cambridge, MA.

43



CAMPBELL, J. Y., A. SUNDERAM, L. M. VICEIRA, ET AL. (2017): “Inflation Bets or De-
flation Hedges? The Changing Risks of Nominal Bonds,” Critical Finance Review, 6(2),
263-301.

CHEN, H., M. MICHAUX, aAND N. RoussaNoOv (2020): “Houses as ATMs: mortgage refinanc-

ing and macroeconomic uncertainty,” The Journal of Finance, 75(1), 323-375.

DEMARZO, P., A. KRISHNAMURTHY, AND S. NAGEL (2024): “Interest Rate Risk in Banking,”

Discussion paper.

D1 Maccio, M., A. KerMmANI, B. J. KEvs, T. PISKORSKI, R. RAMCHARAN, A. SERU,
AND V. YAO (2017): “Interest rate pass-through: Mortgage rates, household consumption,

and voluntary deleveraging,” American Economic Review, 107(11), 3550-3588.

D1 Macgaio, M., A. KERMANI, anDp C. J. PALMER (2020): “How quantitative easing works:

Evidence on the refinancing channel,” The Review of Economic Studies, 87(3), 1498-1528.

D1 TeLrLA, S., anp P. KURLAT (2021): “Why are banks exposed to monetary policy?,”

American Economic Journal: Macroeconomics, 13(4), 295-340.

DiaAMOND, W., Z. JIANG, AND Y. MA (2024): “The reserve supply channel of unconventional

monetary policy,” Journal of Financial Economics, 159, 103887.

DiaMOND, W., anp T. LANDVOIGT (2022): “Credit cycles with market-based household

leverage,” Journal of Financial Economics, 146(2), 726-753.

DiamonD, W., T. LANDVOIGT, AND G. SANCHEZ (2022): “Printing Away the Mortgages:

Fiscal Inflation and the Post-Covid Housing Boom,” SSRN FElectronic Journal.

DRECHSLER, I., A. SAvov, anD P. SCHNABL (2017): “The deposits channel of monetary

policy,” The Quarterly Journal of Economics, 132(4), 1819-1876.

DRECHSLER, I., A. Savov, P. SCHNABL, anD O. WANG (2023): “Banking on uninsured

deposits,” Available at SSRN 4411127.

EBERLY, J., AND A. KRISHNAMURTHY (2014): “Efficient credit policies in a housing debt

crisis,” Brookings Papers on Economic Activity, 2014(2), 73-136.

44



EICHENBAUM, M., S. REBELO, AND A. WONG (2022): “State-Dependent Effects of Monetary
Policy: The Refinancing Channel,” American Economic Review, 112(3), 721-61.

ELENEV, V., T. LANDVOIGT, AND S. VAN NIEUWERBURGH (2016): “Phasing out the GSEs,”

Journal of Monetary Economics, 81, 111-132.

—— (2021): “A Macroeconomic Model With Financially Constrained Producers and In-
termediaries,” Econometrica, 89(3), 1361-1418.

FoNsecA, J., anp L. Liu (2024): “Mortgage Lock-In, Mobility, and Labor Reallocation,” The
Journal of Finance, 79(6), 3729-3772.

Fonseca, J., L. Liu, anp P. MABILLE (2024): “Unlocking Mortgage Lock-In: Evidence
From a Spatial Housing Ladder Model,” Awvailable at SSRN 487/65/.

FUSTER, A., anD P. S. WILLEN (2017): “Payment size, negative equity, and mortgage de-

fault,” American Economic Journal: Economic Policy, 9(4), 167-191.

GANONG, P.; anp P. NoOEL (2019): “Consumer Spending during Unemployment: Positive

and Normative Implications,” American Economic Review, 109(7), 2383—-2424.

—— (2022): “Why do Borrowers Default on Mortgages?*,” The Quarterly Journal of
Economics, 138(2), 1001-1065.

GARRIGA, C., AND A. HEDLUND (2018): “Housing finance, boom-bust episodes, and macroe-

conomic fragility,” in 2018 Meeting Papers, vol. 354. Society for Economic Dynamics.

GARRIGA, C., F. E. KYDLAND, AND R. SUSTEK (2017): “Mortgages and monetary policy,”
The Review of Financial Studies, 30(10), 3337-3375.

(2021): “Monk: Mortgages in a new-keynesian model,” Journal of Economic Dynamics

and Control, 123, 104059.

GERARDI, K., K. F. HERKENHOFF, L. E. OHANIAN, anD P. S. WILLEN (2018): “Can’t

pay or won't pay? Unemployment, negative equity, and strategic default,” The Review of

Financial Studies, 31(3), 1098-1131.

45



GOMESs, J. F., AND S. SARKISYAN (2023): “Monetary Policy and Financial Stability,” Avail-
able at SSRN.

GREENWALD, D. (2018): “The mortgage credit channel of macroeconomic transmission,” Dis-

cussion paper.

GREENWALD, D. L., J. KRAINER, aAND P. PAUL (2023): “Monetary Transmission through

Bank Securities Portfolios,” Discussion paper.

GREENWALD, D. L., T. LANDVOIGT, AND S. V. NIEUWERBURGH (2019): “Financial Fragility
with SAM?.” Journal of Finance.

GUREN, A. M., A. KRISHNAMURTHY, AND T. J. MCQUADE (2021): “Mortgage design in an

equilibrium model of the housing market,” The Journal of Finance, 76(1), 113-168.
Haas, A. (2023): “Monetary Policy in a Tightening Cycle,” Working Paper.

Hanson, S. G., A. K. Kasnvyapr, axp J. C. STEIN (2011): “A macroprudential approach

to financial regulation,” Journal of Economic Perspectives, 25(1), 3-28.

HE, Z., axD A. KRISHNAMURTHY (2013): “Intermediary asset pricing,” American Economic

Review, 103(2), 732-770.

Jiang, E. X., G. MaTvos, T. PISKORSKI, AND A. SERU (2024): “Monetary tightening and
U.S. bank fragility in 2023: Mark-to-market losses and uninsured depositor runs?,” Journal

of Financial Economics, 159, 103899.

JIMENEZ, G., S. ONGENA, J.-L. PEYDRO, AND J. SAURINA (2014): “Hazardous times for
monetary policy: What do twenty-three million bank loans say about the effects of monetary

policy on credit risk-taking?,” Econometrica, 82(2), 463-505.

KoueN, R. S., O. VAN HEMERT, AND S. VAN NIEUWERBURGH (2009): “Mortgage timing,”

Journal of Financial Economics, 93(2), 292-324.

KRISHNAMURTHY, A., aND W. L1 (2022): “The Demand for Money, Near-Money, and Trea-
sury Bonds,” The Review of Financial Studies, 36(5), 2091-2130.

46



Liu, L. (2022): “The Demand for Long-Term Mortgage Contracts and the Role of Collateral,”
Available at SSRN 4321113.

MARTINEZ-MIERA, D.; anD R. REPULLO (2019): “Monetary policy, macroprudential policy,

and financial stability,” Annual Review of Economics, 11, 809-832.

MEISELMAN, B. S., S. NAGEL, AND A. PURNANANDAM (2023): “Judging banks’ risk by the

profits they report,” Discussion paper, National Bureau of Economic Research.

MIAN, A., AND A. SUFI (2015): House of debt: How they (and you) caused the Great Recession,

and how we can prevent it from happening again. University of Chicago Press.

NAGEL, S. (2016): “The Liquidity Premium of Near-Money Assets*,” The Quarterly Journal
of Economics, 131(4), 1927-1971.

Piskorski, T., anp A. SERU (2018): “Mortgage market design: Lessons from the Great

Recession,” Brookings Papers on Economic Activity, 2018(1), 429-513.

P1skorski, T., anp A. TcHiSTYI (2010): “Optimal mortgage design,” The Review of Finan-
cial Studies, 23(8), 3098-3140.

SANCHEZ SANCHEZ, G. (2023): “Mortgage Choice and the Credit Guarantee,” Working Paper.

SCHARFSTEIN, D.; AND A. SUNDERAM (2016): “Market power in mortgage lending and the

transmission of monetary policy,” Discussion paper.

SMETS, F. (2018): “Financial stability and monetary policy: How closely interlinked?,” 35th
issue (June 2014) of the International Journal of Central Banking.

STEIN, J. C. (2012): “Monetary policy as financial stability regulation,” The Quarterly Journal
of Economics, 127(1), 57-95.

VARRASO, P. (2023): “Banks and the Macroeconomic Transmission of Interest-Rate Risk,”

Working Paper.

WaNG, O. (2018): “Banks, low interest rates, and monetary policy transmission,” NYU Stern

School of Business.

47



WANG, Y., T. M. WHITED, Y. WU, anp K. X140 (2022): “Bank market power and monetary
policy transmission: Evidence from a structural estimation,” The Journal of Finance, 77(4),

2093-2141.

48



Internet Appendix for “A Macro-Finance Model of Mortgage Structure:
Financial Stability & Risk Sharing”

I Additional Figures and Tables

Figure TA.1: Non-Government Residential Mortgage Holdings by Sector (Portfolio & MBS)

T T T T T
Banks Funds/REITs Households/Firms  Insurance/Pension Funds RoW

B 2014Q2 [ 2021Q2 [ 2024Q2

Notes: This figure shows the composition of non-government residential mortgage holdings, including bank
portfolio loans (I) and agency- and GSE-backed securities holdings (II), excluding direct government holdings,
and holdings by the GSEs and the Federal Reserve. Data for (I) is based on the Urban Institute Housing
Chartbook (“Unsecuritized First Liens (Bank Portfolio)”). Data for (II) comes from Table L211 from the
US Financial Accounts (Flow of Funds) split into Banks, Funds/REITs, Households/Firms, Insurance/Pension
Funds, and the Rest of World (RoW) in 2014Q2, 2021Q2, and 2024Q2. A detailed breakdown of constituent
sector definitions for (II) is provided in Table IA.I. The data is retrieved from the Federal Reserve. Since (II) is
reported at quarterly frequency, we obtain (I) from the Urban Institute Housing Chartbook from August 2014,
and September 2021 and 2024, which reflect data as of 2014, 2021, and 2024 for the second quarter of the year,

respectively.


https://www.urban.org/research/publication/housing-finance-glance-monthly-chartbook-september-2024
https://www.urban.org/research/publication/housing-finance-glance-monthly-chartbook-september-2024
https://www.federalreserve.gov/releases/z1/release-dates.htm

Figure IA.2: Non-Government MBS Holdings (Detailed Sector Breakdown)

17. Rest of the world

16. State and local government employee defined benefit retirement funds
15. Property-casualty insurance companies -

14. Private pension funds -

13. Life insurance companies -

12. Federal government retirement funds

11. Nonfinancial corporate business -

10. Households and nonprofit organizations -
9. Mutual funds

8. Mortgage real estate investment trusts |
7. Money market funds -

6. U.S.-chartered depository institutions

5. Security brokers and dealers

4. Holding companies -

3. Foreign banking offices in the U.S.

2. Credit unions

1. Banks in U.S.-affiliated areas

Notes: This figure shows the composition of non-government agency- and GSE-backed securities holdings from
Table L211 from the US Financial Accounts (Flow of Funds), with a breakdown into underlying sectors that
form the groups of Banks, Funds/REITs, Households/Firms, Insurance/Pension Funds, and the Rest of World
(RoW) in Figure TA.1, in 2024Q2.



Table TA.I: Overview of Sector Definitions for Non-Government MBS Holdings

Sector Constituent Groups

U.S.-chartered depository institutions

Foreign banking offices in the U.S.

Banks in U.S.-affiliated areas
Banks

Credit unions

Security brokers and dealers

Holding companies

Mutual funds

Funds/REITSs Mortgage real estate investment trusts

Money market funds

Households and nonprofit organizations

Households/Fi ~ i
ouseholds/Firms Nonfinancial corporate business

Property-casualty insurance companies, including those
held by U.S. residual market reinsurers

Insurance/Pension Funds | Life insurance companies

Private pension funds

Federal government retirement funds

State and local government employee defined benefit re-
tirement funds

Rest of World (RoW) Rest of the world

Notes: Constituent groups from Table L211 of the US Financial Accounts (Flow of Funds).




Figure TA.3: Model Predictions & Evidence: Delinquencies

(a) IRF for Defaults (FRM vs. ARM) (b) Delinquencies since 2022 (US vs. UK)
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Notes: Panel (a) shows the impulse response function for default rates in response to an exogenous interest rate
shock as shown in section 5.1. Panel (b) shows delinquency measures in the US and UK, indexed to 2022 Q1.
Panel (c) shows these delinquency measures in levels. US delinquencies are measured on single-family residential
mortgages from FRED, reflecting loans past due 30 days or more and still accruing interest as well as those in
nonaccrual status. UK delinquencies are arrears balances as percent of total outstanding balances reported by

the FCA, reflecting loans where the amount of actual arrears is 1.5% or more of the borrower’s current loan
balance.



Figure TA.4: Model Predictions & Evidence: House Prices

(a) IRF for House Prices (FRM vs. ARM) (b) Real House Prices since 2022 (US vs. UK)
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Notes: Panel (a) shows the impulse response function for house prices in response to an exogenous interest rate
shock as shown in section 5.1. Panel (b) shows real house prices in the US and UK indexed to 2022 Q1, and
Panel (c¢) shows real house prices in the US, UK, Canada, Australia, and Euro Area indexed to 2022 Q1.



Figure IA.5: Model Predictions & Evidence: Bank Equity Prices

(a) IRF for Intermediary Net Wealth (FRM vs. (b) Bank Equities since 2022 (US vs. UK)
ARM)
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Notes: Panel (a) shows the impulse response function for intermediary net wealth in response to an exogenous
interest rate shock as shown in section 5.1. Panel (b) shows MSCI bank equity indices in the US and UK
indexed to January 1, 2022, and Panel (c) shows MSCI bank equity indices in the US, UK, Canada, Australia,
and Euro Area indexed to January 1, 2022.



Figure TA.6: Tllustration of Net Worth Volatility and Duration
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Notes: This figure plots the relationship between V [log W;] and duration § from Equation 1, for fixed values of
V [re], v, and V [x¢], for Cov [ry, 2¢] = 0, Cov [ry, 2¢] > 0, and Cov [r¢, z¢] < 0.



II Model Derivations

II.1 Borrowers

The complete borrower’s problem is given by:

V(wi,Zt) = max fSE; [max {maxu (csz, hl) + V(wiff,Zt),nlf (u (ct+1,h1) + V(th,Zt)) H

di,hi,simi ai>0
(IA.1)
where
1-6 o11—
UB(Civhi—l) _ [(Ct) 1( t— 1) ]
-7

such that
T+ R = hz 9t + @ L _ LTV IA.2
wy + Ry 1+ +Qt mt+pt + pisg + (p?h% ) ( )
M ximl 4 Oghi 4 al = st_l(Yt +e)+d_, (IA.3)
o' =sia(Yi+e)+di, (IA.4)
w?nd =a;— (1 —0)mi_,q" +pt hi_y +D;si_, (IA.5)
wp? = (1= Npisi, (1A.6)
al >0 (IA.7)

where R! is a rebate of the LTV adjustment cost ® proportional to wealth wi. With this

parametrization, the adjustment cost does not have income effects.

Notice that u(c, h) is homogeneous of degree 1 — 7 in ¢ and h and that all constraints are
linear in wealth w! in the sense that if a given allocation is feasible for a wealth of 1, then w}
times that allocation is feasible for a wealth of w!. By Proposition 1 of Diamond and Landvoigt

(2022) these two properties imply that the borrower’s value function can be decomposed into

(wt)

- ~ and a term v(Z) that only depends on state variables exogenous to the borrower.

For a given choice g;, define g; = Z}—t Then, the value function can be rewritten as:
t



(wi)l—'y i\1— ~i,nd (wzwszlﬂ
v(Z) = max AE, |max{ max(w;)'u” (77, hE) + 0(Zpyy ) — L
L= dihisimi a}>0 -~
i,nEndy1—y
, id i wyw
g (U (thh hy) + U(Zt+1)(tl+{;> }]

Divide both sides by (w!)!'~" and drop 7 subscripts on hatted trading stage choice variables
following the proposition cited above, getting the following recursion:
(wi,nd)lffy

v(Z)=(1-v) max PE, [max {ma%<u3(ct+1,h )+ v(Z1) f“l S
di,he,8¢,m0 ar=> -

i B (@Efl)l’”
N | u (Ct—f—lv he) + U(Zt—i-l)—l —

9

such that
1= di —I—qt mt+ptht—|—ptst—l—<1><q;nmi —LTV) — R
1+rf pih;
(IA.8)
e 4wl g+ gy 4+ al = 8 (Y + €) +dpy (IA.9)
&l =5 (Vi +e)+diy (IA.10)
W™ = af — (1= 8)m—1q)” + plhe—s + pides (IA.11)
Wit = (1 — N)pié_q (IA.12)
at >0 (TA.13)
(IA.14)

The remaining dependence on i is in consumption stage shock realizations and choices, which
enter the value function through the continuation values inside the expectations operator.
Therefore, if we can write the consumption stage problem as a function of state variables
exogenous to the borrower and i.i.d. idiosyncratic shocks, we will have confirmed the validity

of our aggregation.



No Default Branch Consumption Decision If the borrower chooses not to default, they

(@ f+1) B

choose ¢ and a! to maximize u?(¢énd P he) + 0(Z41) " subject to the budget constraint
(IA.9), wealth evolution (IA.11), and the non-negative mtraperlod savings constraint (IA.13).

The first order condition for a! is:
B ~i,nd o R AN i,nd
u; (E1 ht) = v(Z441) (wt+1> + R

where k" +1 is the Lagrange multiplier on the nonnegativity constraint (IA.13). We will use the
functions &', (yi, 1£) and wpd, (yf, 1%) to explicitly denote the dependence of the consumption

decision on the idiosyncratic realizations borrower’s income and the mortgage regime.

Default Decision Given the consumption decision above, a household decides to default iff

(th (yt7 1 ))
1 —~

~~ v
(i L histml el
v (di,hi, st mi el 1) v (d},hl,stmiel)

(@4 ()™

u (é?—gl(ytv 17)7 he) +v(2e41) T

J/

C < [P (@ + dio1, he) + v(Z1)

This expression implies that there exist a default threshold n* (e, 1*) at which the household is
indifferent between defaulting and not defaulting. Which side of the threshold leads to a default
vs. no-default decision depends on the sign of the value function, which depends on whether
or not v > 1. For the rest of these derivations, assume that v > 1, the more common case, in

which case value functions are negative, and so the default region is given by [0, n*(y;, 1%)].

Using the Law of Iterated Expectations, we can separate the conditional expectation E; in
the definition of the value function into an expectation over the realization of aggregate shocks
E7[], the expectation over the realizations of i.i.d. idiosyncratic shocks to income ¢! and reset
probability 1¢ denoted by E;[-], and the expectation over i.i.d. default utility shocks 7' denoted
by E,[-]. Let F, denote the c.d.f. of the n* distribution. Then the expectation in the value
function can be written as:

. . , A s wd, ) , o
E7 |:Ez {Fn(n*(e, 7))E, {77; (UB(St—l(Y;t +€) + di1, he) + U(Zt+1)%) e > 0" (e, ]1:)]

(L= By (6 19) (@ 1, e) + o(Za ><”?f1§?1§”1‘”)H
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Since idiosyncratic shocks are i.i.d., they affect the household problem only through the laws
of motion for wealth, admitting aggregation.

If € idiosyncratic shocks were continuous, the nested expectations above imply integration
over a non-rectangular region of (ef,n!), which can be challenging to calculate numerically.
Instead, we model shocks to ¢! as discrete. Shocks to the ARM stage 1% are already Bernoulli.

In this case, the expectation E;[-] above can be written as:

Z Zpe(ei = )P.(1) = 7)x

7€{0,1} e€€
E; [Fn(n*(@ T))En [77“772 > 77*(67 7)} (UB(gt—l(Yt + 6) + Czt—la Bt) + U(Zt+1>

(it 7>>)}

I—7

(1= B (e.r) (u (@ (7). o) + 0(Ze)

Note that conditional on default, the borrower’s value function does not depend on the specific

(wfsi+1)177

[ — can

realization of the utility penalty, meaning that u?(3,_,(Y; +¢) 4+ dy_1, by) + v(Zi11)
be brought outside the E, [-] expectation.

Distribution of 7 Shocks Let logn; ~ N ( 2” , Un) This implies that the average penalty
for default is purely pecuniary and governed by A, while the dispersion of n shocks given by o,

governs the sensitivity of default rates to economic conditions.

The log-normal distribution admits a simple expression for the partial expectation of the

default penalty:

(&) ( (10g77*(m)+0?7/2)2)
exp | — d

Fy(e,1) = Fy (0" (e, 7)) By [l < 0" (e, 7)] 53
U77

o <logn (E T) —02/2)

On

As well as for the survival probability:

11



Fler =1 B (o) — 1— <1Ogn*(€,;) +a%;/2) o <—logn*(z,nf) - 03/2)

Therefore, for a given € and 7, the continuation value of the borrower’s problem can be written

as:

Fn_ (67 T)Uf(di, hjh Si? mi7 6) + Fn<€> T)U?d(dia hzzta Si? mzita €, T)

where

d(Ji Kt ot %
Ut (dt7 ht7 8t7 mt7 6)

nd( i 1 o i
vpe(de, hi, st,mi, e, T)

n(e,T) =

ARM Reset Probability For a given individual mortgage, the probability of an ARM reset
is 7, conditional on it still being in the teaser stage. Since we are not tracking the distribution
of mortgages, we can only calculate the unconditional probability of being in the floating (rather
than teaser) stage: P,(1} = 0) = 7, [1 — &) + S}, where S; = P(7(m}) = 0) is the share of

currently outstanding mortgages that have already reset.

We can define this share recursively. Suppose that at the start of the current period, before
reset shocks have been realized, the share was S;_1. As a result of reset shocks, there are now
7, [1 — Si—1] 1 new floating rate mortgages. As a result of balance decay, the balances of
these mortgages are 1 — 9 of what they used to be. Newly issued mortgages are all in the teaser
stage so do not enter the numerator. Therefore, the share of already reset mortgages is:

(Si—1 + 7 [1 = Siq]) (1 — )y

~

my

St:

This aggregation also implies that the teaser vs. floating stage status of a mortgage is
randomly reshuffled between households during the trading stage, so that there is no persistence

to their mortgage status. This is necessary for aggregation.
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I1.1.1 First Order Conditions

Preliminaries For a generic choice variable g, write the continuation value of the borrower’s

problem as:

n*(9)
E, ( /O nan(n)) v (9) + [1 = Fy(n*(9)] vty (9)

s - F’U(g)

Differentiating with respect to ¢ yields and collecting terms:

vt (g)
dg

on*(g)
dg

0ial0) s

B, | ———~~

Fy(g) + fo(n*(9)) (=" (9)vl1(9) + vidi (9))

Plugging in the default condition v, (9) = 1*(g)vi 1 (g) leads the last term to become zero:

8Ug+1 (g> F— (g) +

E, | ——7

Which is the expression we will use to calculate the first order conditions below.

Define the LTV adjustment cost ® to be ®(z) = £22.

Denote by p,; the Lagrange multiplier on the time ¢ budget constraint (IA.8).

Deposits Given the realizations of idiosyncratic shocks (¢, 7), the marginal values of (inter-

period) deposits d, in the default and no-default states, respectively, are given by:

13



oV, B ~id &szl B(ad 7
e CRCEDRCN CRYIRE Sl CRIOND
avnd . R i —y auA}z nd . )
= u5<ctf1(€a 7), he) +0(Z441) (wwj) = ucB(Ct—iC-ll(67T)7 hy)
od; od

The FOC for (inter-period) deposits d: is then given by:

1 _Ittrd - ﬁEt (6 T)ucB<é;l+l<€)7 }Alt) + ﬁn<€7 T)uig(é?—ic-ll (67 T), i’/t)
t

Lucas Tree Shares Given the realizations of idiosyncratic shocks (€, 7), the marginal values

of Lucas tree shares §; in the default and no-default states, respectively, are given by:

vy AN s
AL — () R (Vi )+ o(Z) (00) (= Nt
St
aV"d AT > A T,T - S
(’“);:1 = uB(ctfl(e, 7), h) (Y + €) + v(Z141) (wt+1d) DPia

The FOC for shares 8! is then given by:

pupi = PE; {F{(@T) (UB(CH-I( ) ht)(Yt +€) + v(Ze41) (@fl) - (1- )‘)p?—i-l)

# Fyer) (w8 Gt b0 40+ oz (a) ot )]

Houses Given the realizations of idiosyncratic shocks (¢, 7), the marginal values of houses hy

in the default and no-default states, respectively, are given by:
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Vit

~

= uy (¢f1(), )

Ohy

avﬁrdl _ Byand i) — uB(end s z ~ind\ | h

oh =y, (11 (6), he) —u. (efti(6,7), he)dm + v(Zep) (05 Pry1
t

The FOC for houses h is then given by:

mmz . R
/’Ltp? = (I)hq(tﬁi); + BE; [F{(eaT)ui?(cngl(Q?ht)
t

[ n 7 n 7 IR -
) (@0 h) = @it e b + o2 (ai) ok )|

Mortgages Given the realizations of idiosyncratic shocks (e, 7), the marginal values of houses

my in the default and no-default states, respectively, are given by:

ova

—

6mt

avnd AT 7 i nind) ! m
07;: = ucB(Ctﬁl(@ 7), he)xy + v(Zi41) (wtl‘,—f) (1— 5)Qt+1

The FOC for shares §! is then given by:

mii
Py

;" ” AT 7 i nind) m
i (1= 02 ) = 5, [ Fyfe) (W (et e ot + o2 (a121) 1= 0 )|

11.1.2 Market-Clearing Conditions and Aggregation

To calculate intermediary wealth and market clearing, we must integrate over the distribution
of borrower shocks. First, note that identical choices by borrowers in per-wealth units mean
that for any quantity g/ that is a function of borrower choices, we can express it is a product

of the common per-wealth choice §; and aggregate borrower wealth w?:
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¢ ¢
/ g;di = Qt/ wydi = Qtwf
0 0

Aggregate share of defaulting mortgages F}’ is given by:

F' = / 1di = Z ZP €, = )P (1) = 1) F,(n*(e, 7))

7€{0,1} e€€

Aggregate per-unit mortgage payment x; is given by:
= Bilatln’ < 0™ (e, 17)]

For other quantities,
e Mortgages: f; mldi = f[f midi implies M} = m, W5
e Borrower Tree Shares: o = 8 W}
e Houses: H = ﬁtWtB
Finally, the law of motion for aggregate borrower wealth is:

¢
B _ i
Wit = / Wy di
0

= WPE | Fy((ef, 1)) (e) + Fy((eh, 1) (e, 1)

II.2 Banks
I1.2.1 Problem

Banks are not subject to idiosyncratic shocks and are ex-ante identical. As a result, we can solve
the problem for the representative aggregate bank. Denote aggregate quantities with capital

letters. The bank’s complete problem is given by:
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VIW/, 2)= max Div, +E, [M] VI (W], Z1)] (IA.15)

Div{,DI,M]
subject to

I

W/ = - + q" M} + Div} (IA.16)
Wl =(1- y)xt+1Mtf + D} (IA.17)
Dy < & (k@™ + (1 — k)g™) M} (TA.18)

where &} is the aggregate mortgage payment per unit of mortgage debt given borrowers’ choices:

. o hi
Xy = F) (e + (1 - 0)gi") + B; | Fy(e 1)~

Trr(1=0 =)

Since default decisions do not depend on wealth levels and since housing choices hi = Btwi

are proportional to borrower wealth for all borrowers,
E; [F (Etv )h; 1] = £, [Fn(etv )] E; [h; 1} = FthtB—l = Faoy,
. As a result, the mortgage payoff can be written:
= B+ (L= 8)a7) + (1= € = 8)

I1.2.2 First Order Conditions

Mortgages The FOC for mortgages M/ is given by:

q;n = Nth (’fqm + (1 - ff)q{”) + Ey [Mf+1Xt+1]

where pF is the Lagrange multiplier on the leverage constraint (IA.18).
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Deposits The FOC for deposits D/ is given by:

1
1+ 7’? - :utL + By [Mf—i-l]

Note that absent occasionally binding borrowing constraints V,/ = W/. But in their presence,

this doesn’t hold.

I1.3 Savers

Likewise, we write and solve the representative saver’s problem using aggregate quantities. For
symmetry, we define saver wealth inclusive of their Lucas Tree shares and housing, even though

neither is tradeable by them.

VWY, 2) = max u(CP, HY) + BEVS (WS, Zi41)]

C?.Ey
subject to
Wts = pfsts + p?HtS + Ep; + Cf (TA.19)
Wiy =S (pi +Ya) + HY (ptiy — 0n) + Ev(py, + Diviyy) + RY (1A.20)

where Ryy1 are (1) borrower costs of default, parametrized by A, (2) banks’ foreclosure costs,

parametrized by ¢, and (3) banks’ intermediation costs, parametrized by v, rebated lump-sum:

RY = F) (Apja + Cplran) + v XM/

The first order condition for bank equity F; is

e Ctb:rl - : e
py =E¢|p 'S (Diviyr + priq)
t
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s N\
which implies the saver’s stochastic discount factor My, = 3 (%21) .
t
Normalize the supply of bank shares F; to 1. Then, iterating on both the bank’s value

function and the saver’s FOC for bank equity, we get that V! = Div, + pf.

II.4 Resource Constraint

In this section, we verify that aggregate consumption and housing investment are financed by

the aggregate output of Lucas trees and by changes in the net deposit position of the economy.

Define aggregate borrower consumption in terms of conditional expectations of individual

consumption:

CtB:WtBilEi [Fn(n ‘)Aznd+ﬁ(77 )td}
")+

_WB (FUE [Azd FnE |:Aznd|77 >77 ])

From the consumption stage budget constraints:

[”%7<n]= LB Y+ élnt <]+ dis

E |:Az nd’n > 77 ] E [y; + €t’77 > 77 ] + dAt,l — mt,lxt — 5hilt—1 - Ei [&ﬂﬁi > n*,i]

From the no-default branch wealth evolution equation, we get that intra-period savings a! =

~i,nd

wy" — pf}izt_l —piSi1 + (1 — §)g/"my_1. Furthermore, observe that
F'E; [Y, +€lln’ > n™'] + F'E; [Yi + €lln’ <n™'] =Y, + Ej[)] = Y,

Define aggregate borrower deposits D = WthZt. Use market-clearing in Lucas trees and
housing to write W3 = a and WP hy = . Use market-clearing in mortgages to write

Whin, = M}. Assembling,

CB :CYY;j‘i‘Dﬁl

+ 7 [anon = ) + api = ML (@ + (1= 0)q") = WELE, [0 > 0|
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Recall that WP = WB,E; [1{]. We can break up the expectation as follows:
By ()] = FVE [0} n > ] + FPE [l < 0™

Solving for the aggregate wealth of non-defaulters F/'W}2,E; [ bl > < g ]

FIWE B [y > | = WP — W FE [l < ]

Use the default-branch wealth evolution equation and market clearing in Lucas trees to substi-

tute

B ~d,d
WE E; [wt

<] = (1= Mpia

Multiply the trading stage budget constraint by W,” and plug in market-clearing conditions to

get
B DB I
Wi :1+Tt_th +ptah+pt
Combining,
. B
F'WE E; [” In > n"' 1+ S 4 g M + plon, + pja — F]'(1 = Npia

Plugging back into the expression for OB,

B
CP =aY, + Dgl - rtrd + QTMtI —P?ah —pia+ F'(1 - N)pia
t
+ FY [an(pn — 0n) + ap; — M (z+ (1= 6)g)")]
_ B D? masl _ m ApS
=aY;+ Dy 1_+ i +q"M; — F(phan + Apja)
t

- Ftn [5h04h + MtIfl (ze + (1 - 5)‘1?1)}

This expression admits an economic interpretation. Borrowers earn income from their Lucas

trees aY; and deposits DZ |. Those repaying their mortgages — a fraction Ft” — expend resources
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on housing maintenance d,qy, and mortgage payments M/ | (E; [zi|n > n*!] + (1 — §)¢™). Those
who default — a fraction 1:77 — lose the value of their houses p,ay and a fraction A of the value

of their Lucas trees pja. In the trading stage, they take out new mortgages ¢/ M/ and make

DP
1+7‘f :

new deposits

Next, consider saver consumption. From the budget constraint and wealth evolution equation

of savers,
CP = SZ(p; + o) + Hy (0} — 6n) + Eva (pf + Divy) + Ry — piS7 — pi HY — Eupf
Plug in market clearing conditions F; =1, S¥ =1 —a, H? =1 — ay, to get
CS = (1 —a)Y,— (1 —a,)d, +Divl + R?

From the budget constraint for banks,

I

D
Div! = (1 —v)A,M] |+ D! | - T +de —q"M]
t

Plugging for Divf and R; and collecting terms,

DI
0 = (L= )Y = (L= an)dy + MLy + Diy = =y = g M+ F (pjact (i)

Ty
Next, subtitute the definition of A;:

DtI —quI—I—Fn)\pSO!
1+T’§l t t t t

— (1= an)dp + F (2 + (1= 8)g" )M/ + F'pro (1 — 63)

Cig =(1 —a)Y}+DtI_1 -

Define aggregate deposits as D; = DZ + DI. Then, adding CZ and C{ and collecting terms,

we get the resource constraint:

D
cE4c? ) = Y, + D4 — —*
t+ t + t + t—1 1+7/';i

Aggregate Consumption Housing Investment Output —_———
ANet Foreign Assets
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I1.5 Risk Sharing Measures
11.5.1 Complete Markets Benchmark

An unconstrained social planner chooses allocations for each agent that are proportional to the

weight that the planner puts on the utility of that agent.

Define the social welfare problem:

i\1—0(7,\0\ 1~
) 0<ht)0) !

/1 )\iiﬁt(( di
e — Lt

- Inax E[)
{{(0%7}]‘%71)}%:0}?10

such that the resource constraints for each good, in each period and each state of the world are

1
/ =Y, Vts
0

1
0

satisfied:

where every variable z; is implicitly a function of the random variable s, denoting the history

of the economy up to time ¢.

Assign p; and v as Lagrange multipliers to each of the constraints at time ¢, history s,
respectively. Use 7(s') to denote the density of the unconditional history distribution at a

given s'. The first order condition for consumption for agent i at time ¢ are:
M (st) ()0 (hisy)®) 7 (1= 0)(e)) ™ (hiy)” = pu
The first order condition for housing for agent i at time ¢t — 1 are:
N (st) ()0 (hisy)?) " 0(e) " (hisy)"™" = v

Dividing them by each other, we get the optimal MRS between consumption and housing for
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a given state of the world, which is the same for all households

¢t 1-0
R, 0

Vi1

Substitute for housing in the consumption FOC:

i 0 w

= ——C
-1
¢ 1—91/15_1 t

-
i 0 u ’ _ _
Aiﬁtw(st) ((Ct) [mﬁ} ) (1—0)'-9¢° = pl 00

Vi 4

Dividing the consumption FOCs for agents ¢ and j at time ¢ by each other, we get:

\: i\ Y
ad (3> —1
A \a

which means that the ratio of consumptions is constant over time and states of the world at

c_ﬁ B (ﬁ)—l/v
c Aj

Rewrite as:

Integrate both sides with respect to ¢ to get aggregate time ¢ consumption:

1 R S |
CtE/ c;di:)\}cg/ A T di
0 0

Which implies that a given household’s consumption CZ is a constant fraction of aggregate
consumption Cy:
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The same argument applies to housing, i.e. it can be shown that the planner’s optimal allocation

of housing to agent j

1S constant over time.

Since complete markets implement the planner allocation, this means that in a frictionless
economy the volatility of the ratio of consumptions is zero. This likewise implies that each

agent’s consumption grows at the same rate. Formally, take the log:
i j 1
logc; —logc] = Y (log A; —log \;)

Let Alogc! is defined as log ¢t —log ¢! ;. Then the log of the ratio of consumption growth rates

is:

Alog ¢, — Alog e} = (log ¢ —log¢;_;) — (log ¢} —logc]_y)

= (log ¢} —log ) — (log ¢j_; —logc]_;)
Then in complete markets, it must be true that
Ri;j = Varg [A log ¢ — Alog cg} =0

We refer to R;; as a measure of “internal” risk sharing. In an incomplete markets economy,
Ri; > 0 and R;; serves as a measure of risk sharing between households, with lower values

denoting better risk sharing.

11.5.2 Complete Markets Open Economy

The open economy version of the complete markets model is similar to the closed economy

version, except that the planner can now trade a risk-free bond with the rest of the world. The
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planner’s problem is:

1

1 00 iNl—0/pi O\l 7Y _
Cmax B [ / WSl e
=0 =1

(RN AT 1—~

such that

1
) by
4+ —— =Y, +b_q, Vts'
/ot 1+ rd t t—1

t

1
/ W= Vs
0

The derivations above still hold. But now there is an additional choice variable of the planner.
Bonds b;(s") show up in the resource constraint for ¢, s* and in the resource constraints for all
t,s'! that are reachable from s'. Denote this set of possible states as s;;1|s’ and the . Then

the additional first order condition for the bond is:

i t / t+1
s ) = (s i
1 Tgl ( ) st ( ) t+1

Rearranging,

1=(1 +rf)/ 7T(3t+1‘8t),ut+1 — (1 +7“f)Et |:,ut+1:|
stt1]st e L

where 7(s;;1|s") denotes the conditional density of s;, 1 given s’, and where the second equality

stems from the definition of a conditional expectation with E; [-] denoting E [-|s'].

Plug in the FOC for consumption for the multipliers:

i —~(1—-60)—0 i 6(1—
(ﬁ) v(1-0) ( ht ) (1=7)
o hi_q

Recall that for any agent, the optimal housing allocation is constant and the growth rate of

1= (1+rHE,

consumption is equal to the aggregate consumption growth rate. Then the above equation
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simplifies to:

1=(1+rHE,

Cpup\ 1000
( Cy )

The problem admits aggregation, i.e. the planner’s optimal choice of bonds is independent of

the resource allocation problem.

Take logs

0 = log(1 + r{) + log E;

and define

Ragy = Varg [log(1 + rf) + log E;

(Cgl)vﬂe)e” -
t

as the “external” risk sharing measure. In complete markets, R,4, = 0, while in incomplete
markets larger values of R,y indicate worse risk sharing between households in the economy

and the rest of the world.

11.5.3 Internal Risk Sharing in our Model

In our model, there are two kinds of households: borrowers with consumption denoted by ¢! and
savers, with consumption denoted by ¢ and identical across all savers. Let CF = foé ¢t denote

aggregate borrower consumption and C’tS = (1 — ¢)c; denote aggregate saver consumption.

Borrowers are unconditionally identical, meaning internal risk sharing is summarized fully by
two risk-sharing measures R;gz and Rpg, where R; is the variance of the ratio of consumption
growth rates between borrower ¢ and the aggregate borrower, and Rpg is the variance of the

ratio of aggregate consumption growth rates between borrowers and savers.

Recall, we can write borrower i’s consumption at time ¢, ¢!, as the product of borrower
consumption per unit of wealth ¢i and borrower wealth at time ¢ — 1, w{_,. Consumption per
unit of wealth only depends on the identity of the borrower ¢ through the realizations of iid

shocks to 8} = (ei, 7/, n}).
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Write the log growth rate of borrower ¢’s consumption as:
Alogct =logé,(S}) — log é_1(S_,) + log,_1(S!_ ;)

where 1;_1(S;_;) represents the growth rate in wealth Alogw; ;, which also depends on the

identity of the borrower ¢ only through the realiations of iid shocks.

The definition of R;p is Varg[Alogci — Alog CB]. Using the law of total variance,
R = Varg [E; [Alog ¢, — Alog CF]] + Eo [Var, [Alog ¢; — Alog CF]]

where the conditional moments Var, and FE; are taken cross-sectionally with respect to realiza-

tions of idiosyncratic shocks. Simplifying,
Rip = Varg [E, [Alogc;] — Alog C] + Eg [Var, [Alog ¢f] ]

Finally, Rps is defined as Varg[Alog CE — Alog C7].

IIT Calibration Details

III.1 Mortgage Payments and Duration

Recall, a fixed rate mortgage issued at time 0 pays ¢f+ g™ in the first period, (1 —9)(¢f+0q™)

in the second period, and so on.

Define a mortgage yield to maturity ytm as the discount rate which discounts mortgage cash
flows to the mortgage price.
It is easy to see that
o0

q"(ytm) = Y (1-3)

t=1

i1 Lp+Oq™ _Lf+5(jm
(I14+ytm)t  ytm+9

and that therefore the mortgage is priced to par when ytm = ty. We calibrate the model by

setting ¢y to the steady state equilibrium ytm, thus ensuring that ¢™ = 1.
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Define duration of the fixed rate mortgage as the negative semi-elasticity of the mortgage

price with respect to the yield to maturity. We have:

g™ /g™ _ 1
Ly + )

dytm

tf

An adjustable rate mortgage makes fixed rate payments ¢, + 6¢™, (1 — 0)(¢, + 6G™), etc.
until (stochastic) reset time 7 and pays adjustable payments (1 — )" (rf 4 ¢, + 6q™), (1 —
5" (rfﬂ + 1g + 5(7”), etc. after.

In the baseline calibration, we set ¢; = ¢y and ¢, = ¢y — 7. Then the per-remaining-balance

portion of the ARM payment can be written as ¢ + (1] — 7).

Let ]Lfff?fit be a random indicator variable equal to 1 if the mortgage is still in the fixed /teaser

stage at time t. So the expected ARM cash flow at time ¢ is then given by:
Bo (1= 0" |10y + 0g™) + (1= 184) (o + o] =7+ 63" ||
Collecting terms,

(1—0)t ((Lf +0q™) + Eo [(1 - ﬂ?xedt) <th - 77)})

Let 124 be an indicator equal to 1 if a mortgage that resets from fixed to floating at time s.

Then

t

s=1

The realization of morgage resets 12¥ are independent of each other, and also independent
from the realizaton of future indexation rates r{ . Every period, the probability that a mortgage
still in the teaser stage resets to the adjustable stage, i.e. Eo[124] is m,. So the expected ARM

cash flow at time ¢ can be written as:

(=0 (o4 67+ (1= (1= ) (Bolrf 1 = 7))
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Define yield to maturity ytm for an adjustable rate mortgage as the (risk-neutral) discount

rate that discounts expected ARM cash flows to the mortgage price. We have:

[e o]

q" (ytm) = ;(1 o) if—:ryi?n 2 ~(1=m) <E10—[:ty]tm;

_[/f‘i‘(sq nl_ = 1 _ 1—7'('7-
T ytmio <E°[”] T) (ytm+(5 1+ ytm — (1—0)(1— )

The first term is the price of the FRM. The second term is equal to zero because Eg [7{ =7
in equilibrium. In steady state, risk neutral and physical measures coincide because there are

~m

no risk premia, so ytm = vy prices the mortgage to par (¢" = 1) just as before.

To define the duration of the adjustable mortgage, write the price of the mortgage as a

function of ytm and future rate r:

m(tmr)——bf—“s +(r—7) L i
¢, Coytm 4+ ytm+96  ytm — (1 —0)(1 — m,)

Then, consider the change in mortgage price due to a parallel shift in all interest rates, i.e. when

or
dytm

_9g™ (ytm,r(ytm))/q"™ (ytm,r(ytm))
dytm

= 1. Formally, duration is given by evaluated at ytm = ¢

and r such that ¢™(¢f,7) = 0, which means r = 7. Taking derivatives,

O™ (ytm, (ytm)) 1 ) ( 1 1 -7 )

dytm - ytm+5+(r_r)6ytm ytm +6 1+ytm—(1-=96)(1—m)

. or 1 B 1—m,
dytm \ytm+4d6 1+ytm—(1-9)(1—m=,)

Imposing r = 7 leads the second term to drop out. Imposing ytm =

or __ .
Bytm = 1, we get:

g™ (ytm, r(ytm)) 1
dytm g™ (ytm, r(ytm))

1—m,

T4y -(1-0)(—m)

ytm=cy,r=r

which is the steady-state contractual duration of the ARM with a reset probability of .

Note that at 7, = 0, the expression simplifies to 1/(¢; + 0), which is the FRM duration. At
m, = 1, i.e. a reset occuring with probability at the time of the first cash flow (one year after

issuance), the duration is 0.
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IV Two-Period Model

In this section, we illustrate the main differences in the allocation of risk between fixed-rate
mortgage (FRM) and adjustable-rate mortgage (ARM) regimes using a two-period model with
time indexed by ¢t = 0, 1.

IV.1 Borrowers

A continuum of borrowers indexed by i is endowed with equal initial wealth wg, and have

preferences over ¢t = 1 consumption, residual ¢ = 1 wealth, and housing.

Borrowers allocate their initial wealth to deposits d;, mortgages m;, houses h;, and Lucas

trees s; to maximize E[u(cy;, w,h;)], the expectation of their ¢ = 1 utility kernel given by:

U(c,w,h) = (1 —B)logc+ Slogw + BOlogh (TA.21)

subject to the ¢ = 0 budget constraint:

Wy = pghi + pysi + qd; — qy'm;

Because ex-ante borrowers are identical in terms of their wealth and distributions of t = 1
shocks, they will make identical portfolio decisions, and so we will drop ¢ subscripts on h, s, d,

and m.

t = 1 consists of two subperiods. In the first subperiod (“morning”), borrowers are exposed
to an idiosyncratic income shock €; € {er, ey} to the yield of their Lucas tree y;, such that
v =1+ €.

Borrowers use their liquid assets — income and deposits — to make mortgage payments and
consume. Any excess liquid assets can be carried over into the second subperiod (“afternoon”)

and constitute remaining borrower wealth along with the value of their housing, trees, and
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mortgages.

Crucially, borrowers cannot trade these illiquid assets until the afternoon, meaning they
cannot obtain additional liquidity in the morning to finance their mortgage payments and
consumption. Their only way to increase liquid assets at ¢ = 1 is to default on the mortgage
payment. To characterize the borrowers’ default decision, consider the two branches of their

decision tree.

If borrowers do not default, they solve a simple consumption-savings problem:

max(1 — §)log(¢; — a;) + Slog(w; + a;)

Qg 20

where

Ui =1yis+d—am

is their stock of liquid assets after making the mortgage payment xm;, and

w=pis+pih =g (1 = o)m

is their illiquid wealth, consisting of Lucas trees, houses, and remaining fraction 1 — 9 of their

mortgage balance, all at ¢ = 1 prices.

The borrowers per-unit mortgage payment x is given by ¢+ o, where ¢ represents the interest
payment and 0 represents the principal payment. In an FRM regime, ¢ is fixed, while in an
ARM regime, « = r + ¢, is a fixed spread over the prevailing short rate r. Therefore, shocks to

r constitute the second, aggregate, source of risk in the economy.

The optimal unconstrained choice of intraperiod savings equates the marginal utility of con-
sumption (1 — f3)/¢; with the marginal utility of wealth §/w;, yielding the following expression

for intraperiod savings:
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a; = max {0, 8; — (1— Blw}

is increasing in liquid assets and decreasing in illiquid wealth, such that when liquid assets are
low — either because of a bad income realization or because ARM mortgage payments increase
due to a rate hike — the borrower is constrained. She would like to borrow from her illiquid
wealth to finance additional consumption at the expense of future wealth, but she cannot do so
directly. The only way to accomplish this is to default, gaining liquid assets zm at the expense
of losing housing wealth p? and a fraction of non-housing wealth A\pSs, as well as extinguishing
the remaining principal (1 —0)g¢™m. A positive value of A represents pecuniary costs of default
in addition to foreclosure, e.g. partial recourse, costs of being locked out of the financial market

for some amount of time, etc.

Additionally, defaulting comes with a non-pecuniary stochastic default penalty n; ~ F},, such

that a household defaults iff

u(cM w ) < u(cwd, h) 4+ n;

(Rt A

where the no-default consumption and wealth are given by

nd

_ *
¢ =yis+d—am—a;

wi® = ai +pis + pih —¢"(1 = §)m

and the default consumption and wealth are given by

& =yis+d

wi = (1 - A)pis

Borrowers optimally default if the realization of 7, is above a threshold value 7}, which

depends on both idiosyncratic and aggregate shocks and is given by
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nd nd

* G w;
n; = (1= 3)log — + flog —

implying a survival probability F; = F(n}).

For a borrower with a large stock of liquid assets s and d, the ratio of no-default to default
consumption is close to 1, and so her default decision will be largely strategic, i.e. based on the
change in wealth due to default. When A is low, such a borrower will “send in the keys” to a

property underwater.

But when the stock of liquid assets is smaller, the driver of default will be the liquidity
borrowers can unlock in high marginal utility states by foregoing the mortgage payment xm,
even if this default leads to lower future wealth. Empirical evidence, e.g., Ganong and Noel
(2022), suggests that this is the primary reason borrowers default. In our model, a rise in ARM
mortgage payments due to interest rate hikes together with interaction effects with drivers of

strategic default can lead to significant amplification.

We are now ready to characterize the borrowers’ ¢ = 0 problem. Denoting the Lagrange
multiplier on (shadow value of relaxing) the budget constraint by p, we can write the Euler

equation for deposits as:

1-p 1-p
qgu=E|(1 - F) nd + F d

G G

The marginal cost of deposits is given by qu, while the marginal benefit is given by the
expected marginal utility of consumption, with the expectation taken over aggregate interest
rate shocks, idiosyncratic income shocks, and idiosyncratic default penalty shocks, which enter

the problem exclusively through the default probabilities F; that they imply.

The Euler equation for houses equates the marginal cost of housing plii against the marginal
benefit, which consists of the user cost $6/h and the marginal contribution of housing to wealth,

which borrowers receive only if they do not default:
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30 Pt
[t 1 - )2
h +5( Z)w”d

i

pop =B

By obtaining a mortgage, borrowers relax their budget constraint by ¢j* (worth ¢{*x to them)
at t = 0. The marginal cost at ¢ = 1 consists of the two terms. First, mortgage payments
enter the marginal utility of consumption. Second, the remaining mortgage balance enters the

marginal utility of wealth. Both terms apply only if the borrower does not default:

= E [(1 - F) (1;75“ a1 m)]

(2 (2

Finally, Lucas trees have a utility cost of pju and yield marginal benefits of all four types —

consumption and wealth in both no-default and default branches:

1— 1—
popt = E [(1 - F) ( cndﬁyi + wﬁndpi) + F; (%yz + %(1 - )‘)pi)]

K3 K3

To close the borrower side of the model, we assume that houses and Lucas trees are in fixed

unit supply H = [hdi=S = [ sdi = 1.

IV.2 Lenders

Lenders are perfectly competitive and risk-neutral financial intermediaries (an assumption we
will relax in the fully dynamic model). They raise funds in the form of deposits D! at price
g from borrower households as well as in wholesale markets. They use these funds to make

mortgage loans M at price ¢™ to households.

Each performing mortgage yields a ¢ = 1 cash flow of x to the lender, as well as having a
remaining ex-payment value of (1 — d)g¢*. When borrowers default, lenders foreclose on the
house, yielding a per-house value pf(1 — ¢) net of foreclosure costs ¢ > 0. The remaining

mortgage balance is extinguished.
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Let F; = [ Fidi denote the aggregate default rate (taking an expectation over idiosyncratic

income realizations of borrowers). Then the total ¢ = 1 of the lenders mortgage portfolio is:

AM" =1 -v)[(1 = Fp)(z+ (1= 0)g")M" + Fyp{ H(1 — ()]

where v > 0 denotes the lenders’ operating costs as a fraction of the mortgage portfolio. The

lender’s t = 0 problem is to maximize their profit:

max E[(1 — v)XM' — D'
DT MT

subject to the budget constraint ¢D! = g M?.

Competition between lenders yields a zero-profit condition:

IV.3 Equilibrium

To close the model, we assume that outside investors supply short-term funding elastically at
exogenous price ¢. We also assume exogenous ¢ = 1 asset prices p?, pj and ¢™. This allows us
to directly vary the sensitivity of these prices to interest rate shocks r and thus to decompose
the effects of these rate shocks onto default rates and lender profits into cash flow effects on

mortgage payments x and valuation effects through asset prices.

Given these prices and initial endowment wy, the competitive equilibrium is defined as a set

of time 0 portfolio choices s, h,d, m, DT, M, time 0 prices ¢, pf, p5, time 1 consumption and

intraperiod savings decisions {c?, a;, c{}, and time 1 default decisions 1; for each realization of
idiosyncratic and aggregate shocks such that households solve their optimization problems as
characterized by the optimality conditions above, lenders satisfy the zero-profit condition and

budget constraint, and markets clear: h =1, s =1, m = M.

To discipline our characterization, we proceed in two steps. First, we solve a “steady state”
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of the model, in which we assume constant interest rates, i.e. ¥ = % — 1, and constant prices

v = ¢, pl = pl, p§ = p;. Second, we solve four different models with interest rate shocks.

1. FRM (Constant Prices): Mortgage payment z is fixed at 7 + ¢ 4+ 0, with ¢ normalized

such that time 0 mortgage price ¢j' = 1. Since FRMs are a long duration asset, time 1

mortgage prices are inversely proportional to interest rates: ¢ = fiiig, with § governing

the duration and hence sensitivitity of mortgage prices to rate shocks. Unlike mortgage
prices, house prices pf and Lucas tree price p; remain fixed at pf! and p§, respectively,
i.e., in this economy we assume no pass-through of rate shocks to real asset prices. With
payments and real asset prices remaining fixed, the only effect of interest rate shocks in

this economy is on the market value of mortgages.

2. FRM: The mortgage market is the same as in (1). However, we now allow house and Lucas
tree prices to vary with interest rates. Both assets can be thought of as perpetuities, and
hence a risk-neutral expectation of their cash flows can be written as p)7 for j € {h, s}.
After a change in interest rates, the new present value of these cash flows is pg)rl_j, where
rl = (1 — ¢;)F + ¢;r is the discount rate appropriate for asset j. Here, the parameter
¢; governs the degree of interest rate pass-through to asset j. ¢; = 0 corresponds to the
economy described in (1), while ¢; > 0 implies that asset prices fall when interest rates
rise. Because asset prices may affect default rates and lender profits, we renormalize the

mortgage rate spread ¢ to ensure that ¢ remains at 1.

3. ARM (Constant Prices): Mortgage payment z is now a spread over the short rate, x =
r+ ¢+ 0. Asin (1), we assume no pass-through of rate shocks to real asset prices.
Moreover, because mortgage coupons adjust with rates, the mortgage duration is now 0,
so q7" = q" for all realizations of r. The only effect of interest rate shocks in this economy

is on the mortgage payment. Like in (2), we renormalize ¢ to ensure ¢f* = 1.

4. ARM: The mortgage market is the same as in (3) and real asset prices respond as in (2).

As in the other economies, ¢ is renormalized to ensure ¢j* = 1.
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IV.4 Numerical Example Parametrization

The effect of interest rates on mortgage markets and financial stability depends on the mortgage
regime and the degree to which rate shocks are passed through to the prices of real assets.
To illustrate this, we consider a numerical example. For most parameters, we choose values
consistent with the calibration of the dynamic model in the subsequent section. For other
parameters for which the two-period model provides clearer guidance, we provide a rough

calibration as follows:

Interest Rates The time 0 interest rate is ¥ = 0.01, implying a bond price ¢ of approximately
0.99. Time 1 interest rates are normally distributed with a mean of 7 and a standard deviation

of 0.01.

Households Household discount factor g is 0.985. Setting it to a value below ¢ implies
that absent liquidity constraints, household would not hold deposits. Borrowers value housing
services at 10% of their non-housing consumption. A negative income shock leads to a 3/4
drop in income and occurs with probability of 5%. This unlikely but sharp decline in income
represents the liquidity consequences of losing a job or, e.g., incurring a large medical expense.
In a two-period model with CRRA preferences, initial wealth wy is a key determinant of portfolio
choices. We set wy to produce a mortgage loan-to-value ratio of 80% in the FRM (Fixed Prices)

economy, keeping it constant across our experiments so that results can be comparable.

Default The pecuniary penalty of default A is 0.1, meaning that households’ future income
declines by 10% as a result of default. Utility costs of default are normally distributed with
mean 0 and standard deviation of 0.2125. Together, these parameters imply default rates of

1.6%-2.2% in line with recent empirical estimates.

Lenders Lenders’ operating costs v are set to 0.06, and foreclosure costs ( are 0.5. These
parameters directly effect mortgage rates and losses given default. The mortgage duration ¢ is
set to 0.07. At mortgage rates implied by v, this value of § yields a FRM mortgage duration

of approximately 7 years, consistent with the effective duration of mortgages in the US.

37



IV.5 Two-Period Model Results

Figures TA.7 and TA.8 highlight the key intuition from the model, by showing how selected
outcome variables in ¢ = 1 respond to interest rate shocks. Figure TA.7 plots the responses for
the two FRM economies (1) with constant asset prices and (2) with asset prices responding to

rate shocks, while Figure IA.8 shows the results for the two ARM economies (3) and (4).

Figure TA.7: One-Period Outcomes in Response to Interest Rate Shock: FRM

Payment Default Rate
0.18} —FRM (Constant Prices)
| 0.06 f|—FRM
0.16¢ 0.04F
0.14r 0.021
-0.005 0 0.005 0.01 0.015 0.02 0.025 -0.005 0 0.005 0.01 0.015 0.02 0.025
LGD Lender ROA
0.5} | 0.2} |
/ 0.15-
0.4 |
i 0.1
03t § 0.05f
| or |
-0.005 0 0.005 0.01 0.015 0.02 0.025 -0.005 0 0.005 0.01 0.015 0.02 0.025

Notes: This figure shows the ¢ = 1 responses to a range of interest rate realizations, for mortgage payments
(“Payment”), losses given default (“LGD”), mortgage default rates (“Default Rate”), and lender return on

assets (“Lender ROA”). The vertical dashed line represents the mean interest rate 7.

First, consider the FRM economies in Figure [A.7. Intuitively, payments do not respond
to rate shocks as a key feature of fixed-rate mortgage contracts, and so borrowers’ liquidity
is unaffected. Default rates respond to interest rate shocks only to the extent the borrower’s
strategic incentives are altered. A drop in the mortgage price due to higher rates makes default
less attractive — prevailing mortgage rates are higher, making the borrower’s existing mortgage
with a lower fixed-rate more valuable, which the borrower would have to give up in case of
default. In the FRM economy with constant house and Lucas tree prices, this leads to lower
default rates as interest rates rise. Loss given default (LGD) remains unchanged, leading to
lower credit losses for lenders. Fixed-rate mortgages are a long-duration asset, and so the value
of surviving mortgages decreases with interest rates. The increase in discount rates offsets

the increase in cash flows coming from slightly lower defaults, leading to a lower return on
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the lender’s mortgage portfolio when rates increase. The reverse is true based on the same

mechanisms in the case of a rate cut.

In the FRM economy where asset prices are flexible, house and Lucas tree prices fall when
rates rise. Thus there are two forces affecting default incentives. A rise in morgage rates still
makes it valuable to hold on to a below-market-rate mortgage. But now, higher discount rates
mean that the price of assets lost in default — the house, and a fraction of future income —
are lower, making default more attractive. The two forces largely offset each other. In our
numerical example, on net, the latter force prevails, leading to a small increase in default rates

due to rate hikes.

What does this mean for lenders? Consider losses given default. With fixed prices, LGD
is unchanged by rate shocks. When prices are flexible, rate hikes lower the value of collateral
and thus increase losses given default. Rather than hedging interest rate risk in long-duration
FRMs, credit risk now amplifies it, leading to a steeper relationship between interest rate risk
and lenders ROA.

Figure TA.8: One-Period Outcomes in Response to Interest Rate Shock: ARM

Payment Default Rate
| ARM (Constant Prices)
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Notes: This figure shows the ¢ = 1 responses to a range of interest rate realizations, for mortgage payments
(“Payment”), losses given default (“LGD”), mortgage default rates (“Default Rate”), and lender return on

assets (“Lender ROA”). The vertical dashed line represents the mean interest rate 7.

The economies with ARMs look considerably different in Figure [A.8. Even if asset prices
stay fixed at t=1, the rate hike-driven increase in mortgage payments causes an increase in

defaults as a larger fraction of households cannot afford the higher payments. In contrast, from
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the lender’s perspective, the value of now short-duration surviving mortgages remains constant,
as does LGD, since prices are fixed. Their total return responds to rates entirely through cash
flows. Higher payments collected on performing loans outweigh the increase in defaults, and

returns increase in rates.

Comparing FRMs with ARMs holding prices fixed conveys the traditional FRM vs. ARM
intuition. Under the FRM regime, rate hikes benefit households who are protected from rate

rises, at the expense of lenders, while this is reversed in the ARM economy.

However, this simple intuition becomes more nuanced when we allow prices to adjust in the
economy. In the ARM economy where prices respond to shocks, in response to a rate hike,
not only do borrower payments go up, but the cost of default also goes down in present value
terms. Moreover, there is no offsetting mortgage rate value channel, i.e. unlike with fixed-rate
mortgages, existing borrowers do not benefit from holding a low-rate mortgage in a high-rate

environment. As a result, default rates increase substantially, as do losses-given default.

While the lender still benefits from higher payments collected on performing loans, the in-
crease in losses due to higher default rates and LGD leads to a lower net return if the rate hike
is large enough. However, the source of these losses is markedly different: while FRM lenders
experience losses stemming from interest rate risk, ARM lenders experience losses primarily
stemming from credit risk induced by rate rises. The magnitude of these losses depend both
on the size of the interest rate shock but also on the level of household debt. An alternative
parametrization in which the ¢ = 0 LTVs are closer to 100% than to 80% can generate loss-
driven low returns on mortgages of the same magnitude as the rate-driven low returns in the
FRM economy. In work going forward, we will quantitatively evaluate under what conditions

one force dominates the other from a financial stability perspective.

The discussion above also abstracts away from lenders’ funding costs. The change in ROA
is an upper bound on their unlevered return on equity (ROE) because it represents the case
where funding costs are unchanged (e.g., because lenders have a high degree of market power
in deposits). The increase in interest income collected by ARM lenders gives them a negative
exposure to interest rate risk, i.e. negative duration. Were their funding costs to increase one
for one with rates, the asset and liability effects would offset each other, and their portfolio

would be immunized, leaving borrowers to bear all the interest rate risk. However, the last
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set of results makes it clear that even as ARMs immunize lenders from interest rate risk, they

increase their exposure to credit risk.

The quantitative model we develop in the paper allows us to explore these trade-offs in a
more realistic setting, where lenders face funding costs and households face a broader set of
risks. We will also be able to evaluate the implications of these trade-offs for optimal monetary

policy.
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