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Abstract

Shared Appreciation Mortgages feature mortgage payments that adjust with house
prices. They are designed to stave off borrower default by providing payment relief
when house prices fall. Some argue that SAMs may help prevent the next foreclo-
sure crisis. However, the home owners’ gains from payment relief are the mortgage
lenders” losses. A general equilibrium model where financial intermediaries chan-
nel savings from saver to borrower households shows that indexation of mortgage
payments to aggregate house prices increases financial fragility, reduces risk-sharing,
and leads to expensive financial sector bailouts. In contrast, indexation to local house

prices reduces financial fragility and improves risk-sharing.
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1 Introduction

The $10 trillion market in U.S. mortgage debt is the world’s largest consumer debt market
and its second largest fixed income market. Mortgages are not only the largest liability
for U.S. households, they are also the largest asset of the U.S. financial sector.! Given the
heavy exposure of the financial sector to mortgages, large house price declines and the
default waves that accompany them can severely hurt the solvency of the U.S. financial
system. This became painfully clear during the Great Financial Crisis of 2008-2011, as
U.S. house prices fell by 30% nationwide, and by much more in some regions, pushing
roughly 25% of U.S. home owners underwater by 2010, and leading to seven million fore-
closures. Large losses on real estate loans caused several U.S. banks to collapse during
the crisis, while the stress to surviving banks” balance sheets led them to dramatically
tighten mortgage lending standards, precluding many home owners from refinancing
into lower interest rates.” Homeowners’ reduced ability to tap into their housing wealth
short-circuited the stimulative consumption response from lower mortgage rates that pol-
icy makers had hoped for.

This experience led economists and policy makers to ask whether a different mort-
gage finance system would result in a better risk sharing arrangement between borrowers
and lenders.” While contracts offering alternative allocations of interest rate risk are al-
ready widely available — most notably, the adjustable rate mortgage (ARM), which offers
nearly perfect pass-through of interest rates — contracts offering alternative divisions of
house price risk are still rare. Recently, however, some fintech lenders have begun to offer
such contracts — most notably the shared appreciation mortgage (SAM), which indexes
mortgage payments to house price Changes.4

A SAM contract ensures that the borrower receives payment relief in bad states of the

world, potentially reducing mortgage defaults and the associated deadweight losses to

!Banks and credit unions hold $3 trillion in mortgage loans directly on their balance sheets in the form
of whole loans, and an additional $2.2 trillion in the form of mortgage-backed securities.Including insur-
ance companies, money market mutual funds, broker-dealers, and mortgage REITs in the definition of the
financial sector adds another $1.5 trillion to the financial sector’s agency MBS holdings. Adding the Fed-
eral Reserve Bank and the GSE portfolios adds a further $2 trillion and increases the share of the financial
sector’s holdings of agency MBS to nearly 80%.

2Charge-off rates of residential real estate loans at U.S. banks went from 0.1% in mid-2006 to 2.8% in
mid-2009, returning to their initial value only in mid-2016.

3The New York Federal Reserve Bank organized a two-day conference on this topic in May 2015.

“Examples of startups in this space are Unison Home Ownership Investors, Point Digital Finance, Own
Home Finance, and Patch Homes. In addition, similar contracts have been offered to faculty at Stanford
University for leasehold purchases over the past fifteen years (Landvoigt, Piazzesi, and Schneider, 2014).



society. However, SAMs impose losses on mortgage lenders in these adverse aggregate
states, which may increase financial fragility at inopportune times. Our paper is the first
to study how SAM contracts affect the allocation of house price risk between mortgage
borrowers, financial intermediaries, and savers in a general equilibrium framework. It
proposes a shift in the mortgage design literature from a focus on household risk manage-
ment to one on system-wide risk management. The main goal of this paper is to quantita-
tively assess whether SAMs present a better arrangement to the overall economy than
standard fixed-rate mortgages (FRMs).

We begin with a rich baseline model where mortgage borrowers obtain long-term, de-
faultable, prepayable, nominal mortgages from financial intermediaries. These interme-
diaries are financed with short-term deposits raised from savers and equity raised from
their shareholders, subject to realistic capital requirements, and are bailed out by the gov-
ernment in case of insolvency. Borrowers face idiosyncratic house valuation shocks while
banks face idiosyncratic profit shocks, which influence their respective optimal default
decisions. We solve the model using a state-of-the-art global non-linear solution tech-
nique that allows for occasionally binding constraints.

To evaluate the mortgage system’s resilience to adverse scenarios, our model economy
transits between a normal state and a crisis state featuring high house price uncertainty
and a fall in aggregate home values, in addition to aggregate business-cycle income risk.
Under standard FRMs, the arrival of a crisis state leads to higher rates of borrower de-
faults, bank losses, and bank failures, along with large falls in borrower consumption as
the financial sector contracts.

To study the impact of alternative mortgage contracts, we consider SAM economies
where mortgage payments are either indexed to aggregate house prices or to local house
prices. We contrast the effects of alternative schemes on the model’s key externalities:
the deadweight losses and risk-sharing consequences of borrower and bank default. Our
main result is that indexation to aggregate (national) house prices reduces borrower wel-
fare even though it slightly reduces mortgage defaults, due to a severe increase in fi-
nancial fragility. These contracts lead mortgage lenders to absorb aggregate house price
declines, causing a wave of bank failures and triggering bailouts ultimately funded by
taxpayers, including the borrowers. Equilibrium house prices are lower and fall more in
crises with aggregate indexation. Ironically, intermediary welfare increases as they enjoy
large gains from increased mortgage payments in housing expansions, and can charge

higher mortgage spreads in a riskier financial system.



In sharp contrast, indexation of mortgage payments to the local component of house
price risk only can eliminate up to half of mortgage defaults while reducing systemic
risk. Banks’ geographically diversified portfolios of SAMs allow them to offset the cost of
debt forgiveness in areas where house prices fall by collecting higher mortgage payments
from areas where house prices rise. Lower mortgage defaults in turn substantially reduce
bank failures and dampen fluctuations in intermediary net worth, stabilizing the financial
system, and reducing deadweight losses. Banking becomes safer, but also less profitable,
due to a fall in mortgage spreads and in the value of the bailout option. As a result,
welfare of borrowers and savers rises, at the expense of bank owners. A combination
of aggregate and local indexation, which we label regional indexation, generates modest
welfare benefits to the economy.

Applying these insights, we examine the consequences of several realistic SAM imple-
mentations. Indexing interest payments only — which are fixed only until the next bor-
rower mortgage transaction — has much weaker effects than indexing principal. Asym-
metric indexation, which allows payments to fall but never to rise, dramatically decreases
default rates, but does so by shrinking average household leverage, rather than by im-
proving risk sharing. Our results imply that macrofinancial considerations should play
an important role in the design of such contracts. We close with a series of robustness
checks showing that our results continue to hold when bank bailouts are financed with
government debt rather than instantaneous taxation, and when mortgage defaults have

both a strategic and a liquidity component.

Literature Review. This paper contributes to the literature that studies innovative mort-
gage contracts, such as Shiller and Weiss (1999), who discuss the idea of home equity in-
surance policies. SAMs were first discussed in detail in a series of papers by Caplin, Chan,
Freeman, and Tracy (1997); Caplin, Carr, Pollock, and Tong (2007); Caplin, Cunningham,
Engler, and Pollock (2008). They envision a SAM as a second mortgage in addition to
a conventional FRM with a smaller principal balance.” They emphasize that SAMs are
not only a valuable work-out tool after a default has taken place, but are also useful to
prevent a mortgage crisis in the first place. More recently Mian and Sufi (2014) have pro-

posed a Shared Responsibility Mortgage (SRM), a first mortgage whose payments fall

5This SAM has no interest payments and its principal needs to be repaid upon termination (e.g., sale of
the house). At that point the borrower shares a fraction of the house value appreciation with the lender, but
only if the house has appreciated in value. The result is lower monthly mortgage payments throughout the
life of the loan, which can enhance affordability and improve sharing of housing risk.



when the local house price index goes down, and return to the initial payment upon re-
covery, while lenders receive a share of home value appreciation upon sale. They argue
that foreclosure avoidance raises house prices in a SRM world and shares wealth losses
more equitably between borrowers and lenders, boosting borrower spending and aggre-
gate consumption after house price falls. We build on this literature through our analysis
of intermediary and financial risk, which interacts with the borrower balance sheet risk
discussed in these works.

Kung (2015) studies the effect of the disappearance of non-agency mortgages for house
prices, mortgage rates and default rates in an industrial organization model of the Los An-
geles housing market. While not the emphasis of his work, he also evaluates the hypothet-
ical introduction of SAMs in the 2003-07 period, finding that SAMs would have enjoyed
substantial uptake, partially supplanting non-agency loans. However, SAMs would have
further exacerbated the boom and would not have mitigated the bust. Our work com-
plements this approach by providing an equilibrium model of the entire U.S. housing
market, with risk averse lenders, and endogenously determined risk-free rate and mort-
gage risk premium. This framework captures important effects as banks owned by risk
averse shareholders are negatively affected by aggregate house price declines, allowing
mortgage payment indexation to potentially exacerbate financial fragility.

Piskorski and Tchistyi (2018) also study mortgage design in a stylized, risk neutral
environment. They emphasize asymmetric information about home values between bor-
rowers and lenders and derive the optimal mortgage contract. The latter takes the form
of a Home Equity Insurance Mortgage that eliminates the strategic default option and
insures borrower’s home equity. Our emphasis on imperfect risk sharing and financial
fragility complements their approach.

Guren, Krishnamurthy, and McQuade (2018) and Campbell, Clara, and Cocco (2018)
investigate the interaction of ARM and FRM contracts with monetary policy. They study
an FRM that costlessly converts to an ARM in a crisis so as to provide concentrated
payment relief in a crisis. The former paper solves for house prices but has risk neu-
tral lenders, while the latter paper introduces risk averse lenders but takes house prices
and interest rates as given. These authors focus on interest rate risk, contrasting e.g.,

adjustable-rate and fixed-rate mortgages.® Since interest rate risk is easier for banks

®Related work on contract schemes other than house price indexation include Piskorski and Tchistyi
(2011), who study optimal mortgage contract design in a partial equilibrium model with stochastic house
prices and show that option-ARM implements the optimal contract; (Kalotay, 2015), who considers auto-
matically refinancing mortgages or ratchet mortgages (whose interest rate only adjusts down); and Eberly
and Krishnamurthy (2014), who propose a mortgage contract that automatically refinances from a FRM

5



to hedge than house price risk, these authors abstract from implications for financial
fragility, instead emphasizing a rich borrower risk profile that includes a life cycle and
uninsurable idiosyncratic income risk. In contrast, our framework considers house price
risk that is difficult for banks to hedge, and emphasizes of the intermediation sector. We
see both of these approaches as highly complementary to our own.

More generally, our paper connects to the quantitative macro-housing literature, pro-
viding a novel and tractable general equilibrium setting for analyzing the interaction be-

tween the housing and financial sectors.”

Our paper also contributes to the literature
that studies the amplification of business cycle shocks provided by credit frictions, focus-
ing specifically on key features of the mortgage market.® Finally, we provide a general
equilibrium counterpart to recent empirical work that has found strong responses of con-

sumption and default rates to changes in mortgage interest rates and house prices .”

Overview. The rest of the paper proceeds as follows. Section 2 presents the theoretical
model, while Section 3 discusses its calibration. The main results are in Section 4, with
extensions presented in Section 5. Section 6 concludes. Model derivations, first order con-

ditions characterizing the solution, and additional results are relegated to the appendix.

2 Model

2.1 Demographics

The economy is populated by a continuum of agents of three types: borrowers (denoted

B), depositors (denoted D), and intermediaries (denoted I). The measure of type j in the

into an ARM, even when the loan is underwater.

7 Elenev, Landvoigt, and Van Nieuwerburgh (2016) studies the role the default insurance provided by the
government-sponsored enterprises. Gete and Zecchetto (2018) studies the redistributive role of the Federal
Housing Agency. Greenwald (2018) studies the interaction between payment-to-income and loan-to-value
constraints in a model of monetary shock transmission through the mortgage market, but without default.
Favilukis, Ludvigson, and Van Nieuwerburgh (2017) study the role of relaxed down payment constraints
in explaining the house price boom. Corbae and Quintin (2014) investigate the effect of risky mortgage
innovation in a general equilibrium model with default. Guren and McQuade (2017) study the interaction
of foreclosures and house prices in a model with search.

8See, e.g., Bernanke and Gertler (1989), Bernanke, Gertler, and Gilchrist (1996), Kiyotaki and Moore
(1997), and Gertler and Karadi (2011). A second generation of models has added nonlinear dynamics and a
richer financial sector. E.g., Brunnermeier and Sannikov (2014), He and Krishnamurthy (2012), He and Kr-
ishnamurty (2013), He and Krishnamurthy (2014), Garleanu and Pedersen (2011), Adrian and Boyarchenko
(2012), Maggiori (2013), Moreira and Savov (2016), and Elenev, Landvoigt, and Van Nieuwerburgh (2017).

9See e.g., Mian and Sufi (2009); Mian, Rao, and Sufi (2013), Di Maggio, Kermani, Keys, Piskorski, Ram-
charan, Seru, and Yao (2017), Fuster and Willen (2015).



population is denoted x;, with xp + xp + x1 = 1.

2.2 Endowments

The two consumption goods in the economy — nondurable consumption and housing
services — are provided by two Lucas trees. The overall endowment Y; is equal to a
stationary component Y; scaled by a deterministic component that grows at a constant
rate g:

Y; = &8y,

where E(Y;) = 1 and
log Vi = (1 — py)py + pylog Yi_1 + oyey 1, eyt ~ N(0,1). (1)

The ¢, ; represent transitory shocks to the level of aggregate labor income. For nondurable
consumption, each agent type j receives a fixed share s; of the overall endowment Y,
which cannot be traded.

Shares of the housing tree are in fixed total supply K, produce housing services propor-
tional to the stock, and grow at the same rate g as the nondurable endowment. Household-
owned housing requires a maintenance cost of fraction vX of its value per period. To en-
sure that a borrower is the marginal pricer of housing, we fix intermediary and depositor
demand for housing to be H! = Kl and HP = KP.

2.3 Preferences

To allow for non-trivial risk premia, we assume that an agent of type j € {B,D, I} has

preferences following Epstein and Zin (1989), so that lifetime utility is given by

1
1-1/y \ T-1/%

uf=f =g () g (B () ) @

up = (G (H)® ®

where C] is nondurable consumption and H} is housing services, and the preference pa-
rameter ¢; is allowed to vary with the state of the economy. Housing capital produces
housing services with a linear technology. We denote by A/ the intratemporal marginal

rate of substitution (or stochastic discount factor) of agent ;.
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2.4 Financial Technology

To allow for aggregation, we assume that households are able to trade a complete set of
state-dependent securities with households of their own type, providing perfect insur-
ance against idiosyncratic consumption risk, but cannot trade these securities with mem-
bers of the other types. Between-type trade is limited to two financial assets: mortgages
that can be traded between the borrower and the intermediary, and deposits that can be

traded between the depositor and the intermediary.'’

Mortgage Contracts. Mortgage contracts are modeled as nominal perpetuities with pay-
ments that decline geometrically, so that one unit of debt yields the payment stream
1,5,6%,... until prepayment or default. The interest portion of mortgage payments can
be deducted from taxes. New mortgages face a loan-to-value constraint (shown below in
(11)) that is applied at origination only, meaning that borrowers to do not have to delever

if they violate the constraint later on.

Borrower Refinancing. Non-defaulting borrowers can choose at any time to obtain a
new mortgage loan and simultaneously re-optimize their housing position. If a refinanc-
ing borrower previously held a mortgage, she must first prepay the principal balance on
the existing loan before taking on a new loan. Since borrowers in the model borrow up
to their credit limits when taking out new loans — as is typical in reality — adjustments
in borrower leverage largely occur through the frequency at which new loans are issued.
Since leverage is a key state variable for default, this realistic model of mortgage refinanc-
ing allows us to capture a potentially important channel influencing financial fragility.
Following Greenwald (2018), the transaction cost of obtaining a new loan is propor-
tional to the balance on the new loan M, defined as x; ; M}, where k; ; is drawn i.i.d. across
borrowers and time from a distribution with CDF I'y. Since these costs largely stand in
for non-monetary frictions such as inertia, they are rebated to borrowers and do not im-
pose an aggregate resource cost. We assume that borrowers must commit in advance to
a refinancing policy that can depend in an unrestricted way on «; ; and all current values
and expectations of aggregate variables, but cannot depend on the borrower’s individual

loan characteristics. This setup keeps the problem tractable by removing the distribution

19Equivalently, households are able to trade a complete set of state-dependent securities with households
of their own type, providing perfect insurance against idiosyncratic consumption risk, but cannot trade
these securities with members of the other types. Hence, our model features incomplete risk sharing which
can potentially be improved by mortgage indexation.



of loans as a state variable while maintaining the realistic feature that an endogenous
fraction of borrowers choose to refinance in each period and that this fraction responds
endogenously to the state of the economy.

We guess and verify that the optimal plan for the borrower is to refinance whenever
ki¢ < K, where «; is a threshold cost that makes the borrower indifferent between re-
financing and not refinancing. The fraction of non-defaulting borrowers who choose to
refinance is therefore

Zrt = I (Re).

Once the threshold cost (equivalently, refinancing rate) is known, the total transaction

cost per unit of debt is defined by

Kt F;l(ZR,t)
¥, (Zrs) :/ KdFK:/ xdl'y.

Borrower Default and Mortgage Indexation. Before deciding whether to refinance a
loan, borrowers can choose to default on the loan. Upon default, the housing collateral
backing the loan is seized by the intermediary. To allow an aggregated model in which the
default rate responds endogenously to macroeconomic conditions, we introduce stochas-
tic processes w; ; for each borrower i that influence the quality of borrowers” houses.

In practice, SAM contracts typically propose indexing to a local house price index
rather than to individual house values to avoid moral hazard issues relating to the main-
tenance of the property. To accommodate this, we decompose house quality into two
components, w;; = wiL,twi,ut, where wiL’t is local component that shifts prices in an area rel-
ative to the national average — and can potentially be insured by mortgage contracts —
while w lut is an uninsurable component that shifts an individual house price relative to its

local area. These components are drawn i.i.d. from independent log-normal distributions

1

logwfy ~ N <—§Dé0'£2(),t, oaffult) (4)
1

logwi,ut ~ N (—5(1 —a)og,, (1-— oc)af,lt) (5)

ensuring that each process has mean unity, and that the local and uninsurable compo-

nents account for a« and 1 — & of the cross-sectional variance of wj;;, respectively. The

overall dispersion o, ; is allowed to vary between normal times and financial recessions.'!

T ocal and individual house values in reality are persistent rather than i.i.d. However, for the case of



In addition to the standard mortgage contracts defined above, we introduce Shared
Appreciation Mortgages whose payments are indexed to house prices. We allow SAM
contracts to insure households in two ways. First, mortgage payments can be indexed to
the aggregate house price p; . In this case, the principal balance and payment on each

existing mortgage loan are multiplied each period by:

The special cases 1, = 0 and ¢, = 1 correspond to the cases of no insurance and complete
insurance against aggregate house price risk.

Second, mortgage contracts can be indexed against shocks to the individual house
qualities w; ;. We assume that the uninsurable component wg cannot be indexed due to
moral hazard risk, but that the local component wiL/t can be insured. Specifically, each
period, the principal balance and interest payment on the loan backed by a house that

experiences regional house quality growth wiL,t are multiplied by:

gw(wiL,t) = (wiL,t)lw- )

The special cases 1, = 0 and ¢, = 1 correspond to zero insurance and complete insurance
against cross-sectional local house price risk, respectively.

As with refinancing, borrowers must commit to a default plan that can depend in an

L u
it Wi

loan conditions. We guess and verify that the optimal plan for the borrower is to default

unrestricted way on w and the aggregate states, but not on a borrower’s individual
whenever wiut < (I)tu, where cbtu is the threshold value of uninsurable (individual-level)
house quality that makes a borrower indifferent between defaulting and not defaulting.
The level of the default threshold depends on the aggregate state, the insurable local
component w,, also on the level of mortgage payment indexation. Given @Y, the fraction

of non-defaulting borrowers is
Ing = / (1 _Fg,t(@y)) dr({},t

where Fg,t and T(E],t are the CDFs of w! and wk,, respectively, and where the integral

1t/

symmetric indexation, the i.i.d. specification delivers identical results to more general AR(1) processes
(given our other modeling assumptions on risk sharing within the borrower collective). Discussion and
details of the equivalent AR(1) formulation can be found in appendix C.2.
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L

is needed because @ depends on w;y. The share of housing kept by non-defaulting

borrower households is

Zi = | ( [ drg,t> whdrh . ®)
wL>w

it t

where inner-most integral contains this selection effect — borrowers only keep their hous-
ing when their idiosyncratic quality shock was sufficiently good — while the outer inte-
gral again accounts for dependence of @ on local house quality.

The fractions of principal and interest payments retained by the borrowers are defined

by Zy+ and Z 4 4, respectively, and are given by

Zois=Zas = / / (1-18, (a1)) (w£t>[“’ drt ,. )
¢ AN

remove defaulters indexation

The first term in the integral above removes the fraction of debt that is defaulted on and
12

is not repaid, while the second component adjusts for indexation of debt to local prices.

It is straightforward to show that for the limiting case when all cross-sectional house
price risk is insurable (¢ = 1) and this risk is fully indexed (1, = 1), we obtain Zy; =
Zmte = Zay = Zky = 1, in which case borrowers’ optimal policy is to never default
on any payments. In contrast, under a standard mortgage contract with no indexation
(tp = 1w = 0), we have Zy; = Zay = Zn,, so that conditional on non-default, neither

debt balances nor interest payments are directly influenced by local house prices.

REO Sector. The housing collateral backing defaulted loans is seized by the intermedi-

ary and rented out as REO (“real estate owned”) housing to the borrower. Housing in

REO>V

this state incurs a larger maintenance cost than usual, v K, designed to capture

SREO

losses from foreclosure. With probability per period, REO housing is sold back to

borrowers as owner-occupied housing. The existing stock of REO housing is denoted by

KREO and the value of a unit of REO-owned housing is denoted pREC.

Deposit Technology. Deposits in the model take the form of risk-free one-period loans

f

issued from the depositor to the intermediary, where the price of these loans is denoted g; ,

implying the interest rate 1/ q{ . Intermediaries must satisfy a leverage constraint (defined

12While Z A+ and Zy; are identical in this baseline case, it is convenient to define them separately since
they will diverge under separate indexation of interest and principal in Section 5.
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below in (21)) stating that their promised deposit repayments must be collateralized by

their existing loan portfolio.

2.5 Borrower’s Problem

Given this model setup, the individual borrower’s problem aggregates to that of a rep-
resentative borrower. The endogenous state variables are the promised payment A?, the
face value of principal MP, and the stock of borrower-owned housing K?. The repre-
sentative borrower’s control variables are nondurable consumption CZ, housing service
consumption HP, the amount of housing K} and new loans M} taken on by refinancers,
the refinancing fraction Zg;, and the default policy @}, which implicitly determines
(ZNt:r Zmt Zap Zk p)-

The borrower maximizes (2) subject to the budget constraint:

Gl =(1- )Y’ +Zg, <ZN,tM?< - 5ZM,tMtB) ~(1=8)ZyMy — (1= T)Za A}

——— L

-

principal payment interest payment

NV
net new borrowing

— Pt [ZR,tZN,th + (VK — ZR,t) ZK,tKﬂ — f)t (HtB - KF)

disp. income

(10)
owned‘l:ousing rental ?:ousing
— (¥(Zry) — V1) Zn M — TP
N -— ” —~—
net transaction costs lump sum taxes
the loan-to-value constraint
M; < ¢"piK; (11)
and the laws of motion
MP =7 'y [ZR,tZN,tM;k +06(1— ZR,t)ZM,tMﬂ (12)
APy = A0 [ZraZn i M; +8(1 = Zry)Za AT (13)
KPq = ZrZnKi 4+ (1 — Zry) Zi i KP (14)

where 7T is the inflation rate (assumed constant), r} is the interest rate on new mortgages,
T is the income tax rate, which also applies to the mortgage interest deductibility, p; is the
rental rate for housing services, ¥; is a subsidy that rebates transaction costs back to bor-
rowers, and T? are taxes raised on borrowers to pay for intermediary bailouts (defined

below in (29)). Aggregate indexation influences the problem by directly scaling debt and

12



B
t+1

tion (whose direct effects wash out in aggregate) instead influences the default decision
(ZN,t/ ZM,f/ ZA,t/ ZK,f)'

interest payments (M?P 1 and A/ ) to aggregate house price growth, while local indexa-

2.6 Intermediary’s Problem

The intermediation sector consists of intermediary households, mortgage lenders (banks),
and REO firms. The intermediary households, who we will refer to as “bank owners,”
are equity holders of both the banks and the REO firms. Each period, the bank owners
receive income Y/, and the aggregate dividends D! and DRFC from banks and REO firms,
respectively (defined in equations (27) and (30) below). Bank owners choose consumption

C/ to maximize (2) subject to the budget constraint:
Cf < (1—1)Y{+ Dj + Df*® —v*p;H{ — T}, (15)

where T/ are taxes raised on intermediary households to pay for bank bailouts (defined
in (29) below). Intermediary households consume their fixed endowment of housing ser-
vices each period, H} = K!.

Banks and REO firms maximize shareholder value. Banks lend to borrowers, issue
deposits, and trade in the secondary market for mortgage debt. They are subject to id-
iosyncratic profit shocks and have limited liability, i.e., they optimally decide whether to
default at the beginning of each period. When a bank defaults, it is seized by the govern-
ment, which guarantees its deposits. The equity of the defaulting bank is wiped out, and
bank owners set up a new bank in place of the bankrupt one.

REO firms buy foreclosed houses from banks, rent these REO houses to borrowers,

and sell REO housing in the regular housing market after maintenance.

Bank Portfolio Choice. Each bank chooses a portfolio of mortgage loans and how many
deposits to issue. Although each mortgage with a different interest rate has a different
secondary market price, we show in the appendix that any portfolio of loans can be repli-
cated using only two instruments: an interest-only (IO) strip, and a principal-only (PO)
strip. Let Al and M! denote start-of-period holdings of IO and PO strips, respectively,
which correspond to total promised interest payments and principal balances (A? and

Al at equilibrium. If we denote new lending by L, then the supply of IO and PO strips

13



available on the secondary market is given by

M{ =L} +6(1— Zp)ZmM} (16)
Al =7{L; +0(1 = Zry)Za Al (17)

Next, denote bank demand for PO and IO strips (desired end-of-period holdings), by
M/ and A!, respectively. In equilibrium, market clearing implies M} = M! and A] = A.

The laws of motion start-of-period IO and PO strip holdings are therefore

M, = ﬁ_lép,tHMtI (18)
Al =T ALL (19)

which depend on both inflation (since the contracts are nominal) and indexation. The

market value of the portfolio held by banks at the end of each period is

I _ x A My 7 * A Fl Myl frl
Ji = —rigi —q")Li + i Ay + q" My — g1 B4 (20)
~ ~ T —— ——
net new debt IOstrips  POstrips  new deposits

where g7 and gM are the market prices of IO and PO strips, respectively. This portfolio is

chosen by banks subject to a leverage constraint
By < ¢! (g Al +qt'ma}) e

that limits the amount of deposit finance to a fraction of their assets. Since banks enjoy
limited liability and can issue insured deposits, they have incentives to take on excessive
risk in the form of high leverage. The constraint represents a regulatory equity capital
requirement that limits bank risk taking.

To calculate the payoff of this portfolio in period t + 1, we first define the recovery rate

of housing from foreclosed borrowers, per unit of face value outstanding, as'?

1— Zg ) KP (pREC — vREOp,)
MB '

X = (22)

After paying maintenance on the REO housing for one period, the banks sell the seized

houses to the REO sector at prices pREC.

BNote that X; is taken as given by each individual bank. A bank does not internalize the effect of its
mortgage debt issuance on the overall recovery rate.
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Combining the above, a bank’s portfolio payoff is:

Wi, = [Xt—&—l + Zmi41 <(1 —0)+ §ZR,t+1)} M{ 1+ Zap1Al

-

payments on existing debt

+6(1—Zr41) (ZA,t+1‘7§4+1A{+1 + ZM,t+1Qﬁ1MtI+1> — 7 'Bf (23)

J/

sales of IO and PO strips deposit redemptions

which is net worth of banks at the beginning of period ¢ 4 1.

Bank’s Problem. Denote by S/ all state variables exogenous to banks. At the beginning
of each period, before making their optimal default decision, banks receive an idiosyn-
cratic profit shock €/ ~ F!, with E(e}) = 0. The value of banks that do not default can be

expressed recursively as:

VipW,8)) =  max — i — el + B Al amax { Vi (W), 8110),0}] 24

x arl Al pl
LMABtH

subject to the bank leverage constraint (21), the definitions of ]tI and th in (20) and (23),
respectively, and the transition laws for the aggregate supply of IO and PO strips in (16) —
(19). The value of defaulting banks to shareholders is zero. The value of the newly started

bank that replaces a bank liquidated by the government after defaulting, is given by:

Vl%(StI) max - ]t + E; [At t+1max {VND( t+1/8t+1) H , (25)

I AI pl
Ly, ML ALBL

subject to the same set of constraints as the non-defaulting bank.

Beginning-of-period net worth W/ and the idiosyncratic profit shock €/ are irrelevant
for the portfolio choice of newly started banks. Inspecting equation (24), one can see that
the optimization problem of non-defaulting banks is also independent of W/ ¢!, since the
value function is linear in those variables and they are determined before the portfolio
decision. Taken together, this implies that all banks will choose identical portfolios at the
end of the period. In the appendix, we show that we can define a value function after the

default decision to characterize the portfolio problem of all banks:!*

I—
VI(WtIIStI) max tI - ]tI + E At t+1 Fe 1 (VI(W+1rSt+1) t—i—l)] , (26)

I A1 pl
L;,m}LALBL

4The value of the newly started bank with zero net worth is simply the value in (26) evaluated at W/} = 0.
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where
Pel,t—H = FeI(VI( t+118t+1))

is the probability of continuation, and €} = E [e] ,|el,; < VI(WL ,, S, ,)] is the ex-
pectation of etI 41 conditional on continuation. The objective in (26) is subject to the same

set of constraints as (24).

Aggregation and Government Deposit Guarantee. By the law of large numbers, the
fraction of defaulting banks each period is 1 — Fel,t' The aggregate dividend paid by banks

to their shareholders, the intermediary households, is:

Dtl :Flt <Wt —et —]tI> - (1_Fé,t> ]tI
=, (wt — el ) s 27)

Bank shareholders bear the burden of replacing liquidated banks by an equal measure of
new banks and seeding them with new capital equal to that of continuing banks (J/).

The government bails out defaulted banks at a cost:
bailout; = (1 — Fel,t) [etl’“L ~ Wl 56(1 - Zgy) (ZA,tqf‘A{ + ZM,tqﬁwM{)] ,

where (—:tI’Jr = E [¢/ | e} > VI(W/, S})] is the expectation of €/ conditional on bankruptcy.
Thus, the government absorbs the negative net worth of the defaulting banks. The last
term are additional losses from bank bankruptcies, which are a fraction # of the mortgage
assets and represent deadweight losses to the economy. The government bailout is what

makes deposits risk-free, what creates deposit insurance.

Government Debt. To finance bailouts, the government issues risk-free short-term debt
that trades at the same price as deposits. To service its debt, the government levies lump-
sum taxes Tg on households of type j in period ¢, such that total tax revenue from lump-
sum taxation is T; = TP + T} + TP. Therefore, if BS is the amount of government bonds

outstanding at the beginning of ¢, the government budget constraint satisfies

7' BS + bailout; = g/ BS, | + T;. (28)
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Lump-sum taxes are levied in proportion to population shares and at a rate 7z
T/ = xy (7 'Bf + bailout; ) , ¥j € {B,1,D}. (29)
This formulation ensures gradual repayment of government debt following a bailout.™

REO Firm’s Problem. There is a continuum of competitive REO firms that are fully
owned and operated by intermediary households (bank owners). Each period, REO firms
choose how many foreclosed properties to buy from banks, IRFC, to maximize the NPV
of dividends paid to intermediary households. The aggregate dividend in period ¢ paid
by the REO sector to the bank owners is:
DFEO _ [Pt 4 (SREO . UREO) Pt} KFEO _ pFEOIg{EO . (30)
_ ~—

N —
-

-~

REO income REO investment

The law of motion of the REO housing stock is:

KFEP = (1 — SREQ)KREO 4 TR,

2.7 Depositor’s Problem

The depositors” problem can also be aggregated, so that the representative depositor
chooses nondurable consumption CP and holdings of government debt and deposits BP

to maximize (2) subject to the budget constraint:

cP<(1-1)YP - ( /BD | — ﬁ—lB,P) — KpHP - TP . (31
—_———— 9 ~——— ~—

[

-~

disp. income net deposit iss.

own housing maint.  lump sum taxes

and a restriction that deposits must be positive: B? > 0. Depositors consume their fixed

endowment of housing services each period, HP = KP.

15Equations (28) and (29) combined imply that new bonds issued in ¢ are

1—TL
al

BtG+1 = (ﬁletG —i—baﬂoutt) .

The case 7, = 1 means that the government immediately raises taxes to pay for the complete bailout, and
thus BY = 0 Vt. Any 1, < 1 will generally imply a positive amount of debt outstanding, with the average
debt balance decreasing in 7;. To ensure stationarity of the debt balance, 1; needs to be large enough
relative to the average risk-free rate. We verify that this is the case in our quantitative exercises.
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2.8 Financial Recessions

At any given point in time, the economy is either in a “normal” state, or a “crisis” state,
the latter corresponding to a severe financial recession. This state evolves according to a
Markov Chain with transition matrix Il. The financial recession state is associated with
a higher value of 0, implying more idiosyncratic uncertainty; and a lower value of ¢,
implying a fall in aggregate house prices. Our financial recession experiments will feature
a transition from the normal state into the crisis state alongside a low realization of the

aggregate income shock ¢y ;.

2.9 Equilibrium

Given a sequence of endowment and crisis shock realizations [e t, (0w, Gt)], a competi-
tive equilibrium is a sequence of depositor allocations (CP, BP), borrower allocations
(MB, AB,KB,CB,HE, K}, M}, ZR 1, @}'), intermediary allocations

(M{, Al,KREO, W], Cl, Ly, IREC, M{, A], B[ ), and prices (r},qM, g, q{, pt, pREO, p1), such

that borrowers, intermediaries, and depositors optimize, and markets clear:

New mortgages: ZrtZNM] = Lf
PO strips: M} = M}
IO strips: Al = Al
Deposits and Gov. Debt: Bl 4+ BtGJrl = B2,

Housing Purchases: ZrZNKF = GREOKREO | 7 R,tZK,thB
REO Purchases: IREO = (1 — Zy ,)KP
Housing Services: ~ HP = KP 4+ KREC = B

Resources: Y, =CB 4+l +cP+G

+ <1 — Fgllt) n6(1 —Zgy) (ZA,H#‘A{ + ZMrtqintI)

(. J

DWL from ?)rank failures
+vEpy(Zg KB 4+ R 4 RP) + vREOp, [KFEO + (1 - ZK,t)KtB}

-~

housing maintenance expenditure

The resource constraint states that the endowment Y} is spent on nondurable consump-
tion, government consumption, deadweight losses from bank failures, and housing main-

tenance. Housing maintenance consists of payments for houses owned by borrowers, de-
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positors, and intermediaries and for houses already owned by REO firms, KREO

, or newly
bought by REO firms from foreclosed borrowers (1 — Zg ;)KB. Government consumption

consists of income taxes net of the mortgage interest deduction:
Gt = 1(Y; — Za AD).

Appendix B contains an extensive discussion of the model’s first order conditions.

2.10 Discussion of Key Model Assumptions

Risky Mortgage Debt and Safe Asset Production. One key friction in our model is that
depositors only want to hold safe assets, but mortgages issued by borrowers are inher-
ently risky. This creates the need for an intermediation sector that transforms the long-
term mortgages with credit and pre-payment risk into short-term risk-free debt. Interme-
diaries use their equity capital to buffer mortgage losses. However, the intermediation
sector only has a limited capacity to absorb losses, relying on the government as ultimate
guarantor of the debt it issues. Thus, trade in debt claims between borrowers and savers
(depositors) is subject to frictions stemming from the default options of both borrowers
and banks. Borrower default causes foreclosures, which result in resource costs to society.
Similarly, bank default causes costly liquidations, also resulting in the loss of resources.

How a policy trades off these two margins is a key determinant of its resource efficiency.

Allocation of House Price and Credit Risk. Borrowers bear the majority of this risk
with traditional fixed-rate mortgages, such that large drops in the aggregate house price
cause a rise in foreclosures. Indexation of mortgage debt to house prices explicitly shifts
house price risk to banks, potentially making them more fragile, while at the same time
reducing borrower defaults and foreclosures. The contracts we consider implement a
different allocation of risk on borrowers, intermediaries, and indirectly society at large
due to the government guarantee of bank deposits.

A different possibility is that the government could directly take on house price risk,
for example if the government-sponsored enterprises (GSEs) directly insured SAMs sim-
ilarly to their current guarantee of conforming mortgages. We do not explore this pos-
sibility in our model, because we consider it unlikely that the government would seek
direct exposure of its budget to large swings in house prices. Further, Elenev et al. (2016)

and ? analyze issues with current GSE policy that would likely be exacerbated by GSE
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insurance of SAMs. Yet another possibility is that banks would not directly hold SAMs
on their balance sheets, but rather securitize these loans and sell them to investors. In the
context of our model, these investors would be the intermediary households, since de-
positors do not participate in risky asset markets. However, in our model, intermediary
households prefer to hold loans indirectly through banks, as this allows levered funding
through guaranteed deposits. More generally, we view our assumption that indexation
shifts risk to levered intermediaries with government guarantees as a sensible modeling
approach. The boom and collapse in private-label securitization during the 2000s is a
cautionary tale regarding banks” ability (or desire) to shift the mortgage risk outside the

levered financial system.

3 Calibration

This section describes the calibration procedure for key variables, and presents the full
set of parameter values in Table 1. The model is calibrated at quarterly frequency and
solved using global projection methods. Since the integrals (8) and (9) lack a closed form,

we evaluate them using Gauss-Hermite quadrature with 11 nodes in each dimension.

Exogenous Shock Processes. Aggregate endowment shocks in (1) have quarterly per-
sistence p, = .977 and innovation volatility 0, = 0.81%. These are the observed per-
sistence and innovation volatility of log real per capita labor income from 1991.Q1 until
2016.Q1.'6 In the numerical solution, this AR process is discretized as a five-state Markov
Chain, following the Rouwenhorst (1995) method. We abstract from long-run endow-
ment growth (¢ = 0). The average level of aggregate income (GDP) is normalized to 1.
The income tax rate is T = 0.147, as given by the observed ratio of personal income tax
revenue to personal income.

The discrete state follows a two-state Markov Chain, with state 0 indicating normal
times, and state 1 indicating crisis. The probability of staying in the normal state in the
next quarter is 97.5% and the probability of staying in the crisis state in the next quarter is
92.5%. Under these parameters, the economy spends 3/4 of the time in the normal state
and 1/4 in the crisis state. This matches the fraction of time between 1991.Q1 and 2016.Q4

16Labor income is defined as compensation of employees (line 2) plus proprietor’s income (line 9) plus
personal current transfer receipts (line 16) minus contributions to government social insurance (line 25), as
given by Table 2.1 of the Bureau of Economic Analysis’ National Income and Product Accounts. Deflation
is by the personal income deflator and by population. Moments are computed in logs after removing a
linear time trend.
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that the U.S. economy was in the foreclosure crisis, and implies an average duration of
the normal state of ten years, and an average duration of the crisis state of 3.33 years.
These transition probabilities are independent of the aggregate endowment state. The
low uncertainty state has 7,0 = 0.200 and the high uncertainty state has 7,,; = 0.250.
These numbers allow the model to match an average mortgage default rate of 0.5% per
quarter in expansions and of 2.05% per quarter in financial recessions, which are periods
defined by low endowment growth and high uncertainty. The unconditional mortgage
default rate in the model is 0.95%. In the data, the average mortgage delinquency rate is

1.05% per quarter: 0.7% in normal times and 2.3% during the foreclosure crisis.'”

Local House Price Process. We calibrate the persistence and variance of the local (insur-
able) housing quality process using FHFA house prices indices at the MSA level. Specifi-

cally, we run the annual panel regression
log HPIZ'/t = 51} + (Pi + ‘DZJnn log HpIi,t,1 + &t (32)

where i indexes the MSA, and t indexes the year, and é; and ¢; are MSA and quarter fixed

effects. The quarterly persistence is computed as p, = (%"

)1/4, which we estimate to
be 0.977.'% Since this persistence parameter only matters for the indexation of local house
price risk, it is appropriate to calibrate this parameter only to local house price data. To
calibrate &, the share of house price variance at the local/regional level, we use (32) to
compute the implied unconditional variance Var(w},) = Var(g;;)/ (1 — (p%™)?), which
delivers an unconditional standard deviation at the MSA level of 11.5%. We set « = 0.25,
which given our calibration for ¢, implies that the standard deviation of regional house
prices is 10% in the model in normal times, and 12.5% in financial recessions, consistent

with our empirical estimates.

Demographics, Income, and Housing Shares. We split the population into mortgage

borrowers, depositors, and intermediary households as follows. We use the 1998 Survey

7Data are for all residential mortgage loans held by all U.S. banks, quarterly data from the New York
Federal Reserve Bank from 1991.Q1 until 2016.Q4. The delinquency rate averages 2.28% per quarter be-
tween 2008.Q1 and 2013.Q4 (high uncertainty period, 23% of quarters) and 0.69% per quarter in the rest of
the period.

18The annual estimate is e = 0.911 with standard error 0.004 (clustered at the MSA level). The data
source is the Federal Housing Finance Agency Quarterly All-Transactions House Price Index. The sample
spans 1975.Q1 - 2017.Q1, and contains 13,649 observations drawn from 403 MSAs. The regression is run
using an unbalanced panel as MSAs enter the sample over time, but results using a balanced panel limited
to MSAs present since some given start date were nearly identical under a variety of start dates.
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Table 1: Parameter Values: Baseline Calibration (Quarterly)

Parameter Name Value Target/Source

Technology
Agg. income persistence prep - 0977 Real per capita labor income BEA
Agg. income st. dev. orrp 0.008  Real per capita labor income BEA
Profit shock st. dev. Oc 0.070 FDIC bank failure rate
Transition: Normal — Normal Iy 0.975  Avg. length = 10Y
Transition: Crisis — Crisis I 0.925  25% of time in crisis state

Demographics and Income

Fraction of borrowers XB 0.343  SCF 1998 population share LTV>.30
Fraction of intermediaries X1 0.020  Stock market cap. share of finance sector
Borr. inc. and housing share Sp 0.470  SCF 1998 income share LTV >.30
Intermediary inc. and housing share Sy 0.067  Employment share in finance

Housing and Mortgages

Housing stock K 1 Normalization
Housing XS persistence Pew 0.977  FHFA MSA-level regression
Housing XS dispersion (Normal) Tw,0 0.200  Mortg. delinqg. rate U.S. banks, no crisis
Housing XS dispersion (Crisis) Tuw,1 0.250  Mortg. delinqg. rate U.S. banks, crisis
Local share of XS dispersion b 0.25  FHFA MSA-level regression
Inflation rate T 1.006  2.29% CPI inflation
Mortgage duration 0 0.996  Duration of 30-yr FRM
Prepayment cost mean i 0.370  Greenwald (2018)
Prepayment cost scale Sk 0.152  Greenwald (2018)
LTV limit P 0.850 LTV at origination
Maint. cost (owner) vK 0.616% BEA Fixed Asset Tables
Intermediaries
Bank regulatory capital limit ¢! 0.940  Financial sector leverage limit
Deadweight cost of bank failures n 0.085  Bank receivership expense rate
Maint. cost (REO) vREO0.024 REO discount: pREO/ps = 0.725
REO sale rate SREO 0167  Length of foreclosure crisis
Preferences
Borr. discount factor BB 0.950  Borrower value/income, SCF
Intermediary discount factor B1 0.950 Equalto Bp
Depositor discount factor Bp 0.998 3% nominal short rate (annual)
Risk aversion 0% 5.000  Standard value
EIS P 1.000  Standard value
Housing preference (Normal) o 0.220  Borrower hous. expend./income
Housing preference (Crisis) & 0.160 HP growth volatility
Government
Income tax rate T 0.147  Personal tax rate BEA
Bailout taxation rate T 1.0 Tractability
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of Consumer Finances to define for every household a loan-to-value ratio. This ratio
is zero for renters and for households who own their house free and clear. We define
mortgage borrowers to be those households with an LTV ratio of at least 30%.!” Those
households make up for 34.3% of households (xp = .343). They earn 46.9% of labor
income (sp = .469). For parsimony, we set all housing shares equal to the corresponding
income share. Since the aggregate housing stock K is normalized to 1, K® = .469.

To split the remaining households into depositors and intermediary households (bank
owners), we set the share of labor income for bank owners equal to 6.7%. To arrive at this
number, we calculate the share of the financial sector (finance, insurance, and real estate)
in overall stock market capitalization (16.4% in 1990-2017) and multiply that by the labor
income share going to all equity holders in the SCE. We set the housing share again equal
to the income share. The population share of bank owners is set to 2%, consistent with the
observed employment share in the FIRE sector. The depositors make up the remaining
XD = 63.7% of the population, and receive the remaining sp = 46.4% of labor income

and of the housing stock.

Prepayment Costs. For the prepayment cost distribution, we assume a mixture distri-
bution, so that with probability 3/4, the borrower draws an infinite prepayment cost,

while with probability 1/4, the borrower draws from a logistic distribution, yielding

1

Zrt = Ti(Re) = — - -
1+ exp <_"t;KVK>

7

o] =

The calibration of the parameters follows Greenwald (2018), who fits an analogue of
(43).2Y The parameter oy, determining the sensitivity of prepayment to equity extraction
and interest rate incentives, is set to that paper’s estimate (0.152), while the parameter

is set to match the average quarterly prepayment rate of 3.76% found in that exercise.

Mortgages. We set J = .99565 to match the fraction of principal U.S. households amor-

tize on mortgages.”’ The maximum loan-to-value ratio at mortgage origination is ¢® =

YThose households account for 88.2% of mortgage debt and 81.6% of mortgage payments.

2Gee Greenwald (2018), Section 4.2. The parameters are fit to minimize the forecast error LTV, =
ZR LTV + (1 — Zr)0G, 1LTV,_4, where LTV, is the ratio of total mortgage debt to housing wealth, LTV}*
is LTV at origination, and G; is growth in house values.

2IThe average duration of a 30-year fixed-rate mortgage is typically thought of as about 7 years. This
low duration is mostly the result of early prepayments. The parameter § captures amortization absent
refinancing. Put differently, households are paying off a much smaller fraction of their mortgage principal
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0.85, consistent with average standard mortgage underwriting norms.?? Inflation is set to
the observed 0.57% per quarter (2.29% per year) for the 1991.Q1 - 2016.Q4 sample.

Banks. We set the maximum leverage that banks may take on at ¢! = 0.940, follow-
ing Elenev et al. (2017), to capture the historical average leverage ratio of the leveraged
financial sector. The idiosyncratic profit shock that hits banks has standard deviation of
0e = 7.00% per quarter. This delivers a bank failure rate of 0.33% per quarter, consistent
with historical bank failure rate data from the FDIC.?*> We assume a deadweight loss from
bank bankruptcies equal to 7 = 8.50% of bank assets. This number falls in the interquar-
tile range [5.9%,15.9%] of bank receivership expenses as a ratio of bank assets in a FDIC
study of bank failures from 1986 until 2007 (Bennett and Unal, 2015). Deadweight losses

from bank failures amount to 0.07% of GDP in equilibrium.

Housing Maintenance and REOs. We set the regular housing maintenance cost equal
to 1K = 0.616% per quarter or 2.46% per year. This is the average over the 1991-2016
period of the ratio of current-cost depreciation of privately-owned residential fixed assets
to the current-cost net stock of privately-owned residential fixed assets at the end of the
previous year (source: BEA Fixed Asset Tables 5.1 and 5.4).

We calibrate the maintenance cost in the REO state to vREO = 2.40% per quarter. It
delivers REO housing prices that are 24.3% below regular housing prices on average.
This is close to the observed fire-sale discounts reported by Fannie Mae and Freddie Mac
during the foreclosure crisis. We assume that SREC = (.167 so that 1/6th of the REO stock
is sold back to the borrower households each quarter. It takes eight quarters for 75% of
the REO stock to roll off. This generates REO crises that take some time to resolve, as they
did in the data.

Preferences. All agents have the same risk aversion coefficient of 7; = 5 and inter-
temporal elasticity of substitution coefficient iy = 1. These are standard values in the

literature. We choose the value of the housing preference parameter in normal times

than 1/7th each year in the absence of prepayment.

22The average LTV of purchase mortgages originated by Fannie and Freddie was in the 80-85% range
during our sample period. However, that does not include second mortgages and home equity lines of
credit. Our limit is a combined loan-to-value limit (CLTV). It also does not capture the lower down pay-
ments on non-conforming loans that became increasingly prevalent after 2000. Keys, Piskorski, Seru, and
Vig (2012) document CLTVs on non-conforming loans that rose from 85% to 95% between 2000 and 2007.

23Based on the FDIC database of all bank failure and assistance transaction from 1991-2016, we calculate
the asset-weighted average annual failure rate to be 1.65%.
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& = 0.220 to match a ratio of housing expenditure to income for borrowers of 18%,
a common estimate in the housing literature.”* The model produces a ratio of 17.5%.
To induce an additional house price drop, we set & = 0.16 in the crisis states. This
additional variation yields a volatility of quarterly log national house price growth of
1.41%, compared to 1.66% in the data (source: Case Shiller national home price index,
deflated by PCE, 1991.Q1 - 2016.0Q4).

For the time discount factors, we set B8 = B! = 0.950 to target the ratio of housing
wealth to quarterly income for borrowers of 8.57, close to the same ratio for “borrowers”
as defined above in the 1998 SCF (8.67). Finally, we set the discount rate of depositors
BP = 0.998 to match the observed nominal short rate of 2.9% per year or 0.71% per
quarter. With these parameters, the model generates average borrower mortgage debt
to housing wealth (LTV) of 64.5%, close to the corresponding value 61.6% for the “bor-
rower” population in the 1998 SCF.

Government. We set the income tax rate T in the model to match the average effective
personal tax rate of 14.7% as reported by the BEA. We further set the fraction of bailout
expenses funded through lump-sum taxation in the same period, 77, to 100%. This as-
sumption guarantees that the outstanding balance of government debt BY is always zero,
which avoids government debt as state variable. In Section 5, we test the sensitivity of our
quantitative conclusions to a different taxation regime with a positive amount of govern-
ment debt. We find that the assumption of instantaneous taxation does not significantly

affect our quantitative conclusions about the different indexation schemes.

4 Main Results on Mortgage Indexation

Our main exercise compares the economy with regular mortgages to hypothetical economies
with varying degrees and forms of mortgage indexation. Specifically, we solve: (i) a No
Index model with 1, = 1, = 0 (the benchmark); (ii) an Aggregate (only) model with
tp = 1and 1, = 0; (iii) a Local (only) model, with 1, = 0 and i, = 1; (iv) and a Regional
model that combines aggregate and local indexation, with 1, = 1 and ¢, = 1. We conduct

a long simulation for each model, and display the resulting averages of key prices and

2Piazzesi, Schneider, and Tuzel (2007) obtain estimates between 18 and 20 percent based on national
income account data (NIPA) and consumption micro data (CEX). Davis and Ortalo-Magné (2011) obtain
a ratio of 18% after netting out 6% for utilities from the median value of 24% across MSAs using data on
rents.
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quantities in Table 2.

These stylized experiments are designed to showcase the different properties of aggre-
gate and local indexation. While the typical SAM proposal does not distinguish between
the source of house price movements, any indexation scheme can be decomposed into
these two types. We show that these forms of indexation yield sharply different economic

implications, which should be considered when designing a mortgage product.

Benchmark: Unconditional Moments. Before turning to the indexation results, it is
useful to briefly discuss the benchmark model. On the borrower side, the model generates
average mortgage debt to annual income of 64.9%, close to the observed value of 69%. It
generates an aggregate LTV ratio among mortgage borrowers of 64.5%, close to the value
of 67.2% in the data. The average mortgage default rate of 0.95% per quarter matches the
data, and the loss-given-default rate of 38.61% comes close to the data. The implied loss
rate is 0.40% per quarter. The refinancing rate of 3.84% per quarter matches the implied
average rate at which mortgages are replaced excluding rate refinances. The maximum
LTV constraint, which only applies at origination and caps the LTV at 85% always binds
in our simulations, consistent with the overwhelming majority of borrowers taking out
loans up to the limit.

On the intermediary side, we match the leverage ratio of the levered financial sector,
which is 93.98% in the model. Banks’ regulatory capital constraints bind in 99.35% of the
periods. Bank equity capital represents about 4.6% of annual GDP (18.4% of quarterly
GDP) and 7.09% of bank assets in the model. Bank deposits (that go towards financing
mortgage debt) represent just over 61.4% of annual GDP (245.4%/4). Bank dividends
are 1.0% of GDP. The model generates a substantial amount of financial fragility. One
measure thereof is the bank default rate. In the benchmark, it is 0.33% per quarter or 1.3%
per year. Deadweight losses from bank bankruptcies are 0.07% of GDP on average.

The REO firms represent the other part of the intermediary sector. They spend 0.34%
of GDP on housing maintenance on average, and pay 0.5% of GDP in dividends to their
owners. REO firms earn very high returns from investing in foreclosed properties and
selling them back to the borrowers: the return on equity is 5.3% per quarter (equal to the
return on assets since the REO firms have no leverage).”

The model somewhat overstates housing wealth, which represents about 220.3% of

annual GDP in the model and 153% in the data. This discrepancy is an artifact of giving

2This return on equity in the model mimics the high returns earned by single-family rental firms like
Blackstone’s Invitation Homes over the past five years.
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all agents the same housing to income ratio in the model, while the “borrower” type holds
relatively more housing in the data than the other groups. At equilibrium, only borrower

holdings of housing are relevant,*

so the quantitative effect of exaggerating total housing
wealth is minimal. The mortgage rate exceeds the short rate by 75bps per quarter, which
is close to the average spread between the 30-year fixed-rate mortgage rate and the 3-
month T-bill rate of 89bps per quarter for 1991-2016. The model’s expected excess return,

or risk premium, earned by banks on mortgages is 34bps per quarter.

Benchmark: Financial Crises. To understand risk-sharing patterns in the benchmark
economy, it is instructive to study how this economy behaves in a financial recession and
a non-financial recession. We define a non-financial recession event as a one standard
deviation drop in aggregate income while the economy is in the normal (non-crisis) state.
In a financial recession, the economy experiences the same fall in income, but also tran-
sitions from the normal state into the crisis state, leading to an increase in house value
uncertainty (0,0 — 0, 1) and a decrease in housing utility (o — ¢;). We simulate many
such recessions to average over the endogenous state variables (i.e., the wealth distribu-
tion). Figures 1 and 2 plot the impulse-response functions in levels, with financial reces-
sions indicated by red circles and non-financial recessions in blue.”” By construction, the
blue and red lines coincide in the top left panel of Figure 1.

A financial crisis results in a significant increase in mortgage defaults. The risk on
existing mortgages goes up, but the fixed interest rates do not, causing the value of bank
assets to fall. Faced with reduced equity, some banks fail, while the remaining ones are
forced to delever in the wake of the losses they suffer, substantially shrinking both mort-
gage assets and deposit liabilities. To induce depositor households to reduce deposits and
increase consumption, the real interest rate falls sharply. Intermediary consumption falls
heavily, as the owners of the intermediary sector absorb losses from their banks. Borrower
consumption also falls as borrowers cut back on new mortgage borrowing, and must help
pay for the bank bailouts by paying higher taxes. After the shock, the economy gradually

recovers as high excess returns on mortgages eventually replenish bank equity.

26We could set the housing to income ratios of intermediaries and depositors to match the overall housing
to GDP ratio observed in the data. However, the constant housing capital of these two types of households
only affects their equilibrium non-durable consumption levels through housing maintenance payments.
The effect of such an adjustment on equilibrium outcomes is negligible.

?’The simulations underlying these generalized IRF plots are initialized at the ergodic distribution of the
endogenous states, the mean income level, and in the non-crisis state (7, 0, &o).
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Figure 1: Financial vs. Non-financial Recessions: Benchmark Model (part 1)
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Aggregate Indexation. The first experiment we consider is one where all mortgage pay-
ments are indexed to aggregate house prices. The conjecture in the literature is that this
should reduce mortgage defaults and generally improve borrower’s ability to smooth
consumption. Perhaps surprisingly, we find that this conjecture does not hold up in gen-
eral equilibrium. To the contrary, Table 2 shows that, by adding to financial fragility,
aggregate indexation destabilizes borrower consumption while leaving mortgage default
rates unchanged.

To understand this, we can turn to Figure 3, which compares financial recessions in the
benchmark and Aggregate models. Under aggregate indexation, banks find themselves
exposed to increased risk through their loan portfolio, whose cash flows now fluctuate
directly with aggregate house price movements. Although banks optimally choose to
hold a slightly larger capital buffer compared to the benchmark model, this is insufficient
to protect their equity from the much greater risks they face. Left with a trade-off between
preserving charter value and exploiting limited liability, banks lean more toward their
option to declare bankruptcy and saddle the government with the losses.

The combination of increased risk and the absence of precautionary capital means that
the share of bank defaults upon entering a financial recession is vastly larger in the Aggre-

gate economy — with nearly 40% of banks failing — relative to the No Index benchmark.
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Figure 2: Financial vs. Non-financial Recessions: Benchmark Model (part 2)
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This spike in bank failures necessitates a wave of government bailouts of bank deposits,
placing a large tax burden of 8% of GDP on the population. This tax obligation depresses
borrower consumption and housing demand, leading to a larger drop in house prices rel-
ative to the benchmark. The breakdown in intermediation and risk sharing is reflected in
the upward spike in depositor consumption while at the same time borrower and inter-
mediary households have to sharply cut consumption.”®

Aggregate indexation provides a modest reduction in mortgage default in the financial
recession. Although this indexation protects borrowers from the large fall in national
house prices, it is unable to stave off the increase in defaults due to higher idiosyncratic
dispersion oy, ;. Importantly, aggregate indexation is indiscriminately targeted, providing
equal relief to the hardest-hit and relatively unaffected regions/households alike, limiting
its effects on the number of foreclosures.

The bottom half of Table 2 compares welfare and consumption outcomes across the
different indexation regimes. The increased financial fragility results in incredibly volatile

intermediary wealth (W! growth volatility goes up 1366.8%). Intermediary consump-

28In Section 5 we allow the government to fund the bailout expenditure mainly through issuing govern-
ment debt. There we confirm that these crisis dynamics do not depend on the assumption of immediate
taxation, but rather are a result of the breakdown in mortgage credit.
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Figure 3: Financial Recessions: Benchmark vs. Aggregate Model
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tion is more unconditionally more volatile (C! growth volatility goes up 392.9%), and
falls more in a financial recession. Borrower consumption growth volatility increases by
351.3%, albeit from a much lower base. These results point to a deterioration in risk
sharing between borrowers and intermediaries under aggregate indexation, further evi-
denced by a rise of 145.7% in the volatility of the log marginal utility ratio between these
types (row 29).

To assess the gains from aggregate indexation, we aggregate agents’ value functions
to obtain measures of welfare.”” Borrowers are made worse off (row 18), both because
their consumption has become more volatile (row 24) and because their consumption
is lower (row 21) for reasons explained above. Borrowers face lower house prices and
higher mortgage rates. Depositors” welfare (row 19) is essentially unchanged. Their mean
consumption (row 22) is slightly lower, mostly because they earn lower interest rates on
their savings, accumulating less wealth as a result (row 11). However, their consumption

also becomes less volatile (row 25), causing a neutral net effect.>’

P There are many ways of computing aggregate welfare in incomplete markets economies with hetero-
geneous agents. The measure we present calculates welfare per capita for each agent type, multiplies it by
the population share of each type, and sums across types.

3Depositor consumption becomes less volatile because it experiences a smaller spike in financial reces-
sions, see also Figure 3. This smaller spike is due to higher taxes that need to be raised to cover losses from
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Finally, and perhaps surprisingly, intermediary households are made better off. Inter-
mediary consumption levels increase because of the higher returns they earn on mortgage
assets and REO housing, and because of an increase in the value of banks’ default option,
allowing for very high consumption in good times but limited downside in bad times.
This positive effect on the average level of consumption outweighs the utility loss from
the massive increase in intermediary consumption volatility. All told, we obtain the inter-
esting distributional result that insuring borrower exposure to aggregate house price risk

leads bank owners to gain at the expense of both borrowers and savers.

Local Indexation. Next, we can turn to the Local economy (tp = 0,1, = 1), displayed in
the third column of Table 2, which indexes only to the local component of house values,
while ignoring the aggregate component. In practice, such a contract would be imple-
mented by subtracting an aggregate house price index from regional indexes, and then
indexing the debt of local borrowers to only the local residual. For example, during the
Great Recession house prices fell substantially more in Las Vegas than in Boston. Purely
local indexation would have implied a reduction in mortgage debt for Las Vegas borrow-
ers, but an increase in debt for Boston borrowers.

In sharp contrast to aggregate indexation, indexing mortgage debt to relative local
house prices (only) stabilizes the financial sector while substantially reducing the fre-
quency of borrower default. To begin, we can turn to Figure 4, which compares crises in
the benchmark model to crises in a model with only partial local indexation. Although
borrowers must absorb a similar fall in aggregate house prices as in the baseline, local
indexation is still largely successful at reducing foreclosures, sending targeted debt relief
to households in areas where house prices fell the most.*! Unlike in the aggregate index-
ation case, the reduction in defaults under local indexation is not accompanied by large
losses from indexation, since the (perfectly diversifiable) local shocks wash out in aggre-
gate. As a result, the rate of bank failures is lower in a crisis under local indexation, a sign
of improved financial stability.

Turning to unconditional moments in the third column of Table 2, we observe that the

average borrower default rate falls precipitously, with a reduction of nearly half relative

bank bailouts.

31For intuition, recall that the average borrower in the model, similar to the data, has typical leverage
around 66%. Thus, the typical borrower could absorb a very large fall in aggregate house prices (on the
order of the 2008 housing crash) and still remain above water. Instead, the typical defaulting borrower must
also receive an adverse local or idiosyncratic shock. Effectively indexing against these shocks is therefore a
potent force against default, even during an aggregate house price decline.
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to the benchmark. While aggregate and local indexation are roughly equally effective at
reducing default in a financial crisis, which is largely driven by aggregate house prices,
local indexation is much more effective than aggregate indexation in normal times, when
default is primarily driven by local and idiosyncratic shocks. Facing less default risk,
banks lower mortgage interest rates, pushing up house values. These higher values sup-
port increased household borrowing, raising the average stock of mortgage debt, in turn
tinanced with a larger deposit base. While banks react to this reduced risk by holding as
little capital as allowed, the required minimum is sufficient to ensure a large decrease
in the rate of bank failures. The risk-free interest rate rises slightly as the supply of
deposits expands to meet the demands of a larger intermediation sector. At the same
time, lower mortgage risk is reflected also in lower mortgage risk premia and mortgage
spreads. Overall, the banking system is both safer and larger under this contract, but

receives less compensation on a per-loan basis.

Figure 4: Financial Recessions: Benchmark vs. Local Model
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The welfare effects from local indexation are the reverse of those from aggregate index-
ation. Borrowers and depositors gain while intermediaries lose. Risk sharing in the econ-
omy improves dramatically, as the volatility of marginal utility ratios between groups
falls, especially between borrowers and intermediaries (rows 39, 40). Depositors and in-

termediaries also see large reductions in consumption growth volatility, while borrowers
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experience slightly increased volatility — albeit from a low level — due to larger housing
and mortgage positions.*?

In sum, indexation to local house price shocks is highly effective at reducing the risk
of foreclosures and financial fragility. More intermediation ensues, which makes both

borrowers and savers richer. However, banking becomes less profitable.

Regional Indexation. The fourth column of Table 2 shows results for the Regional model,
which indexes to both aggregate and local house price variation. Unsurprisingly, the
simulation means in this column mostly lie between the Aggregate and Local cases in
columns 2 and 3. While pairing local and aggregate indexation decreases the bank de-
fault rate in the Regional model relative to the Aggregate model, the destabilizing effect
of aggregate indexation is still enough to increase bank defaults relative to the No In-
dex specification. The high degree of indexation in this economy strongly reduces the
incentives to default, leading to the lowest borrower default rates among these four spec-
ifications. Nonetheless, signs of financial instability remain, particularly in the high con-
sumption and wealth growth volatilities of the intermediary. Aggregate welfare is 0.32%

higher in the Regional model relative to the No Index model.

5 Extensions

Interest vs. Principal Indexation. So far, our indexation applied both to interest pay-
ments and to principal. However, a number of the contract proposals mentioned in the
literature review envision indexing interest payments only, while leaving principal bal-
ances unchanged. These proposals are motivated by e.g., work by Fuster and Willen
(2015) and Di Maggio et al. (2017) who suggest that households respond strongly to inter-
est payment adjustments, as well as work by e.g., Ganong and Noel (2017) showing that
households barely respond to principal adjustments, at least when the latter leave them
underwater. To investigate these contracts, as well as the role of indexing each compo-
nent of the mortgage payment more generally, we run a series of experiments in which
either interest or principal payments, but not both, are indexed to house prices. The cor-

responding default thresholds are derived in Appendix C.1.

32The smaller changes in intermediary and depositor consumption during crises (top row of Figure 4)
underscore this point. Depositors earn higher interest rates under this system, while borrowers pay lower
rates on their mortgages, helping to boost the consumption of each group. In contrast, intermediary house-
holds” mean consumption falls by 2.9% as dividends from REO firms and banks decline.
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The first four columns of Table 3 contrast the No Index and Regional models with
Reg-IO and Reg-PO specifications that index only interest and principal payments, re-
spectively. Interestingly, imposing either Reg-IO or Reg-PO indexation in isolation lowers
bank default rates (0.30% and 0.31%, respectively) relative to the No Index model (0.33%),
even though applying both types of indexation simultaneously in the Regional model
substantially increases bank failures (0.50%). This points to an interesting nonlinearity,
where a moderate amount of indexation improves financial stability, while too much in-
dexation — particularly aggregate indexation — clearly harms it.

Turning to borrower default, we see that indexing principal only delivers nearly all
the default reduction in the Regional model, while indexing interest only gives up much
of these gains. The key difference is that, under fixed-rate mortgages, changes in interest
payments last only until the next loan renewal, which occurs every 6-7 years on average in
the model, while changes in principal balance will influence payments even after the loan
has been renewed. As a result, indexing principal has a much larger impact on continua-
tion costs and default decisions than indexing interest payments. By providing effective
protection from default, but shielding banks from present-value losses on interest pay-
ments, the Reg-PO model yields substantially higher levels of mortgage debt, deposits,
and house prices relative to the Regional model. In contrast, indexing interest payments
only delivers higher house prices relative to the Regional model, but no increase in debt,
due to an increase in credit spreads.

Turning to welfare, we find that, as in the Regional model, borrowers benefit in both
the Reg-IO and Reg-PO cases relative to the benchmark economy. These economies de-
liver higher average consumption to borrowers, who finance fewer bank bailouts, with-
out generating the large increase in borrower consumption volatility found in the Re-
gional model. The depositors’ value function decreases modestly relative to the bench-
mark in both cases, as lower average consumption due to higher maintenance payments
on more valuable houses outweighs the benefit of less volatile consumption.

Intermediaries still suffer large welfare losses in the Reg-IO and Reg-PO economies
relative to the No Index case. Under the Reg-IO model, a large drop in the volatility of in-
termediary wealth and consumption cannot make up for the loss of intermediation profits
due to lower spreads and fewer bailouts, results akin to those we found with local index-
ation. In Reg-PO case, intermediary wealth and consumption are actually more volatile
than in the benchmark model, while spreads are far below those of the benchmark. This

additional intermediary instability in the Reg-PO relative to the Reg-IO model is intu-
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itive, since in the former case banks absorb much larger present value changes (through

indexing the entire mortgage principal) when prices move.

Asymmetric Indexation. Many real-world SAM proposals envision reducing mortgage
payments when house prices fall but not increasing payments when prices rise. We now
introduce such asymmetric contracts in the Regional model. As before, we assume in-
dexation to aggregate and local house price components, but we now cap the maximum
upward indexation in each dimension. With asymmetric indexation, our assumption of
i.i.d. house quality shocks w;; is no longer equivalent to more realistic persistent w; ; pro-
cesses. To address this, we now model the wiL/t and wi,ut shocks as AR(1) processes for the
results below. Appendix C.2 provides details on this extension and the corresponding
optimality conditions.

Column 5 of Table 3 presents the results for the Reg-Asym case, demonstrating that
asymmetric indexation substantially alters the mortgage landscape. To begin, banks now
expect to take losses on average from indexation, since the debt relief they offer on the
downside is no longer compensated by higher debt repayments when house prices in-
crease. As a result, banks set much higher mortgage rates ex-ante, equal to 2.37% per
quarter, to compensate them for these asymmetric transfers back to the households. At
the aggregate, this has an effect very similar to shortening the amortization schedule of
the bond (reducing J), since borrowers make higher coupon payments in exchange for a
much larger effective principal reduction each period — albeit occurring largely through
indexation rather than explicit principal payments. House prices also fall, as the collat-
eral value of housing is lower under the effectively more front-loaded and therefore less
desirable asymmetric indexation contracts. Lower house prices imply lower mortgage
balances, lower deposits, and a smaller financial sector overall.

Although borrowers partially compensate for the higher mortgage rates by increasing
the average refinancing rate, the faster effective amortization of these loans leads to much
lower household leverage, as the large increase in principal forgiveness overwhelms the
higher rate of new borrowing. Lower household leverage in turn virtually eliminates de-
fault, since it now takes much larger shocks to push borrowers underwater. Nonetheless,
financial fragility is massively increased under this contract system, as the financial sec-
tor losses from indexation in bad times are no longer fully offset by increased payments
when prices rise. The total loss rate for banks is 0.91%, several times larger than in the No

Index and Regional models. Faced with this increase in losses, banks increase their eq-
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uity capital buffer modestly, but not by nearly enough to undo their additional risk. As a
result, banks fail much more frequently, laying off the increased risk largely onto taxpay-
ers. The deadweight losses from bank defaults increase by 70% relative to the symmetric
indexation case, reducing resources available for consumption. The increase in financial
fragility can also be seen in the severe increase in the volatility of intermediary wealth
and consumption, on the order of the model with aggregate indexation only.

Turning to welfare, intermediaries suffer large losses, not only due to an increase in
volatility, but also due to a drop in average consumption, as the much smaller finan-
cial system reduces intermediation income. This stands in contrast to our earlier finding
with symmetric indexation that financial fragility tends to be good for intermediaries.
Although borrower consumption becomes more volatile, borrowers are better off with
asymmetric indexation due to an increase in average consumption, largely due to a fall

in maintenance costs as house prices fall (an assumption relaxed below).*?

The aggregate
welfare gain in the Reg-Asym model is 0.73%.

Column 6 of Table 3 presents the asymmetric indexation of interest payments only
(Asym-IO), leaving the principal balance and principal payments unindexed, which ar-
guably comes closest to the real world proposals. Once again, banks anticipate substantial
net forgiveness to borrowers, causing a rise in the mortgage rate, although not as extreme
as in the Reg-Asym case. Household leverage once again falls, in part for the same rea-
sons as in the Reg-Asym case.®* All told, this lower leverage reduces mortgage defaults to
0.55% per quarter, on the order of the Regional model, but falling short of the Reg-Asym
case.

Reducing the financial sector exposure to indexation losses on principal leads to a
lower bank failure rate relative to the Reg-Asym case, but still a much higher one than
in the Reg-IO case. Similarly, the mortgage market and banking sector do not shrink as

much, nor do house prices fall as much. While borrowers gain by less than in the Reg-

3This welfare improvement is also due in part to the fact that under a lower level of steady state debt,
borrowers make lower debt service payments. As a result, this welfare comparison between two steady
states may overstate the benefits to borrowers, since it ignores the painful deleveraging period borrow-
ers must undergo to get to the new steady state. Indeed, Table 4 in Appendix C.3 shows that borrower
consumption initially falls along the transition path due to deleveraging. Nonetheless, the welfare benefit
for borrowers including the transition path, is a similar 1.76%, again largely due to a fall in maintenance
expenses under lower house values.

34This fall is strengthened by an additional and interesting force. Because interest payments are asymmet-
rically indexed, but principal payments are not, the average interest rate on loans as they age is falling. This
tends to make older loans, many of which have experienced some interest forgiveness, favorable to new
loans issued at the “full” interest rate. This pushes down the incentive to refinance, reducing the average
refinancing rate. Less frequent refinancing of loans implies a longer period of repayment and forgiveness
between renewals, leading to lower leverage.
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Asym indexation regime, intermediaries find the Asym-IO system to be even worse than
the Reg-Asym version, since it reduces intermediation profits without providing enough
volatility for intermediaries to take full advantage of their limited liability option. The

welfare gain in the Asym-IO model is 0.25%.

Government Debt. Our calibration assumes that the government raises lump-sum taxes
to fully pay for any bailout of depositors within each period. As a result, when a large
fraction of banks fail, taxes required to fund the bailout can sharply reducing borrower
and intermediary consumption, most notably in the aggregate indexation model (Figure
3). This immediate tax burden might be smaller if the government financed bailouts with
debt, potentially reducing the severity of financial recessions. To test the sensitivity of
crisis dynamics to different taxation regimes, we solve the Aggregate model with a much
higher degree of tax smoothing. We set 7, = 0.4, implying that each period, the gov-
ernment uses taxes to pay 40% of its outstanding liabilities (past debt plus expenses for
current bailouts), with the remainder funded by new debt. Figure 5 compares crisis dy-
namics in the Aggregate model in this smoothed tax specification to the Aggregate model

with immediate taxation (7, = 1).

Figure 5: Financial Recessions: Full vs. Partial Taxation for Bailout Funding (part 1)
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ation and tax smoothing. Responses are plotted in levels.
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Two main conclusions emerge. First, consumption dynamics in the crisis change with
the introduction of government debt. Second, tax smoothing is, if anything, worse for fi-
nancial fragility. Starting on the consumption side, borrower consumption falls by much
less on impact, as the tax burden is postponed further into the future. However, depos-
itor consumption is substantially reduced, as they must purchase government debt to
fund the bailout. To induce the depositors to absorb this debt, the real risk-free interest
rate, which is both the deposit rate and the yield on government debt, needs to increase
compared to the immediate-taxation model. At this higher real rate, banks issue fewer de-
posits. The quantity of deposits falls by 20% in the smooth-taxation economy, compared
to 10% in the immediate-taxation case, as government safe asset provision crowds out pri-
vate safe asset production (Azzimonti and Yared, 2018). The real rate stays elevated for 5
quarters after the initial shock, increasing banks funding cost and compressing mortgage
spreads and intermediary consumption. Banks respond to the lower supply of deposits
by cutting their lending more sharply, reducing the availability of mortgage credit to bor-
rowers, leading to a much sharper drop in house prices. At the same time, higher funding
costs reduce bank net worth, increasing the rate of bank failures.

The comparison demonstrates that the severe crisis dynamics in financial recessions
with Aggregate are not an artifact of the instantaneous taxation of borrowers and inter-
mediaries. Instead, the primary driver of the steep drop in house prices is the sharp
contraction in the size of the financial sector. This contraction is only amplified when
bailouts are funded through government debt since the higher cost of deposit funding

causes a larger decline in lending.

Liquidity Defaults. A potential concern with our approach is that in reality, many mort-
gage defaults are triggered — at least in part — by household liquidity shocks, while our
model only considers strategic default. Appendix C.4 extends the model to allow for a
combination of liquidity and strategic defaults. Households receive a liquidity shock, in
which case they sell if above water and default if under water. We also impose a util-
ity penalty for default, which discourages strategic default unless borrowers have suffi-
ciently negative home equity. In this extension, we calibrate to a 55% share of defaults
that are liquidity defaults.

Overall, the model with liquidity default generates very similar conditional and un-
conditional moments to our baseline with only strategic default. The welfare comparison

between the No Index, Aggregate, Local, and Regional economies is both qualitatively
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Figure 6: Financial Recessions: Full vs. Partial Taxation for Bailout Funding (part 2)
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Black: financial recession in aggregate indexation baseline, Blue: financial recession with aggregate index-
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and quantitatively unaffected. Although liquidity default is determined mechanically by
whether not not a borrower is above water, while strategic default is determined by a
comparison of present value costs and benefits, both are driven primarily by household
leverage, and yield similar dynamics. Generating substantially different behavior from
liquidity defaults would require a large fraction of above-water foreclosures, an assump-
tion that is not supported by the data. In short, our findings are robust to this source of

borrower defaults.

Maintenance Costs. The baseline model assumes that housing maintenance is propor-
tional to the current house price, capturing the stylized fact that residential investment
increases with house prices. Since housing maintenance is a use of resources that could
be consumed, our indexation experiments can influence consumption by changing the
level of house prices. To make sure that this assumption is not driving our main find-
ings, Appendix C.5 considers a model where housing maintenance is rebated lump-sum
to households. While our main results are largely similar, the Reg-Asym model — which
generated the largest drop in house prices — now yields a lower welfare gain than the

Regional model.
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6 Conclusion

Redesigning the mortgage market through product innovation may allow an economy to
avoid a severe foreclosure crisis like the one that hit the U.S. economy in 2008-2010. To
this end, we study the implications of indexing mortgage payments to aggregate or local
house prices in a general equilibrium model with incomplete risk-sharing, costly default,
and a rich intermediation sector.

A key finding is that indexing mortgage debt to aggregate house prices may increase
financial fragility. Inflicting large losses on highly-levered lenders in bad states of the
world can cause systemic risk (high bank failure rates), costly taxpayer-financed bailouts,
larger house price declines, and higher risk premia on mortgages, all of which ultimately
hurt the borrowers the indexation was intended to help. Moreover, aggregate indexation
redistributes wealth from borrowers and depositors towards bank owners, since a more
fragile banking business also is a more profitable banking business. In sharp contrast, in-
dexation of cross-sectional local house price risk is highly effective at reducing mortgage
defaults and financial fragility. It increases welfare for borrowers and depositors, while
reducing it for intermediaries, as mortgage banking becomes safer but less profitable.

Recent proposals have emphasized indexation of interest payments but not principal,
and envision only downward payment adjustments. We find that implementing such
contracts would result in modest aggregate welfare gains, with borrowers and depositors
gaining and intermediaries losing. The switch would lead to a substantial reduction in
mortgage defaults, but a lower overall level of mortgage credit. Our results show that
mortgage indexation in a world where intermediaries have limited liability can have im-

portant general equilibrium effects and must be designed carefully.
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Table 2: Results: Main Indexation Experiments

No Index Aggregate Local Regional
Borrower
1. Housing Capital 0.456 0.456 0.462 0.463
2. Refi rate 3.84% 3.81% 3.77% 3.74%
3. Default rate 0.95% 0.92% 0.49% 0.47%
4. Household leverage 64.41% 64.30%  65.79%  65.80%
5. Mortgage debt to income 259.59%  252.53% 274.88% 267.74%
6. Loss-given-default rate 38.61%  37.54%  38.03% 37.21%
7. Loss Rate 0.40% 0.39% 0.20% 0.20%
Intermediary
8. Bank equity ratio 7.09% 7.33% 713%  7.25%
9. Bank default rate 0.33% 0.84% 0.22% 0.50%
10. DWL of bank defaults 0.07% 0.16% 0.05% 0.10%
11. Deposits 2.454 2.381 2.599 2.526
Prices
12. House Price 8.842 8.595 9.042 8.784
13. Risk-free rate 0.71% 0.66% 0.74% 0.75%
14. Mortgage Rate 1.46% 1.54% 1.30%  1.35%
15. Credit spread 0.75% 0.87% 0.56% 0.60%
16. Mortgage Expec. Excess Ret  0.34% 0.49% 0.35%  0.40%
Welfare
17. Aggregate welfare 0.821 +0.17%  +0.06%  +0.32%
18. Value function, B 0.379 -0.57%  +0.43% +0.27%
19. Value function, D 0.374 -0.07%  +0.07% +0.47%
20. Value function, I 0.068 +5.66% -2.11% -0.21%
Consumption and Risk-sharing

21. Consumption, B 0.359 -0.3% +0.3% +0.1%
22. Consumption, D 0.372 -0.6% +0.1% +0.3%
23. Consumption, I 0.068 +6.1% -2.9% -0.4%
24. Consumption gr vol, B 0.42%  +351.3% +15.9% +189.0%
25. Consumption gr vol, D 1.11% -10.4% -26.5%  -15.4%
26. Consumption gr vol, I 447%  +3929% -54.1% +282.5%
27. Wealth gr vol, I 0.035 +1366.8% -1.8%  +679.3%
28. log (MU B / MU D) vol 0.025 -4.6% -104%  -21.5%
29.log MU B / MU ) vol 0.061 +145.7%  -36.8% +101.8%

The table reports averages from a long simulation (10,000 periods) of the benchmark model (first column), a
model with full indexation of mortgage payments to aggregate house prices (second column), a model with
indexation to relative local prices (third column), and a model with both aggregate and local indexation
(fourth column). Rows 17-29 calculate percentage differences relative to the benchmark model in columns

2-4. All flow variables are quarterly.
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Table 3: Results: Alternative Indexation Schemes

No Index Regional Reg-IO Reg-PO Reg-Asym Asym-IO

Borrower
1. Housing Capital 0.456 0.463 0458  0.463 0.468 0.461
2. Refi rate 3.84% 3.74%  3.84%  3.76% 4.42% 3.56%
3. Default rate 0.95% 047%  0.80%  0.49% 0.12% 0.55%
4. Household leverage 64.41%  65.80% 65.09% 65.63%  58.35% 62.85%
5. Mortgage debt to income 259.59% 267.74% 261.60% 270.80% 231.85%  260.24%
6. Loss-given-default rate 38.61%  37.21% 39.98% 39.67%  33.83%  30.44%
7. Loss Rate 0.40% 020%  0.32%  0.20% 0.91% 0.35%
Intermediary
8. Bank equity ratio 7.09% 7.25%  715%  7.16% 7.33% 6.92%
9. Bank default rate 0.33% 0.50%  0.30%  0.31% 0.94% 0.34%
10. DWL of bank defaults 0.07% 0.10%  0.06%  0.07% 0.16% 0.07%
11. Deposits 2.454 2.526 2484 2553 2.196 2.373
Prices
12. House Price 8.842 8.784 8.806  8.900 8.488 8.663
13. Risk-free rate 0.71% 0.75%  0.74%  0.74% 0.75% 0.77%
14. Mortgage Rate 1.46% 1.35%  1.41%  1.32% 2.37% 1.56%
15. Credit spread 0.75% 0.60%  0.70%  0.58% 1.62% 0.79%
16. Mortgage Expec. Excess Ret  0.34% 0.40%  0.35%  0.38% 0.49% 0.35%
Welfare
17. Aggregate welfare 0.821 +0.32% +0.20% +0.18%  +0.73%  +0.25%
18. Value function, B 0.379 +0.27% +0.30% +0.33%  +1.85% +0.53%
19. Value function, D 0.374 +0.47% +0.25% +0.21%  +0.07%  +0.37%
20. Value function, I 0.068 -021%  -0.61% -0.75%  -1.91% -2.02%
Consumption and Risk-sharing

21. Consumption, B 0.359 +0.1% +0.1%  +0.3% +1.9% +0.5%
22. Consumption, D 0.372 +0.3% +0.3%  +0.2% +0.0% +0.4%
23. Consumption, I 0.068 -04%  -1.1%  -1.7% -1.6% -2.9%
24. Consumption gr vol, B 0.42%  +189.0% -14.4% +14.0% +393.6%  +0.5%
25. Consumption gr vol, D 1.11% -15.4% -6.6% -14.6% -25.2% -14.2%
26. Consumption gr vol, I 447%  +282.5% +21% +130.8% +332.9%  -18.7%
27. Wealth gr vol, I 0.035  +679.3% -2.6% +286.4% +1435.6% +12.2%
28. log (MU B / MU D) vol 0.025 -21.5%  -5.8%  -33.7%  +11.9% -10.2%
29.log MU B / MU ) vol 0.061 +101.8% -7.7% +51.0% +104.2%  -20.5%

The table reports averages from a long simulation (10,000 periods) of the benchmark model (first column),
a model with regional indexation (second column), a model with regional interest indexation only (third
column), a model with regional principal indexation only (fourth column), a model with regional asym-
metric indexation (fifth column), and a model with regional asymmetric interest indexation only (sixth
column). Rows 17-29 calculate percentage differences relative to the benchmark model in columns 2-6. All
flow variables are quarterly. 49
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A Model Derivations

A.1 Derivation of Bank FOCs

First, starting from the value function in (24), we can define a value function net of the

idiosyncratic profit shock
VIW, 1) = Vap (Wi, S) + e

such that we can equivalently write the optimization problem of the non-defaulting bank

after the default decision as

VIOV, S = max W g+ Br AL max { VIO, SL) — el 1,0}, 39)

« o1l A1 gl
Ly,M;,A; By 4

subject to the same set of constraints as the original problem. We can now take the expec-

tation with respect to €/ of the term in the expectation operator

Ee [max {VI(WtIHrStIH) - €{+110H
= Probe <€f+1 < VI(WtI+1'StI+1)> e [VI(WtI+1/8tI+1) —efyr el < VI(WtI+1'S1fI+1)]

=F! <VI(WtI+1/StI+1)> (VI(W1?1+1/8tI+1) - efﬁ) , (34)

th el Il Wl Sl
with ey = Ee [e;4 [ €1 < VIWy, Sty

gives the value function in (26) in the main text.

)] as in the main text. Inserting (34) into (33)

To derive the first-order conditions for the bank problem, we formulate the Lagrangian

EI(WtIIStI) = pmax o th - ]tl + E; [A{,tﬂ Fel (VI(WtIHrStIH)) (VI(WtIJrl/StIH) - 6t1+_1>]
Lt’M[’At’Bt+1’/\t
+ AL (¢ (ol AL+ g Ml —BLL,) ). (35)

and further conjecture that
VWL, 8/) = W/ +C(S}), (36)

where C(S}) is a function of the aggregate state variables but not bank net worth.
Before differentiating (35) to obtain first-order conditions, note that the derivative of

the term in the expectation operator with respect to future wealth, after substituting in
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this guess, is

0 _
WFeI (th+1 + C(Stl+1)> (th+1 +C(Shy) - etI:H)
t41
J Wt1+1+c(8t1+1)
=i |F (Wha+cst) (Wha+eskn) - [ ef(e) de

= FeI <Wt1+1 + C(Stlﬂ)) .

Using this result, and differentiating with respect to L}, M!, A, Bl , and A! respec-

t4+17
tively, gives the first-order conditions
1=qgM+rigf, (37)
y E; {A{+1F€I/t+1ﬁ_1€p,t+l [Xt—i—l + Zm 11 ((1 —0) +0ZR 141+ 9(1 — ZR,t—i—l)q%_l))] }
"o (1—¢'AD) ’
(38)
L E {A{+1Fg,t+17_f_1€p,t+1 [ZA,t—I-l (1 +6(1- ZR,H—l)qﬁ,tJrl)} } 39
qt - (1 _ (PI/\{) s ( )
al = [AtI—HFeI,H—lﬁ_l} + AL, (40)

and the usual complementary slackness condition for A!. Recalling the definition of J! as
JE= (= rigf — gL +qf Al + g NI} — 4] B,

we note that the term in front of L} is zero due to FOC (37), and we can substitute out
prices qf/f, q{‘, and q{ from FOCs (38)-(40), both in | tI and in the constraint term in (35).
Further inserting our guess from (36) on the left-hand side of (35), and canceling and

collecting terms, we get

C(Sh) =B [Ala (Wl + 0S8l (e(8h) —efia)] (41)

which confirms the conjecture. C(S/) is the recursively defined value of the bankruptcy

option to the bank. Note that without the option to default, one gets

I/_ J— I J—
€/ 1 = Ee [etﬂ} =0.
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Then the equation in (41) implies that C(S/) = 0 and thus VI(W/,S!) = W]. However, if
the bank has the option to default, its value generally exceeds its financial wealth W/ by

the bankruptcy option value C(S}).

A.2 Aggregation of Intermediary Problem

Before aggregating across loans, we must treat the distribution over m;(r), the start-of-
period balance of a loan with interest rate 7, as a state variable. In addition, the inter-
mediary can freely choose her end-of-period holdings of these loans 7i;(r) by trading in
the secondary market at price 4" (r). In this case, the intermediary’s problem is to choose

nondurable consumption C/, new debt issuance L}, new deposits B!, ;, new REO invest-

t+17
ment IREO, and end-of-period loan holdings 7i;(r) to maximize (2) subject to the budget

constraint

cl=(1-1)Y + / |Xi + Zagr + Zwae (1= 6) +0Zgy ) | ma(r) dr — (1= g () L;
N e’ J (. J/

disp. income N g t debt
P payments on existing debt netnewde

+g{BtI+1 1Bt /Qt —0(1 = Zrt) Zpm,pme (7 )} dr ()

net dep051ts

secondary market trades
REO REO REO REO REO I
+ [pt + (S —v ) pt] K =pi [ - XtAt]

REO income REO mvestment

and the leverage constraint
g B < M / g (r) dr + §REO pREO RREO
with the laws of motion

M1 (r) = Gy pyamie(r)
KR = (1= SREOYKFFO + (1 — Zy ) KY

and where the recovery rate X; is defined as before. From the optimality condition for

end-of-period holdings for loans with a given interest rate 17;(), we obtain

E; {AtHN W1 | Xes1 + Zagar + Zmpsa ((1 —0)+0Zgpp1+6(1— ZR,t+1)‘1T+1(r)>] }

m
qt (1")— 1_/\£4)M
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where A! is the multiplier on the intermediary’s leverage constraint. To obtain aggrega-
tion, we can split g;(r) into an interest-only strip with value g™ and a principal-only strip
with value g7}, so that

ar'(r) =raf + "

Substituting into the equilibrium condition for g}"(r) verifies the conjecture and yields

K {A{—HY%I [Xt+1 T ZMp+1 ((1 —0) +0Zpp+1+6(1— ZR,t+1)5Iﬁ1>} }

g =
t 1—AjpM

gl = E {A{ Y Zapin [140(1 = Zrisn)qli] }
[ .

1—AlgM

Importantly, due to our assumption on the prepayment behavior of borrowers (ensur-
ing a constant Zg ; across the r distribution), the prices g{* and g™ are independent of r.

Substituting into the budget constraint, and applying the identities
M} = / my(r) dr
Al = /rmt(r) dr

now yields the aggregated budget constraint (15) and leverage constraint (21).

B Model Solution

Borrower Optimality. The optimality condition for new mortgage debt,
1=Opms+1Qas+ 27,

equalizes the benefit of taking on additional debt — $1 today — to the cost of carrying
more debt in the future, both in terms of carrying more principal ((2;) and higher inter-
est payments ()4 ), plus the shadow cost of tightening the LTV constraint. The marginal

continuation costs are defined recursively:

QO = Ey {AtB+17_T71§p,t+1ZM,t+1 [(1 —0) +0Zp 1 +0(1— ZR,t—&-l)QM,H-l} }

Qup = E; {AtB+1 A i1 Z a1 [(1 —7)+6(1- ZR,H—l)QA,tJrl} }
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where an extra unit of principal requires a payment of (1 — ¢) in the case of non-default,
plus payment of the face value of prepaid debt, plus the continuation cost of non-prepaid
debt. An extra promised payment requires a tax-deductible payment on non-defaulted
debt plus the continuation cost if the debt is not prepaid.

The optimality condition for housing services consumption sets the rental rate to be

the marginal rate of substitution between housing services and nondurables:

(i) )
Pt = =\7= B
uc, 1-¢/) \H,

The borrower’s optimality condition for new housing capital is:

lEt{AfH [Pt—i—l + ZKi11Pi41 (1 —vK—(1- ZR,t+1)AtL+T¥<PK>] }
1— A,ELTVCPK

pt =

The numerator represents the present value of holding an extra unit of housing next pe-
riod: the rental service flow, plus the continuation value of the housing if the borrower
chooses not to default, net of the maintenance cost. The continuation value needs to be
adjusted by (1 — ZR,tH))LtLIY ¢ because if the borrower does not choose to refinance,
which occurs with probability 1 — Zg 411, then she does not use the unit of housing to
collateralize a new loan, and therefore does not receive the collateral benefit.

The optimal refinancing rate is:

0Zym M *
Zry =Ted (1= Opmy —7Qay) (1— 2D ) 4 Quap (7 —17)
~ ~ ”  interest rate incentive

equity extraction incentive

ZnKF — Zx KB
- Pt)\tLTV(PK ( 2% Zt Mf’t t ) }
o N, 1Vl g

collateral expense

(43)

where 7; = AP/M?P is the average interest rate on existing debt. The “equity extraction
incentive” term represents the net gain from obtaining additional debt at the existing in-
terest rate, while “interest rate incentive” term represents the gain from moving from the
existing to new interest rate. The stronger these incentives, the higher the refinancing
rate. The “collateral expense” term arises because housing trades at a premium relative

to the present value of its housing service flow due to its collateral value. If the borrower
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intends to obtain new debt by buying more housing collateral, the cost of paying this
premium must be taken into account.
The optimality condition for the default rate pins down the default threshold @! as a

function of the aggregate state, as well as the value of the local component (w?,):

(W) (QarAt + QumiM:)
wi,t QK,th

where Q4+ and Q)+ are the marginal benefits of discharging interest payments and prin-

cipal, respectively, and Qg is the marginal continuation value of housing, defined by

Qar= ([1—1) +0(1—-Zrs)Qay (45)
current payment Continu;?ion cost
Qmt = (6Zpt+ (1 =06)) +0(1 = Zr1) Qe (46)
current payment continuggion cost
Que = | Zry +(1=2Zrs) (1= AFTV¢5) — 5 | 47)
refi case N ”  maint.

no refi case

Equation (44) relates the benefit of defaulting on debt, which is eliminating both the cur-

L
it

a marginal unit of housing, which has been scaled by both W,'Ift and wlut The marginal

rent payment and continuation cost, potentially indexed by w;,, against the cost of losing

value of housing Qg is equal to the full market price p; net of maintenance if used to
collateralize a new loan (i.e., if the borrower refinances) but is worth less if the borrower

does not refinance next period due to the loss of collateral services.

Intermediary Optimality. The optimality condition for new debt L* is:
* A
1=q" +riqf,

which balances the cost of issuing new debt, $1 today, against the value of the loan ob-
tained, 1 unit of PO strip plus r; units of the IO strip. The condition implies that the first
term in (20) is zero.

The optimality condition for deposits is:

q{ = E; A{+1Fg,t+17_f71 +Af
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where Al is the multiplier on the intermediary’s leverage constraint (21). The default

option, represented by the Fel,t n

valuation of risk-free debt by intermediary households, E; [A{ +1 7%’1] , and that of banks.

; term in the expectation, drives a wedge between the

The optimality conditions for PO and IO strip holdings pin down their prices:

M Bt {A{+1Pg,t+1ﬁ_1§p,t+l [Xt—i-l + Zmp1 ((1 —6) +0Zp1+0(1— ZR,t+1)q]{\-/|I-1)>] }
"o (1= ¢a]

s E; {A{+1Fel,t+17_f*1§p,t+l [ZA,tH (1 +0(1— ZR,t+1>£/f+1)} }

"o (1= 92D |

Both securities issue cash flows that are nominal (discounted by inflation) and indexed
to house prices (discounted by {;+11). Both securities can also be used to collateralize
deposits, leading to the collateral premia in the denominators. The IO strip’s next-period
payoff is equal to $1 for loans that do not default, with a continuation value of qﬁrl for
loans that do not prepay or mature. The PO strip’s next-period payoff is the recovery
value for defaulting debt X;; plus the payoff from loans that do not default: the principal
payment 1 — §, plus the face value of prepaying debt, plus the continuation value qﬁl for
loans that do not mature or prepay.

The optimality condition for REO housing is:

piEO = E, {A{—&—l [Ptﬂ —vROp g + SRFOp g+ (1 SREO)PE{)} } :

The right-hand side is the present discounted value of holding a unit of REO housing
next period. This term is in turn made up of the rent charged to borrowers, the mainte-
nance cost, and the value of the housing next period, both the portion sold back to the

borrowers, and the portion kept in the REO state.

Depositor Optimality. The depositor’s sole optimality condition for deposits, which are

nominal contracts, ensures that the depositor’s Euler equation is at an interior solution:

‘1{ = E; [AtD—H ﬁ_l} -
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C Online Appendix: Model Extensions

C.1 IO/PO Indexation

The default thresholds with interest-only (IO) and principal-only (PO) mortgage payment

indexation are given by:

At + (wh,)k M
Interest Only : off = Qarhi T (w5) gM't :
w1 Qr Ky

L\t
WE ) Qa As + QuiM
Principal Only : ! :( i) QLA,t t gM,t t
wi,tQK,tPth

which are identical to (44) with the exception that only one component or the other in
the numerator is indexed, but not both. Additionally, Z;; is replaced by Zy ; and {; is
replaced by 1 when scaling principal balances in the interest-only case. Symmetrically,
Za; is replaced by Zy ¢ and {;+ is replaced by 1 when scaling interest payments A; in the

interest-only case.

C.2 Asymmetric Indexation

Under asymmetric indexation, we now need to switch from i.i.d. to persistent processes
for the w; ; terms. When default is symmetric, the influence of local indexation occurs only
through default, which depends on overall cross-sectional dispersion, not the specific
innovations themselves. However, under asymmetric indexation the average loss that
the bank takes depends on the volatility of the innovation, not on the overall dispersion.
To accommodate this, we now allow the w;; components to follow independent AR(1)

processes in logs
g
log ‘UiL,t =(1- Pw)Vgu,t + pw log wiL,t—l + (L) €iLt, eiL,t ~ N(0,«) (48)

iy
log wi,ut =(1- pw)yg,t + pw log wg_l + (LZ) el-,ut, e}/lt ~N(0,1—a) (49)
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where the shocks eiLt and eiut are uncorrelated and account for « and 1 — « of the cross-

sectional variance of w; ;, respectively. The means u! , and !, are set to

1 aog, u 10— )0z
yw,t 21_pw/ }/lw,t 2 1_pw

so that the cross-sectional average of each component w!, and w! is unity at each date.

To ensure that the cross-sectional variance is always equal to ¢7, ,, we assume that at the

start of a recession, (48) and (49) receive special additional innovations él-Lt and éiut, where
=2 =2 =2 =2
051 — 0 051 — 0
ek ~ N (0,0~ 20 el ~N(0,(1—a)- 220
1- Pw ’ 1- Pw

These shocks are reversed at the end of the financial recession, and are re-drawn in each
financial recession.

Under asymmetric indexation, equations (6) and (7) become:

L
. pt \" s }
=min<{ [ — | ,
pt { (Pt—l) S
wk "
gw,t(wiL,t—lrwiL,t) = min { <—le't > / Cw
i,t—1

As a result, the default threshold is now defined by

min {wh, Cowhy 1 } (QasAs+ QuiMy)

L B
wi,tQK,th

wt:

which, all else equal, weakly lowers the default threshold since local indexation terms
become more generous when local house price growth is high. For our asymmetric in-
dexation experiments, we set {, = {,, = 1, implying that mortgages are never indexed
upward, but only downward.

We calibrate the parameter p,, to 0.977 based on FHFA MSA-level house price indices,
as discussed in Section 3.

For the quantity of housing retained by the borrower, the only update needed is an

extra integral to account for the dependence of @!! on both the lagged value of the local
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component and its innovation:

Zis = / / ( / ’ _uwi’utdl“glt> whdrt dart, .
wi,t>“)t

Finally, the quantity of debt retained by the borrowers needs to be updated both for this
change in the dependence of @, as well as the cap on how much debt can be upwardly

indexed:

Imp = Zar = // (1 - rg,t (‘Dy(wiL,t—lfeiL,t)» (wiL,t)lw dl"eL,t drg),t—l

) N—

-

remove defaulters indexation

In the case of interest-only asymmetric indexation, Zx;, Z4;, and Zy; are computed as
above, Zy1 s = Zn, and {p is replaced by 1 in the transition equation for principal bal-
ances MP.

For all asymmetric cases, to maintain tractability, we account for updates to the aver-
age level of debt indexation through adjustments to Z 4 ; and Z;; due to this asymmetry,
but maintain the assumption — now only approximate — that the unconditional distri-
bution of indexation still follows the same log-normal distribution around this mean.

The asymmetric IO-indexation case features the default threshold

o min{wh, Cowky 1} QarAr+ QuMy

t = L B
w;, Q¢ K

7

which lies in between the Reg-1O and Reg-Asym models.

C.3 Transition Path Results

Table 4 shows the change in variables in the first period of transition on the path between
the “No Index” steady state, and the steady state of an alternative model. This is particu-
larly useful since the value functions will measure the total welfare change including the

entire transition path to the new steady state.

C.4 Liquidity Defaults

This section considers a model extension where defaults are driven by both liquidity con-

cerns (the need to stop making mortgage payments) and strategic motives.
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Table 4: Transition Path Impacts (Alternative Indexation Schemes)

No Index Regional Reg-IO Reg-PO Reg-Asym Asym-10

Welfare and Consumption

Welfare 0.821 +0.61% +0.36% +0.51%  +0.90%  +0.28%
Value function, B 0.379 +0.68% +0.61% +0.83%  +1.76%  +0.36%
Value function, D 0374  +0.54% +0.34% +0.28% +0.11%  +0.47%
Value function, I 0.068 +0.53% -0.95% -0.03%  +0.51% -1.25%
Consumption, B 0.359 +0.50% +0.78% +1.11%  -1.00% -0.18%
Consumption, D 0.372 +0.82% +1.49% +0.32%  +0.47%  +2.42%
Consumption, I 0.068 +4.63% -1.09% +3.00% +18.26%  +0.35%
Housing and Mortgage Market
Deposits 2454  +598% +5.84% +6.52%  -8.34%  +3.79%
House Price 8.842  +2.30% +2.58% +3.55% -211%  +0.73%
Mortgage debt to income  2.596 +4.76% +4.76% +4.76%  +4.76%  +4.76%
Mortgage rate 1.46 -0.04% -0.05% -0.07%  +0.80%  +0.06%
Refi Rate 3.84 -0.00% +0.07% +0.10%  -0.82% -0.15%
Loss Rate 0.40 -0.33% -0.24% -0.33%  +042%  -0.11%
Bank default rate 0.33 -0.24% -0.19% -0.21%  -0.29% -0.20%

The table reports the initial change following a surprise switch from the baseline mortgage contract (“no
index”) to an alternative contract. Each transition path is computed from a random starting point simulated
from the stationary distribution of the benchmark model. All flow variables are quarterly.

Model To allow for liquidity defaults, assume that fraction 6 of borrowers are hit by
liquidity shocks in each period. After being hit with the shock, borrowers have the choice
of whether to sell the house or to default. We assume that borrowers hit with the liquidity
shock only default if they are under water.

Define the wi,ut threshold for default conditional on receiving a liquidity shock as

_ULig

@; /. The choice between selling the house and defaulting implies:

: L 7 L
@U,Liq B Im {mm (wi,t,gwwi’tq) } M;
it L K
wilt(l — vK) Ky

where Zy{x} is equal to x if the principal is indexed, and is equal to 1 if the principal is
not indexed.

Conditional on receiving a liquidity shock, we have (using the general w;; notation
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from Section C.2):

ZHn — //r @ )) ATyl 1

zit= [ [T, (1= @t drtart,

ZH / / / i, gdrg,tdrétdfé,t_l

2t | /r (1- —”L“f( 1)) Tn(wh) drl,drl,
it = [ [l (1- @l (") Za(wh)drkarl,

For strategic default, we introduce an extra cost to the borrower of losing his or her
home, equal to 7% of the value of the home. This allows us to capture the observation
that borrowers do not tend to strategically default until they are well under water. In this

case, the strategic default threshold becomes:

st IM {min (wiL,t, g_wwiL/t_1> } QmiMP + T, {min (wiL’t,éwwiL’t_l) } Qu AP
@;
it (1+ WB)wiL,tQK,fKF

where the Q terms are defined as above. Given this threshold, the corresponding Z5tr
values can be computed by replacing Lig with Str above.

Total default rates are the weighted average of liquidity and strategic default rates
with weights 6 and 1 — . More generally, the Z variables can now be computed as fol-
lows:

Zny = 0Zy 0+ (1-0)Z30,

which holds assuming that the liquidity default threshold is always strictly above the
strategic default threshold, i.e., no households receiving liquidity shocks that do not lig-
uidity default would choose to strategically default.
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The borrower’s budget constraint becomes:

CP = (1= D)YP + Zry (ZnsM; = 6ZaiaMF) = (1= 8)ZuasMF — (1= 7)Z 4 Af
—_— /- ~— _ @ P

principal payment interest payment

~\~

net new borrowing

— Pt | ZRaZnaKS + (VS = Zre ) ZiiKE| — i (HF — KP)

disp. income

(50)
ownedzousing rental housing
W B B B
— (Y(Zrt) — ¥t) ZnsM] — 117 (1 — Zi 1) piKy — Rebatey — T,
net transaction costs foreclosure costs lump sum taxes

We rebate the utility cost from foreclosure lump-sum.

Finally, we allow borrowers to internalize the effect of their housing and debt deci-
sions on the probability of liquidity default. Since the liquidity default threshold is me-
chanical, unlike the strategic default threshold which is optimally chosen, the envelope
theorem does not apply, and the response of the liquidity default probability will enter
the borrower’s optimality conditions.

To aid notation, define A% = QBZIL\Z / dx for a given variable x and superscript M, and

define Af,(i? to be the derivative of the budget constraint with respect to x;. Then we have:

MRS = Zry (AN M; — SAMME ) — (1= )AUME — (1 - 7)A% AT

— pt [ZR,tA;\,]th + (WK - ZR,t)AIxithB} — (Y(Zgy) — ¥4) ANtMt + WBAxtPth

where
571 _U,Lig

Jdw
Dt _ Uqu it
ox _//fwt )>

9z U aw”“
axlt: //fwt I )) a ary; drcLu,t—l

aZLiq @ U qu

Kt / / Uqu
ox
j _U,Lig

9z UL 0w,

a]:/t = //fwt lq )) #IM(WLMH—‘ drwt 1
9z i daw

WJ: //fwt 1 )) 5; Ta(w )dretdrwt 1-

drk,drl, |

ard , drt ark, |
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The derivatives of the threshold cDiLi’Liq with respect to the state variables are

_U,Li : L 7 L

oK? wiypiK
aa)i’ut,Liq Tum {min (wiL,t, gwwiL,t—l) }
oMP wypiKs
aa)ilut,Liq 0
0AP

which captures the fact that only principal balance and not promised interest payments
influence liquidity default.

The first-order condition for housing becomes:

E; {AFH [Pt + AESH — (1= Zre+ 1)1 i1 + Zippape (1 —vE = (1 - ZR,t—I—l)/\tL-ﬂ/(PK)} }
pt = 1 ATV K :

The marginal continuation cost of debt becomes:

Qe = E; {Ai—lﬁ"ilgp,t—i—lZM,t—&-l [Az]fdc,tﬁ +(1—=0) +06Zg 41+ (1 — ZR,t—l—l)QM,t—H} } -

Since the liquidity default threshold does not depend directly on interest payments, there

is no additional adjustment required for the continuation cost of interest payments, ()4 ;.

Calibration We calibrate 0 = .175 and y#p = .04 to (i) match the overall default rate to
that in the data (and in the baseline model with only strategic defaults, which matches the
data), and (ii) to generate a fraction of liquidity defaults of 55%. While it is difficult to find
a precise target for the fraction of liquidity defaults, most economists agree that a majority
of defaults in the financial crisis were of the liquidity default type (Foote, Gerardi, and
Willen, 2008). Still, there was a non-trivial fraction of strategic defaults (Keys et al., 2012),
and recent evidence from investors further bolsters the case for a substantial strategic
default share (Foote, Loewenstein, Nosal, and Willen, 2018). The calibration captures the
observation that some households do not strategically default until they are well under
water (Guiso, Sapienza, and Zingales, 2013). All other parameters are kept at the values

of the model in the main text.
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Results Table 5 shows the results for prices, quantities, and welfare of the model that
allows for liquidity defaults. For ease of comparison, the first column repeats the No
Index case in the baseline model with only strategic defaults. There are two key findings.
First, the No Index cases without and with liquidity default are very similar (columns 1
and 2). The only small difference is that house prices are slightly higher in the model with
liquidity defaults, with a commensurate increase in mortgage balances and deposits. This
is mostly due to borrowers internalizing that accumulating more housing reduces their
probability of liquidity default, increasing the marginal value of housing — an alternative
model in which borrowers ignore this internalization (not shown) delivers results almost
indistinguishable from the baseline.

To understand this near-equivalence, recall that the key differences between liquidity
and strategic default is that liquidity default depends only on principal balance, not on
promised interest payments, and that the liquidity default threshold is mechanical, while
the strategic default threshold optimally depends on the continuation costs Q4 ¢, Qa1 ¢, Qxk ¢
defined in equations (45) - (47). First, as in the discussion on I0/PO indexation, ignor-
ing the continuation costs of promised interest payments has only a small effect because
changes in promised interest payments only matter until the next loan renewal, weaken-
ing their impact. Second, as a quantitative matter, the endogenous effects on the Q terms
largely cancel out, meaning that the optimal strategic threshold co-moves closely with the
mechanical liquidity threshold.

Turning to welfare, the headline welfare changes from Aggregate, Local, and Regional
compared to No Index are quantitatively similar in the model with liquidity default, com-
pared to the baseline model without liquidity defaults. Like in the model without liquid-
ity default, the model with liquidity default obtains the largest welfare gain from regional
asymmetric indexation. The winners and losers in each policy experiment are the same,

and the magnitude of the gains and losses is similar.

C.5 Rebating Housing Maintenance

In the baseline model, housing maintenance (residential investment) moves with house
prices and affects resources available for consumption. Since house prices are endoge-
nous, different indexation regimes lead to house prices, and therefore different amounts
of resources available for consumption. As a result, indexation regimes that increase
house prices will impose a welfare cost through an increase in housing maintenance ex-

penses. As a robustness exercise, we change this assumption, and instead rebate housing
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maintenance costs in lump-sum fashion in households” budget constraints. All parame-
ters are the same as in the baseline model.

Table 6 shows the results for prices, quantities, and welfare of the model that rebates
maintenance expenses. The first two columns compare the No Index cases for the base-
line model and the model where maintenance is rebated. The model with maintenance
rebates has higher house prices than the baseline, due to the fact that higher nondurable
consumption increases the marginal utility of housing services. Higher house prices sup-
port larger amounts of mortgage debt-to-income, and a larger banking sector (deposits).
Deposits are not only larger, but also more volatile. Thus, the model with rebating fea-
tures increased depositor consumption growth volatility, since depositors need to accom-
modate greater fluctuations in deposit supply from banks as the banking sector contracts
during crises and the expands again in the recovery. A more volatile risk-free rate is re-
quired to induce these greater depositor consumption swings. In particular, a sharper
drop in the rate during financial crises is necessary in equilibrium to achieve a larger con-
sumption spike for depositors as constrained banks cut the deposit supply. As a result,
the average level of the risk-free rate is lower. Mortgage rates are slightly lower as well,
largely due to the fall in the risk-free rate.

The welfare gains of indexation schemes (relative to the no indexation case) are sim-
ilar in the model with maintenance rebates and the baseline model without rebates. The
winners and losers of aggregate, local, and regional indexation are the same, and so are
the magnitudes of the gains and losses. With symmetric local indexation, the borrowers
gain more (+1.11% vs. +0.43%) and the intermediaries do not lose as much (-1.16% vs.
-2.11%) with rebate maintenance, leading to a larger gain from local indexation (+0.43%
vs. +0.06%). The same finding holds for the Regional case (+0.59% vs. +0.32% with-
out rebates). The Reg-Asym model has a substantially smaller gain of +0.24% relative
to No Index, compared to a gain of +0.73% in the baseline model without rebates. This
shows that a large share of the original welfare gain from asymmetric regional indexation
stemmed from lower maintenance costs, as this scheme substantially lowers house prices

compared to the No Index case.
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Table 5: Results: Liquidity Default

Baseline Model with Liquidity Defaults
No Index No Index Aggregate Local Regional Reg-Asym
Borrower
1. Housing Capital 0.456 0.455 0.455 0.461 0.462 0.469
2. Refi rate 3.84% 3.83% 3.82% 3.77%  3.78% 4.42%
3. Default rate 0.95% 0.99% 0.96% 0.55%  0.49% 0.08%
4. Household leverage 64.41%  64.50%  64.47%  65.80% 65.77%  58.83%
5. Mortgage debt to income 259.59% 264.80%  262.73% 280.24% 281.87%  232.74%
6. Loss-given-default rate 38.61%  36.70%  35.45%  35.12% 35.04%  35.56%
7. Loss Rate 0.40% 0.40% 0.38% 021%  0.19% 0.90%
Intermediary
8. Bank equity ratio 7.09% 7.10% 7.35% 710%  7.17% 7.52%
9. Bank default rate 0.33% 0.29% 0.80% 0.19%  0.30% 0.38%
10. DWL of bank defaults 0.07% 0.06% 0.16% 0.04%  0.07% 0.07%
11. Deposits 2.454 2.503 2.477 2.650 2.661 2.203
Prices
12. House Price 8.842 9.027 8.934 9.239 9.267 8.442
13. Risk-free rate 0.71% 0.73% 0.69% 0.75%  0.70% 0.96%
14. Mortgage Rate 1.46% 1.48% 1.54% 1.31%  1.29% 2.50%
15. Credit spread 0.75% 0.75% 0.85% 0.56%  0.59% 1.54%
16. Mortgage Expec. Excess Ret  0.34% 0.34% 0.46% 0.35%  0.39% 0.46%
Welfare
17. Aggregate welfare 0.821 0.820 +0.13%  +0.08% +0.03%  +0.53%
18. Value function, B 0.379 0.378 -0.55%  +0.47% +0.16%  +1.61%
19. Value function, D 0.374 0.374 -0.04%  +0.07% -0.08% +0.29%
20. Value function, I 0.068 0.068 +4.79%  -213%  -0.11% -4.12%
Consumption and Risk-sharing

21. Consumption, B 0.359 0.358 -0.5% +04%  +0.4% +1.6%
22. Consumption, D 0.372 0.372 -0.6% +0.1%  -0.3% +1.4%
23. Consumption, I 0.068 0.069 +5.8% -2.9% -1.4% -2.9%
24. Consumption gr vol, B 0.42% 0.39% +408.8% +14.8% +43.2% +56.4%
25. Consumption gr vol, D 1.11% 1.07% -7.0% -26.5%  -15.0% -43.6%
26. Consumption gr vol, I 4.47% 4.46%  +4029% -53.5% +149.3%  +81.4%
27. Wealth gr vol, I 0.035 0.033  +1483.0% -10.0% +369.0%  +425.3%
28. log (MU B / MU D) vol 0.025 0.024 +2.8%  -11.1%  -30.1% -10.3%
29.log (MU B / MU I) vol 0.061 0.062 +143.6% -35.2%  +52.8% +8.3%

The table reports averages from a long simulation (10,000 periods) of the benchmark model with only strate-
gic defaults (first column), then a set of models with liquidity default, whose labels follow the scheme in
Tables 2 and 3. Rows 17-29 calculate percentage differences relative to the benchmark model with liquidity
defaults in columns 3-6. All flow variables are quarterly.



Table 6: Results: Maintenance Rebates

Baseline Model with Maintenance Rebate
No Index No Index Aggregate Local Regional Reg-Asym
Borrower
1. Housing Capital 0.456 0.456 0.457 0.461 0.462 0.468
2. Refi rate 3.84% 3.84% 3.83% 3.81%  3.76% 4.43%
3. Default rate 0.95% 0.96% 0.91% 0.59%  0.48% 0.15%
4. Household leverage 64.41%  64.43%  64.26%  66.64% 66.09%  58.78%
5. Mortgage debt to income 259.59% 278.85%  272.57% 305.39% 300.69%  243.57%
6. Loss-given-default rate 38.61%  38.43%  37.41% 3798% 37.33%  32.69%
7. Loss Rate 0.40% 0.40% 0.38% 024%  0.21% 0.92%
Intermediary
8. Bank equity ratio 7.09% 7.10% 7.30% 6.88%  7.05% 7.64%
9. Bank default rate 0.33% 0.23% 0.83% 0.14%  0.54% 0.31%
10. DWL of bank defaults 0.07% 0.05% 0.17% 0.03%  0.13% 0.06%
11. Deposits 2.454 2.636 2.570 2.892 2.840 2.304
Prices
12. House Price 8.842 9.498 9.278 9.953 9.829 8.863
13. Risk-free rate 0.71% 0.72% 0.63% 0.64%  0.55% 0.99%
14. Mortgage Rate 1.46% 1.45% 1.50% 1.24%  1.26% 2.57%
15. Credit spread 0.75% 0.74% 0.87% 0.60%  0.72% 1.58%
16. Mortgage Expec. Excess Ret  0.34% 0.33% 0.49% 0.36%  0.51% 0.47%
Welfare
17. Aggregate welfare 0.821 0.872 +0.12%  +0.43% +0.59%  +0.24%
18. Value function, B 0.379 0.399 -0.70%  +1.11% +0.72%  +0.95%
19. Value function, D 0.374 0.401 -0.08%  +0.04% -0.05% +0.11%
20. Value function, I 0.068 0.071 +5.84%  -1.16% +3.40% -3.01%
Consumption and Risk-sharing
21. Consumption, B 0.359 0.383 -0.4% +0.8%  +0.6% +0.7%
22. Consumption, D 0.372 0.398 -1.1% -0.4% -1.4% +1.2%
23. Consumption, I 0.068 0.073 +6.8% -0.7%  +5.2% -1.3%
24. Consumption gr vol, B 0.42% 0.53% +290.9%  +38.6% +224.5%  +65.0%
25. Consumption gr vol, D 1.11% 1.08% -101%  -13.2%  -4.3% -45.1%
26. Consumption gr vol, I 4.47% 473%  +401.6% -40.0% +354.5% +104.6%
27. Wealth gr vol, I 0.035 0.034  +1498.6% +6.9% +937.0%  +568.9%
28. log (MU B / MU D) vol 0.025 0.026 -10.1%  +4.0%  -22.2% -13.8%
29.log (MU B / MU I) vol 0.061 0.062 +154.9% -191% +137.6%  +29.3%

The table reports averages from a long simulation (10,000 periods) of the benchmark model without main-
tenance rebates (first column), then a set of models where maintenance is rebated, whose labels follow the
scheme in Tables 2 and 3. Rows 17-29 calculate percentage differences relative to the benchmark model
with liquidity defaults in columns 3-6. All flow variables are quarterly.
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