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Abstract

We develop a new model of the mortgage market where both borrowers and lenders
can default. Risk tolerant savers (risk takers) act as intermediaries between risk averse
depositors and impatient borrowers. The government provides mortgage guarantees
and deposit insurance. Underpriced government guarantees lead to risky mortgage
origination and excessive financial sector leverage. Mortgage crises frequently turn
into financial crises and government bailouts due to the fragility of the intermediaries’
balance sheets. Increasing the price of the mortgage guarantee crowds in the private
sector, reduces financial fragility, leads to less and safer mortgage lending, lowers house
prices, raises mortgage rates and risk-free interest rates. It also makes all agents in the
economy strictly better off. The welfare gains are particularly large for the risk takers
so that the private market solution increases wealth inequality.

JEL: G12, G15, F31.
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1 Introduction

Over the past two decades, government and quasi-government entities have dominated mort-
gage finance in the U.S. Fannie Mae and Freddie Mac (the GSEs), and the Federal Housing
Administration have stood behind 80% of the newly originated mortgages in the past five
years.! Ever since the collapse of the GSEs in September of 2008 and the conservatorship
which socialized housing finance, there have been many proposals to bring back private cap-
ital into this market.? Their main idea of these policy proposals is to dramatically reduce
the size and scope of the government guarantee on standard mortgages. Because this reform
would turn a largely public into a largely private housing finance market, there is uncertainty
and concern about its impact on house prices, the availability of mortgage finance, financial

sector stability, and ultimately welfare.?

The question of the economic impact of wholesale mortgage finance reform requires a
general equilibrium model. Such a model must recognize that residential real estate and
mortgage markets have come to play a large role in the financial systems and the macro-
economy of rich countries (Jorda, Schularick, and Taylor (2014)), and that the government
has a large footprint in this space. We contribute to the literature by proposing such a model

where the financial sector is central.

In the benchmark model, the government enjoys a dominant position in the provision
of mortgage default insurance. The model ascribes this dominance to the low insurance

premium (g-fee) that the government charges banks for bearing the credit risk associated

! Acharya, Richardson, Van Nieuwerburgh, and White (2011) provide an in-depth discussion of the history
of the GSEs, their growth, and collapse. Currently, of the $9.85 trillion stock of residential mortgages, 57%
are Agency Mortgage-backed Securities guaranteed by Fannie Mae, Freddie Mac, and Ginnie Mae. Private-
label mortgage backed securities make up less than 8% of the stock. The rest is unsecuritized first liens held
by the GSEs and the banking sector (28%) and second liens (7%).

2The Obama Administration released a first report along these lines in February 2011. The bills proposed
by Corker-Warner in 2013 and Johnson-Crapo in 2014 provide the most recent attempts at legislative reform.

3The financial and real estate industries, the Mortgage Bankers Association, and consumer advocate
groups have all vehemently argued to keep a form of government guarantee in place, in the form of a public
mortgage guarantor that would succeed Fannie and Freddie, for fear that there may “not be enough private
capital” in the mortgage market in a fully private system, jeopardizing the stable provision of mortgage
credit for a broad cross-section of households. On the other side of the spectrum, the Congressional Budget
Office recently argued that housing finance reform would have minimal impact (CBO 2014).



with the underlying mortgages as well as to the minuscule amount of regulatory capital
that banks must hold against guaranteed mortgage bonds. As in the real world, mortgages
are long-term and non-recourse. The financial sector issues mortgages to borrowers and
decides for how many to buy the government guarantee. A novel model ingredient is that
the financial sector enjoys a government bailout guarantee, which is equivalent to deposit
insurance. Deposit insurance is an important feature of any mortgage finance system, public

or private, that the literature on mortgage finance has not considered hitherto.*

One of the interesting features of the model is the interaction between mortgage guaran-
tees, which reduce the risk of banks’ assets, and deposit insurance which reduces the risk
of their liabilities. As relatively risk tolerant agents, bankers in the model desire a high
return-high risk portfolio. By providing underpriced mortgage default insurance which the
banks find attractive to buy, the riskiness of bank assets is limited. This prompts banks
to increase their leverage in order to attain their desired risk-reward ratio. The favorable
regulatory treatment makes guaranteed mortgage bonds excellent collateral to support this
high leverage. A strong financial sector bailout guarantee further propels leverage, since it
makes banks’ lenders, the depositors, less sensitive to the risk of a banking collapse. A second
way in which banks increase risk is through their mortgage origination decisions. They grow
their mortgage portfolio and increase mortgage debt-to-income and loan-to-value ratios for
borrowers. Because of the dual guarantees, banks charge low mortgage rates making bor-
rowers happy to borrow more. In sum, the government’s underpriced mortgage guarantee
distorts financial sector leverage and leads to lower underwriting standards as banks pursue
their desired risk-reward ratio. The financial sector bailout guarantee, or deposit insurance,
amplifies these effects because it immunizes depositors from the elevated risk-taking by the

bankers.

Ex-post, a riskier mortgage portfolio produces higher mortgage default rates and losses.

4Deposit insurance can be thought of more broadly as encompassing implicit government guarantees for
short-term financial sector liabilities such as money market funds, asset-backed commercial paper, repurhcase
agreements, etc. The government stepped in to rescue those markets in the Fall of 2008 and in the spring of
20009.



These losses produce deadweight costs of foreclosures. Given banks’ low net worth cushion
and high leverage, housing crises often turn into financial crises making banks insolvent. The
economy with underpriced mortgage guarantees results in financial sector fragility as well as
in higher house price volatility. However, the government absorbs the losses from housing
and financial crises by issuing debt to pay for the payouts on mortgage default insurance
and the financial sector bailouts. The ability to issue government debt in bad times is a
technology that allows society to spread out the fiscal costs of mortgage defaults over time
and to limit the negative effects on consumption smoothing. It also partially shields banks’

balance sheets from the losses enabling them to continue to issue new mortgages.

A key finding is that the benefit of having the government smooth out default shocks over
time is smaller than the cost of increased risk taking by the private sector. The equilibrium
consumption smoothing in the economy with GSEs is poor. Intuitively, equilibrium risk
sharing is poor because a fragile intermediation sector hampers the optimal flow of funds

between borrowers and savers.

Capturing the spirit of the proposed reforms, our main policy experiment is to start
from the “status quo” and increase the price of government mortgage insurance, thereby
“crowding in” the private sector. We find that a higher guarantee fee shifts the financing of
mortgages from guaranteed to private mortgage bonds. This naturally increases the riskiness
of bank assets making it unnecessary for banks to go to their maximum allowed leverage
ratio or to increase the riskiness of their mortgage portfolio. Intermediary net worth is
higher on average so that banks have more “skin in the game” and the overall bank balance
sheet is smaller. Ex-post, mortgage default and loss rates are lower in the private sector
economy. Fewer housing crises turn into financial crises because of the sturdier bank balance
sheets. Because of sufficient intermediary capital, banks are able to continue lending even
during housing crises. The provision of mortgage credit is about equally stable in the model
with and without government guarantees, dispelling the notion that the GSEs are needed to
guarantee stable access to mortgage finance. The key insight is that abolition of guarantees

leads banks to take less risk, moving them farther from their leverage constraints. That



improves the economy’s ability to allocate resources to the highest marginal utility user and

thus consumption smoothing.

At g-fees that are high enough to crowd out the government completely, we find lower
house prices by 5.6%, a smaller mortgage market by 12.7%, and a less levered banking
sector by 9.2%. Mortgages are safer: debt-to-income ratios are 5.4% lower. The upshot
in the “private market solution” is that the financial system is less fragile: the incidence
of mortgage defaults and realized mortgage losses are 28.6% and 25.0% lower, and bank
defaults (financial sector bailouts) are completely eliminated. The overall effect of phasing
out the GSEs is that social welfare would increase the population-weighted average value
function by 35%. All three groups of agents gain. Borrowers gain the least because they loose
their mortgage subsidy, face higher mortgage rates, and tighter lending standards. House
prices lower the wealth of existing homeowners but make it easier for new homeowners to
buy a house. Risk-takers (bankers) gain the most. While abolishing the GSEs is a Pareto

improvement, it increases wealth inequality.

At intermediate levels for the g-fee, we observe that the government guarantee is only
taken up in bad times. This dovetails with a “mortgage insurer of last resort” option in the

Obama Administration proposal which would crowd-in the government only in crises.

We plan to explore several extensions in the next draft. We will study g-fees that are
contingent on the aggregate state of the economy in order to understand whether there is an
interior optimum g-fee in bad times. Second, we also plan to use the model to quantitatively
evaluate the 2014 Johnson-Crapo bill which proposes to put 10% private capital in front of
a catastrophic government guarantee. This means that the first 10% of losses in the event
of a mortgage default would be born by the private sector. The government would step
in only when losses exceed that threshold. We will set the regulatory capital constraint
such that banks are able to cover a 10% loss and let them choose whether or not to pay a
guarantee fee to the government for insuring the residual catastrophic risk. Third, since we
model mortgage bonds as long-term assets, we can explore the effect of the typical length or

duration of a mortgage. Many have argued that the 30-year fixed rate mortgage, a staple
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of American housing finance, would not be feasible absent a government guarantee. To
assess this claim, we compare the welfare effects of the guarantee for different levels of the
the duration of the mortgage. The presence of guarantees allows for banks to lay off the
credit risk and only hold duration risk. The government absorbs -or at least temporally
transforms- mortgage credit risk. Hence, the pure term premium for long-term fixed rate
mortgages may be substantially lower, with guarantees, affecting mortgage rates and house
price levels. This has implications for the design of mortgage finance systems: adjustable
rate or other short-duration mortgages may provide better outcomes in economies without

government guarantees.

Related Literature Our paper contributes to several strands of the literature on housing,
finance, and macro-economics. Unlike recent quantitative work that explores the causes and
consequences of the housing boom,? this paper focuses on the current and future state of
the housing finance system and the role the government plays in this system. It shares with
these models a focus on quantitative implications and on general equilibrium considerations.
In particular, house prices and interest rates are determined in equilibrium rather than
exogenously specified. We simplify by working in an endowment economy with a constant

housing stock.%

Like another strand of the literature, our model features borrowers defaulting optimally
on their mortgages.” Unlike most of that literature, our lenders are not risk-neutral but risk
averse. A default risk premium is priced into the mortgage contract which is time-varying
and depends on the covariance of the risk taker’s intertemporal marginal rate of substitution

with the payoff on the mortgage loan. We assume that lenders impose maximum LTV ratios

SExamples include Ortalo-Magné and Rady (2006), Kiyotaki, Michaelides, and Nikolov (2011), Favilukis,
Ludvigson, and Van Nieuwerburgh (2013), Landvoigt, Piazzesi, and Schneider (2013), Landvoigt (2012),
Chu (2014). See Davis and Van Nieuwerburgh (2015) for a recent review of the literature.

6The role of housing supply and construction are studied in Favilukis, Ludvigson, and Van Nieuwerburgh
(2013), Chatterjee and Eyigungor (2009), Hedlund (2014), and Boldrin, Garriga, Peralta-Alva, and Sanchez
(2013).

"Recent examples of equilibrium models with default are Corbae and Quintin (2014), Garriga and Schla-
genhauf (2009), Chatterjee and Eyigungor (2009), Jeske, Krueger, and Mitman (2013), Landvoigt (2012),
Arslan, Guler, and Taskin (2013), and Hedlund (2014).



on borrowers, chosen to match borrower mortgage debt/income ratios in normal and housing
crisis times. Unlike much of the literature, our mortgage contract is a long-term contract.
This is important because of the centrality of the 30-year fixed-rate mortgage in the debate
on U.S. housing finance reform. We show that our mortgage contract features the same

amount of interest rate risk as the outstanding pool of mortgage-backed securities.

The biggest difference between our housing finance model and the literature is our focus
on the financial sector and the role the government plays. A recent literature has emphasized
the central role of financial intermediaries in the crisis.® Usually, intermediaries have access
to a different technology from other agents. In our model, as in Drechsler, Savov, and
Schnabl (2014), intermediaries arise endogenously from differences in risk aversion instead.
The least risk averse savers choose to issue short-term debt (“deposits”) and purchases
risky long-term mortgage loans. Like in the part of the literature that emphasized debt
constraints, our intermediaries face borrowing or margin constraints which link the amount
of short-term liabilities they can issue to the collateral value of their assets. The net worth
of the financial sector is the key state variable which governs risk sharing and asset prices
in those models. In our model, intermediary wealth also is an important state variable,
but it is not the only one. The wealth of the depositors, the wealth of the borrowers, and
the outstanding amount of government debt all affect the equilibrium. Unlike most of the
literature, we explicitly model the intermediary’s decision to default. When intermediary net
worth threatens to go negative, intermediaries can choose to offload all assets and liabilities
onto the government. The government bailout option is equivalent to deposit insurance in
the model. As emphasized above, the interaction of the mortgage guarantee and this bailout
guarantee is one of the most interesting and novel aspects of our analysis. By studying the
role of the financial sector in the provision of mortgages we capture the stylized fact pointed
out by Jorda, Schularick, and Taylor (2014) that over a 5-year window run ups in mortgage

lending and run ups in house prices raise the likelihood of a subsequent financial crises.

8Recent examples include Brunnermeier and Sannikov (2012), He and Krishnamurty (2013), Garleanu
and Pedersen (2011), Adrian and Boyarchenko (2012), and Maggiori (2013). Brunnermeier, Eisenbach, and
Sannikov (2013) provides a review of this literature.



Mortgage and house price booms are predictive of future financial crises, and this effect has
also become much more dramatic since WW2. We ask how government intervention in the

form of asset guarantees or liability guarantees affects this nexus.

Finally, our paper contributes to the literature that quantifies the effect of government
policies in the housing market. Most work focuses on studying the effect of abolishing the
mortgage interest rate tax deductibility and the tax exemption of imputed rental income
of owner-occupied housing.” When house and rental prices are determined endogenously,
the policy changes lower house prices and price-rent ratios and cause an increase in home
ownership rates. These policy changes redistribute consumption from the rich to the poor
and increase welfare. Studying the GSE subsidies, Jeske, Krueger, and Mitman (2013) reach
a similar conclusion regarding welfare. Our work differs from Jeske, Krueger, and Mitman
(2013) in its emphasis on the role of the financial sector and the interaction between the
mortgage guarantee and the bailout guarantee. We identify an effect that leads to an increase
in inequality after the abolition of the mortgage subsidy, while they emphasize the regressive
nature of the subsidy and hence a reduction in inequality from the abolition. In terms of
model setup, there are several more differences. Jeske et al. model mortgage guarantees as
a tax-financed mortgage interest rate subsidy. In our model, the government sells mortgage
insurance to the private sector. Second, our mortgages are long-term in nature while theirs
are one-period mortgages. Third, our lenders are risk-averse, while theirs are risk-neutral.
Fourth, our model features aggregate risk but no idiosyncratic income risk, while their model
has no aggregate risk and emphasizes idiosyncratic risk. Fifth, their model has a simple
construction sector and constant house prices, while our model has a fixed housing supply
and endogenous house prices. Sixth, their model has home ownership choice while ours does
not. Seventh, our government can issue debt while theirs has to balance the budget every

period. We view the robustness in conclusions as reassuring news for policymakers.

9For example, Gervais (2002), Chambers, Garriga, and Schlagenhauf (2009), Floetotto, Kirker, and
Stroebel (2012), and Sommer and Sullivan (2013).



2 The Model

2.1 Endowments, Preferences, Technology, Timing

Endowments The model is a two-good endowment economy with a non-housing and a
housing Lucas tree. The fruit of the non-housing tree, output Y;, grows and its growth
rate is subject to aggregate shocks. The different households are endowed with a fixed and
non-tradeable share of this tree. This endowment can be interpreted as labor income. The
size of the housing tree (housing stock) grows at the same stochastic trend as output. The
total quantity of housing shares is fixed and normalized to 1. The housing stock yields fruit

(housing services) proportional to the stock.

Preferences The model features a government and three groups of households. Impatient
households are borrowers (denoted by superscript B), while patient households are savers.
There are two type of savers, differentiated by their risk aversion coefficient; we refer to the
less risk averse savers as “risk takers” (denoted by superscript R) and the more risk averse as
“depositors” (denoted by D). Thus, for the rate of impatience we assume that Sz = Sp > O,
and for the coefficient of relative risk aversion we assume that ogp < o < op. All agents
have Epstein-Zin preferences over the joint consumption bundle which is a Cobb-Douglas

aggregate of housing and non-housing consumption with aggregation parameter 6.

= {5 () s B ) T 0

ul = (¢ (AxKi)’ (2)

C; is numeraire non-housing consumption and the constant Ay specifies the housing services
from owning the housing stock, expressed in units of the numeraiare. All agents share the

same elasticity of intertemporal substitution v.

Figure 1 depicts the balance sheets of the different agents in the economy and the flows



of funds between them.

Figure 1: Balance sheets of agents in model economy
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Technology In addition to the housing market and the numeraire goods market, there are
three assets in the economy. The first one is a one-period short-term bond. The second one
is a mortgage bond, which aggregates the mortgage loans made to all borrower households.
The third one is mortgage insurance which the government sells to the private market.
The guarantee turns a defaultable long-term mortgage bond into a default-free government-

guaranteed mortgage bond.

Borrowers experience housing depreciation shocks and may choose to default on their
mortgage. There is no recourse; savers and the government (ultimately the tax payers) bear
the loss depending on whether mortgage loans are held in the form of private or government-
guaranteed mortgage bonds, respectively. A novel model ingredient is that risk takers may
also choose to default and declare bankruptcy. Default wipes clean their negative wealth

position; the losses are absorbed by the government in a “financial sector bailout.”



Timing The timing of agents’ decisions at the beginning of period ¢ is as follows:

1. Income shocks for all types of agents and housing depreciation shocks for borrower

households are realized.

2. Risk takers decide whether to declare bankruptcy. If they do, their financial wealth is
set to zero and they incur a utility penalty. At the time of the decision, the magnitude
of the penalty is stochastic.!’ Savers know its probability distribution and maximize
expected utility by specifying a binding decision rule for each possible realization of

the penalty.!!

3. Risk takers’ bankruptcy penalty is realized and they follow their decision rule from
step 2. In case of bankruptcy, the government picks up the shortfall in repayments
to debt holders. Borrower households decide which fraction of their mortgage debt to
repay. All agents solve their consumption and portfolio choice problems and markets

clear.

4. All agents consume.

Each agent’s problem depends on the wealth of others; the wealth distribution is a state
variable. Each agent must forecast how that state variable evolves, including the bankruptcy

decisions of borrowers and risk takers. We now describe each of the three problems in detail.

2.2 Borrower’s Problem

There is a representative family of borrowers, consisting of a measure one of members. Each
member receives the same stochastic labor income Y;?, chooses the same quantity of housing

kB | s.t. fol kB . di = KB, and the same quantity of outstanding mortgage bonds a? s.t.

Tntroducing a random utility penalty is a technical assumption we make for tractability. It makes the
value function differentiable and allows us to use our numerical methods which rely on this differentiability.
This randomization assumption is common in labor market models (Hansen (1985)).

' The assumption of making a binding default decision is necessitated in the presence of Epstein-Zin
preferences.
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fol aPdi = AP. The mortgage is a long-term contract, modeled as a perpetuity. Bond coupon
(mortgage) payments decline geometrically, {1,6,4%, ...}, where ¢ captures the duration of
the mortgage. Labor income is subject to a tax rate, 77, and mortgage payments are tax

deductible at tax rate 7.2

After having received income and having chosen house and mortgage size, each family
member draws an idiosyncratic housing depreciation shock w;; ~ F,,(-) which proportionally
B
-1

lowers the value of the house by (1 — w;)pik The value of the house after stochastic

depreciation is wmptkf_ ;- We denote the cross-sectional mean and standard deviation by

ty = E;[w; ;] and oy, = (Var; [wi,t])O'S, where the latter can vary over time.

Each family member then optimally decides whether or not to default on the mortgage.
The houses that the borrower family defaults on are turned over to (foreclosed by) the lender.
Let the function ¢(w) : [0,00) — {0, 1} indicate the borrower’s decision to default on a house
of quality w. We conjecture and later verify that the optimal default decision is characterized
by a threshold level wy, such that borrowers default on all houses with w;; < w; and repay
the debt for all other houses. Using the threshold level w;, we define Z4(w;) to be the
fraction of debt repaid to lenders and Zg (w;)p: K2 | to be the value of the housing stock to

the borrowers after default decisions have been made, where:

Za(w}) = / T i) Fulw)dw = Prfury > ], 3)

Zg(wp) = /000(1 — Uw))w fu(w)dw = Priwi; > w/] Elwi, |wiy > o] (4)

The borrower family’s problem is to choose consumption CP, housing K, default thresh-

old wy, and new mortgage debt BP to maximize life-time utility UZ in (1) subject to the

12In reality, mortgage interest payments are deductible at the marginal income tax rate. Because a
mortgage in the model is a perpetuity, there is no clean separation of principal and interest payments.
Having a different tax rate at which mortgage payments are deducted allows us to calibrate the model to a
realistic level of deductibility. Appendix A discusses the mapping between our geometric mortgage bonds
and mortgages in the real world in great detail.
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budget constraint:
Cl+ (=" Za(wW) AL +piKP < (1 =10, + Zie (W) )p P + ¢ BE, (5)
an evolution equation for outstanding mortgage debt:
Al =0Za(w)) AP + B/, (6)

and a maximum loan-to-value constraint:

B

A
T S omk/ (7)

Outstanding mortgage debt at the end of the period is the sum of new borrowing B and the
remaining mortgage debt at the beginning of the period after default decisions were made
and mortgage payments were made on the non-defaulted (performing) part. The borrower
household uses after-tax labor income, housing wealth, and new mortgage debt raised to pay
for consumption, mortgage debt service (net of mortgage interest deductibility), and new
home purchases. New mortgage debt raised is ¢/" BP, where ¢/ is the price of one unit of

mortgage bonds in terms of the numeraire good.

The borrowing constraint in (7) caps the face value of mortgage debt at the end of the
period to a fraction of the market value of the underlying housing, where ¢ is the maximum
loan-to-value ratio. With such constraint, equilibrium declines in house prices in bad times

tighten borrowing constraints.

2.3 Depositors

The first type of savers, depositors, receive labor income, Y,” o Y;, own a fixed share of
the housing stock K, and can invest in three assets: short-term risk-free bonds, long-term

private mortgage bonds, and long-term government-guaranteed mortgage bonds.
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A private mortgage bond is a simple pass-through vehicle, aggregating the mortgages
of the borrowers. The coupon payment on performing mortgages in the current period is
ABZA(w;). For mortgages that go in foreclosure, the saver repossesses the homes. These
homes are worth (1—C) (1, — Zx(w})) p K2 |, where ( is the fraction of home value destroyed
in a foreclosure, a deadweight loss. Thus, the total payoff per unit of private mortgage bond

is:
(1 =) (e — ZK(WZF))pthB_l
AP '

Mt,P = ZA((A):) +

The price of the bond is ¢;".

A government-guaranteed bond is a security with the same duration (maturity and cash-
flow structure) as private mortgage bonds. The only difference is that it carries no mortgage
default risk because of the government guarantee. To prevent having to keep track of an
additional state variable, we model guarantees as one-period default insurance.'® Combining
one unit of a private mortgage bond with one unit of default insurance creates a mortgage
bond that is government-guaranteed for one period. One unit of a government-guaranteed

mortgage bond has the following payoff:
Mt,G =1+ (1 - ZA((.U:))F

The first term is the coupon of 1 on all loans in the pool. The second term is compensation
for the loss in principal of defaulted loans. Owners of guaranteed loans receive a “principal
repayment” F' = 1%, a constant parameter that does not depend on the value of the collateral
or any state variable of the economy. We explain the choice of F' below. In exchange for
the guarantee, savers pay a fee %AEG to the government. The government sets the price of

insurance ;.

Entering with wealth W/, the depositor’s problem is to choose consumption C'P, hold-

ings of private mortgage bonds AtD-i-l, p, holdings of government-guaranteed mortgage bonds

BRolling over default insurance every period for the life of the loan is the equivalent to the real-world
guarantees provided by Fannie Mae and Freddie Mac.

13



AP o, and short-term bonds B} to maximize life-time utility U in (1), subject to the

budget constraint:
CP+aqr AP, p+ (@ + AR o+ ¢l BP + (1= po)p K2y < (1= )P+ WP (8)

short-sales constraints on all bond holdings:

AtD-i-l,P >0’ (9)
Alhe 20, (10)
B >0, (11)

The budget constraint (8) shows that the depositor uses after-tax labor income and beginning-
of-period wealth to pay for consumption, purchases of private and government-guaranteed
mortgage bonds and of short-term bonds, and for housing repairs. Housing repairs undo
the effects of depreciation. Since the mortgage guarantee is valid for only one period, both
private and government-guaranteed bonds bought last period trade for the same price ¢;".
We do not allow for negative positions in either long-term mortgage bond (equations 9 and
10). We also do not allow depositor’s to to take a negative position in the short-term bond

(11), consistent with our assumption that the depositor must not declare bankruptcy.

2.4 Risk Takers

After shocks to income and housing depreciation have been realized, the risk taker chooses
whether or not to declare bankruptcy. Risk takers who declare bankruptcy have all their
assets and liabilities liquidated. They also incur a stochastic utility penalty p;, with p, ~ F},,
i.i.d. over time and independent of all other shocks. At the time of the bankruptcy decision,
risk takers do not yet know the realization of the bankruptcy penalty. Rather, they have to
commit to a bankruptcy decision rule D(p) : R — {0, 1}, that specifies the optimal decision

for every possible realization of p;. Risk takers choose D(p) to maximize expected utility at

14



the beginning of the period. We conjecture and later verify that the optimal default decision
is characterized by a threshold level p;, such that risk takers default for all realizations for

which the utility cost exceeds the threshold.

After the realization of the penalty, risk takers execute their bankruptcy choice according
to the decision rule. They then face a consumption and portfolio choice problem identical
to that of the depositor with two exceptions. First, while intertemporal preferences are still
specified by equation (1), intraperiod utility u{ depends on the bankruptcy decision and

penalty:

e (O (Axrp,)
! exp (D(pe)pi) .

Second, we replace equation (11) with the following borrowing constraint:
- Bl < QT(SPAil,P + fGAﬁH,G)- (12)

A negative position in the short-term bond is akin to the risk taker issuing short-term bonds,
or equivalently deposits. The negative position in the short-term bond must be collateralized
by the market value of the risk taker’s holdings of long-term mortgage bonds. The parameters
ép and &g determine how useful private and government-guaranteed mortgage bonds are as

collateral. In the calibration, we will assume that guaranteed mortgages are better collateral:
£ > Ep

Denote risk-taker wealth by:

W= (Myp + 0Za(w))g7")Al'p + (M + 0Za(w))qi") Al + Bi ). (13)

14Tn the language of finance, this short-term borrowing is exactly like a repo contract. It allows the saver
to buy a mortgage bond by borrowing a fraction £ of the purchase price while only using a fraction 1 — £ of
the purchase price, the margin requirement, of her own capital.
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2.5 Government

We model the government as set of exogenously specified tax, spending, bailout, and debt
issuance policies.’> Government tax revenues, T}, are labor income tax receipts minus mort-

gage interest deduction tax expenditures plus guarantee fee receipts:
T=7"Y/ + 7 (V +YP) = 1" Za(w)) AV + n(Al + Al)

Government expenditures, GG; are the sum of payouts on mortgage guarantees, financial

sector bailouts, and other exogenous government spending, G7:
Gy = (Myg — My p)(Ale + Alg) — D(p) W+ GY

The bailout to the financial sector equals the negative of the financial wealth of the risk

taker, W2 in the event of a bankruptcy.

The government issues one-period risk-free debt. Debt repayments and government ex-
penditures are financed by new debt issuance and tax revenues, resulting in the budget
constraint:

Bf +G, <ol BY+T, (14)

We impose a transversality condition on government debt:

lim B, | My, BE,| =0

U—00

where MP is the SDF of the depositor.'6

Because of its unique ability to tax and repay its debt, the government can spread out

15We consolidate the role of the GSEs and that of the Treasury department into one government, reflecting
the reality as of September 2008.

16We show below that the risk averse saver is the marginal agent for short-term risk-free debt. In the
numerical work below, we keep the ratio of government debt to GDP contained between bS and bG by
increasing other government expenditure exponentially when debt-to-GDP threatens to fall below b% and
lowering G¢ exponentially (until it hits zero) when debt-to-GDP threatens to exceed b<.
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the cost of mortgage default waves and financial sector rescue operations over time.

Government policy parameters are O, = (TtB T T Y, GO 9, €, € p). The parameters ¢
in equation (7) and ({g,&p) in equation (12) can be thought of as macro-prudential policy
tools. One could add the parameters that govern the utility cost of bankruptcy of risk takers
to the set of policy levers, since the government may have some ability to control the fortunes

of the financial sector in the event of a bankruptcy.

2.6 Equilibrium

Given a sequence of income shocks {Y;}, housing depreciation shocks {wy;}iep, and utility
costs of default shocks p;, and given a government policy ©;, a competitive equilibrium is
an allocation {CF, KP, BP} for borrowers and {C7, A7, A7, By} for savers S € {R, D},
default policies ¢t(w;) and D(p;), and a price vector {p;, q", ql }, such that given the prices,
borrowers, depositors, and risk-takers maximize life-time utility subject to their constraints,

the government satisfies its budget constraint, and markets clear.

The market clearing conditions are:
1. Risk-free bonds: BY = BP + Bl
2. Mortgages: AP = Al + Af'p + Ay + ADp

3. Housing tree shares: KP + K'+ KP =1

peKf

4. Consumption: Y,2+Y, R4V, = CP+CE+CP+(1—puy0)pi+ G0+t — Zrc(w])) v

The last equation states that total non-housing resources equal the sum of non-housing
consumption expenditures and home renovations by the households, (wasteful) spending by

the government, and lost resources due to the deadweight costs of foreclosure.
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2.7 Welfare

In order to compare economies that differ in the policy parameter vector ©,;, we must take a
stance on how to weigh the different agents. We propose a utilitarian social welfare function

summing value functions of the agents according to their population weights ¢:
Wi(5;0:) = LPV,E + (PVEP + 1RV E,

where the V'(-) functions are the value functions defined in the appendix.

3 Model Solution and Calibration

3.1 First Order Conditions

Appendix A presents the Bellman equations for each of the three household types and derives
first-order conditions for optimality. We highlight some key features of the solution here.
First, since borrowers are the only households freely choosing their housing position, their
choice pins down the price of housing in the economy. Let /\;lit 41 be the intertemporal
marginal rate of substitution (or stochastic discount factor) for agent i € {B, D, R}, with
expressions provided in the Appendix. At the optimum, house prices satisfy the recursion:

- - . e
pt [1 — >\tB¢ti| e Et |thBjt+1egt+1 {pt+1ZK(wt+1) + ﬁ}] (15)

The marginal cost of housing on the left-hand side consists of the house price p, minus a
term which reflects the collateral benefit of housing; an extra unit of housing relaxes the
maximum LTV constraint (7). The right hand side captures the expected discounted future
marginal benefits which depends on the resale value of the non-defaulted stock and the
dividend from housing, which is the intratemporal marginal rate of substitution between

housing and non-housing goods.
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Second, we analyze the borrower’s optimal foreclosure decision. In the appendix, we show

that the optimal default threshold is given by:

*

Wy =

(1 -7+ &Itm)AF
pthB—l .

At the threshold level wy, the cost from foreclosure, which is the loss of a house valued
at wip; K2, but being released from the mortgage, exactly equals the expected cost from
continuing the service the mortgage (including the option to default in the future which is
encoded in ¢), (1 — 7™+ d¢™)AB | but keeping the house. The cutoff has an intuitive inter-
pretation. It is the aggregate loan-to-value ratio of the borrowers, with both mortgage debt

and housing valued at market prices. When the market leverage of the borrower increases,

default becomes more likely.

In this version of the paper, we restrict the depositor to only invest in deposits, i.e., short-
term debt issued by the risk taker. This debt is equivalent to government debt by virtue of
the deposit insurance. We plan to relax this assumption on the menu of investible assets for
the depositor in later versions of the paper. The depositor’s first-order condition for the the

short-term bond is:
[ = E, M
4y t tt+1

The risk taker can invest in both government guaranteed and private MBS. The respective

first-order conditions are:

g (1 — €G5\f) +7n = E [Mftﬂ (MG,tJrl + 5ZA(W:+1)61§11)}

G = €M) = B [ My (Mprs +0Za(wi)alt)] -

The marginal cost of a guaranteed mortgage bond is the price ¢;" plus the guarantee fee
v (expressed as a price) while the benefit is the expected discounted value of the bond

tomorrow, which consists of the coupon payment and the repayment of principal in case of
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default (both are in M) plus the resale value of the non-defaulted portion of the mortgage
bond. The cost is lowered by the relaxation of the margin constraints, and depends on
the haircut g for guaranteed mortgages. The first-order condition for private mortgages is
similar, without the guarantee fee term, with a different collateral requirement term (£p),
and a different mortgage payoff Mp. One way of restating the risk taker’s choice is in terms
of how many units of the mortgage to lend to borrowers, and for how much of these holdings
to buy default insurance from the government. The optimal amount of default insurance to

buy solves:

Ve = By Mﬁt+1 (Mg 1 — Mpyr)| + quln (€a —&p)

Risk takers will buy insurance until the marginal cost of insurance on the left equals the
marginal benefit. An extra unit of default insurance increases the payoff of the mortgage
and it increases the collateralizability of a mortgage, a benefit which only matters when the

borrowing constraint binds.

The risk taker will optimally default whenever the utility costs of doing so is sufficiently
small: p; < pi. The threshold depends on her wealth W/ and the state variables S/ that are
exogenous to the risk taker, including the wealth of the borrower and of the depositor, and
the outstanding amount of government debt. At the threshold, she is indifferent between

defaulting and offloading her (negative) wealth onto the government or carrying on:
VA, pr, SF) = VE(WS, 0,85,

In equilibrium, the risk-taker’s short-sales constraint for government-guaranteed bonds will
typically be binding so that her position in these bonds is zero. In contrast, she is the

marginal agent for private mortgage bonds:

0" (1= €M) = B [ My (Mpsr +0Za(wi)ak) ]

20



She finances these bonds with her own wealth but also by issuing short-term debt (deposits).
The bailout guarantee that the government provides to the risk takers makes these deposits
risk-free and equivalent to short-term government debt. That is, the bailout guarantee is
deposit insurance. The risk-taker may or may not borrow up to the limit in (12). If she
does, the Lagrange multiplier on that constraint S\f > 0. Since mortgage bonds enable the
issuance of more short-term debt, they increase risk taker demand for mortgage bonds when

the constraint binds (lower the marginal cost by ¢7¢pAR).

3.2 Calibration

The parameters of the model and their targets are summarized in Table 1.

Aggregate Income The model is calibrated at annual frequency. Aggregate endowment

or labor income Y, follows:

Y; =Y 1 exp(g:)

gt = PgGt—1 + (1— Pg)g +e, €~ uid N(0, Ug)

We scale all variables by permanent income in order render the problem stationary. Given
the persistence of income growth, g;, becomes a state variable. We discretize the g; process
into a H-state Markov chain using the method of Rouwenhorst. The procedure matches
the mean, volatility, and persistence of GDP growth by choosing both the grid points and
the transition probabilities between them. We use annual data on real per capita GDP
growth from the BEA NIPA tables from 1929-2014 and exclude the war years 1940-1945.
The resulting mean is 1.9%, the standard deviation is 3.9%, and the persistence is 0.42.
The states, the transition probability matrix, and the stationary distribution are listed in

Appendix B.1.
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Table 1: Calibration

This table reports the parameter values of our model.

Parameter Description ‘ Value ‘ Target
Exogenous Shocks
1 g mean income growth 1.9% Mean rpc GDP gr 1929-2013
2 oy volatility income growth 3.9% Vol rpc GDP gr 1929-2013
3 Pg persistence income growth 0.41 AC(1) rpc GDP gr 1929-2013
4 Lo mean idiosync. house value shock 2.5% Housing depreciation Census
5 Ouw volatility idiosync. house value shock | {0.25,0.32} Mortgage loss rates (Appendix B.2)
6 P transition prob 0.2 frequency of mortgage crises of 10%
7 D5 transition prob 0.99 duration of mortgage crises of 2y
Population, Income, and Housing Shares
8 | ¢',ie{B,D,R} population shares {47,51,2}% Population shares SCF 1995-2013
9 | Yiic{B,D,R} income shares {38,52,10}% Income shares SCF 1995-2013
10 | K', i€ {B,D,R} housing shares {39,49,12}% Housing wealth shares SCF 1995-2013
Mortgages
11 0 average life of mortgage pool 0.96 Duration Fen. (Appendix B.3)
12 guarantee payout fraction 0.35 Duration Fen. (Appendix B.3)
Preferences
13 oB risk aversion borrower 8 Vol household mortgage debt to GDP 1985-2014
14 BB time discount factor borrower 0.88 Mean housing wealth to GDP 1985-2014
15 65 housing expenditure share 0.20 Housing expenditure share NIPA
16 oP risk aversion depositor 8 volatility risk-free interest rate 1985-2014
17 pP = ph time discount factor savers 0.975 Mean risk-free interest rate 1985-2014
18 ot risk aversion risk taker 4 Financial sector leverage Flow of Funds 1985-2014
19 v intertemp. elasticity of subst. 1
Government Policy
20 8 =B income tax rate 18.5% BEA govmt revenues to trend GDP 1929-2013
21 G° exogenous govmt spending 16.1% BEA govmt spending to trend GDP 1929-2013
22 T mortgage interest rate deductibility 0.65 78 See text
23 0] collateral constr 80% Mean borrowers’ mortgage debt-to-income SCF 1995-2013
24 ¢ margin guaranteed MBS 1.6% Basel 2/3 regulatory capital charge agency MBS
25 é&p margin private MBS 8% Basel 2/3 regulatory capital charge non-agency mortgages




Foreclosure crises The stochastic depreciation shocks or idiosyncratic house value shocks,
wi¢, are drawn from a Gamma distribution characterized by shape and a scale parameters
(Xt.0s Xt.1)- Fi(*; Xt.05 X2.1) 1s the corresponding CDF. We choose {x:0, xt1} to keep the mean
L, constant at 0.975, implying annual depreciation of housing of 2.5%, and to let the cross-
sectional standard deviation oy, take on one of two values, a high and a low value. Together
with the maximum loan-to-value parameter ¢, (op,0L,.) determine the expected losses
from mortgage default. We set these three parameters to fit three targets: mortgage loss
rate during normal times, mortgage loss rate during foreclosure crises, and average mortgage
debt-to-income ratios for borrower. These targets are 0.3%, 3.4%, and 134%, respectively.
Appendix B.2 explains the rationale behind these targets and the data sources. The resulting
parameter values are ¢ = 0.80, op, = 0.42, and oz, = 0.25. The current calibration

overstates the loss rates.

To pin down the transition probabilities of the 2-state Markov chain for o, we assume
that when the aggregate income growth rate in the current period is high (g is in one of the
top three income states), there is a zero chance of transitioning from the o, to the og,,
state and a 100% chance of transitioning from the oy, to the o, state. Conditional on
low growth (g is in one of the bottom two income states) we calibrate the two transition
probability parameters (rows have to sum to 1), p¥, and p4;, to match the frequency and
length of mortgage crises. Based on the argument by Jorda et al. (2014) that most financial
crises are related to the mortgage market and based on the historical frequency of financial
crises in Reinhart and Rogoff, we target a 10% probability of a foreclosure crisis. Conditional
on a crisis, we set the expected length to 2 years, based on evidence in Jorda et al. and
Reinhart and Rogoff. As such, the model implies that not all recessions are mortgage crises,
but all mortgage crises are recessions. In a long simulation, 33% of recessions are also crises.
This compares to a fraction of 6/22 (~27%) in Jorda et al.. The correlation between oy,
and g, is -0.46. The model generates persistence in the mortgage default rate of .41, driven

by the persistence of oy, of .46 (in the same simulation).
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Population and wealth shares To pin down the labor income and housing shares for
borrowers, depositors, and risk takers, we calculate a net fixed-income position for each
household in the Survey of Consumer Finance (SCF).!" Net fixed income equals total bond
and bond-equivalent holdings minus total debt. If this position is positive, we consider a
household to be a saver, otherwise it is a borrower. For savers, we calculate the amount of
risky assets, defined as their holdings of stocks, business wealth, and real estate wealth, as
well as the share of these risky assets in total wealth. We define risk takes as households
that are within the top 5% of risky asset holdings and have a risky asset share of at least
75%. This delivers population shares of ¢ = 47%, (P = 51%, and (% = 2%. Based on
this classification and the same SCF data, borrowers receive 38% of aggregate income and
own 39% of residential real estate. Depositors receive 52% of income and 49% of housing
wealth. Finally, risk takers receive 10% of income and 12% of housing wealth. By virtue
of the calibration, the model thus matches basic aspects of the observed income and wealth

inequality.

Mortgages In our model, a government-guaranteed MBS is a geometric bond. The issuer
of one bond at time ¢ promises to pay the holder 1 at time t + 1, § at time ¢ + 2, 6% at time
t+3, and so on. If the borrower defaults on the mortgage, the government guarantee entitles
the holder to receive a “principal repayment” I’ = %5, a constant parameter that does not
depend on the value of the collateral or any state variable of the economy. We estimate
values for 0 and F' such that the duration of the geometric mortgage matches the duration of
the portfolio of outstanding mortgage-backed securities, as measured by the Barclays MBS
Index, across a history of observed mortgage rates. This novel procedure recognizes that the
mortgage in the model represents the pool of all outstanding mortgages of all vintages. The
repayment [’ reflects the fact that prepayments happen when rates are low and reinvestment
opportunities are poor. Appendix B.3 provides the details. We find that values of 6 = 0.967

and F = 10.678 imply a relationship between price and mortgage rate for the geometric

1"We use all survey waves from 1995 until 2013 and average across them.

24



mortgage that closely matches the price-rate relationship for a real-life MBS pool consisting
of fixed-rate mortgages issues across a range of vintages. The average duration in model and
data of the mortgage (pool) is about 4 years. Like the real-life MBS pool, the geometric
mortgage price is convex in rates when rates are high (the prepayment option is out-of-the-
money) and concave when rates are low (“negative convexity” when the prepayment option
is in-the-money). Thus, the geometric mortgage has the same interest rate risk (duration) of
real-life mortgages for different interest rate scenarios. Despite its simplicity, the perpetual

mortgage captures the key features of real-life guaranteed MBS pools.

Government parameters Government policy consists of mortgage guarantee policy and
general taxation and spending policy. In our desire to have a quantitatively meaningful
model, we believe it is important to also capture the latter. After the conservatorship of
Fannie Mae and Freddie Mac in September 2008, the merger of the GSEs and the Treasury

Department became a reality.

Starting with the guarantee policy, our parameter vy specifies the cost of a guarantee,
expressed in the same units as the price of the mortgage. Real-world guarantee fees are
expressed as a surcharge to the interest rate. We will consider several values for v with
implied g-fees ranging from 0 basis points to 70 basis point. Freddie Mac’s management and
g-fee rate has been stable at around 20bps from 2000 to 2012 and has increased gradually
from 20bps at the start of 2012 to 32 bps at the end of 2014. Fannie Mae’s single-family
effective g-fee was also right around 20bps between 2000 and 2009, and has been increasing
gradually from 20bps at the start of 2009 to 41 bps at the end of 2014 (Urban Institute

Housing Finance Policy Center, December 2014 update).

We set the proportional income tax rate equal to 7° = 78 = 0.185 in order to match
average tax revenue to trend GDP in the 1929-2013 U.S. data of 18.8%. We set exogenous
government spending equal to G° = 0.161 (times trend GDP of 1) in order to match average

exogenous government spending to trend GDP in the 1929-2013 U.S. data of 16.1%.!® As a

18The data are from Table 3.1 from the BEA. Exogenous government spending is defined as consumption
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fraction of realized GDP, expenditures fluctuate, mimicking their counter-cyclicality in the
data. Tax revenues are pro-cyclical, as in the data. Every dollar of income is taxed at the
same tax rate, which implies that our tax system displays progressivity. Risk takers are only
2% of the population but pay 11% of the income taxes since they earn 11% of the income.
We allow for mortgage interest rate deductibility. Because it is not possible to separate
out interest rate from scheduled and unscheduled principal payments with our geometric
mortgages, we assume that the entire mortgage payment is deductible but at a lower rate,

0.65 x 7.1

We can interpret the risk-taker borrowing constraint parameters, {4 and &p as regulatory
capital constraints set by the government. Under Basel II and III, “first liens on a single-
family home that are prudently underwritten and performing” enjoy a 50% risk weight and
all others a 100% risk weight. Agency MBS receive a 20% risk weight. Given that we think
of the non-guaranteed mortgage market as the subprime and Alt-A market, a capital charge
of 8% seems most appropriate for £p. Given that the government guaranteed mortgages are

the counterpart to agency MBS, we set a capital charge of 1.6% for &.

Preference parameters We set the elasticity of inter-temporal substitution equal to 1
for all agents. The coefficients of risk aversion are o = 4, op = 8, and op = 30. The
annual subjective time discount factors are Sz = fp = 0.975 and S = 0.88. Risk aversion
and the time discount factor of the depositor are set such that we match the mean one-year
risk-free interest rate of 1.6% and its volatility of 2.4%.2° The borrower’s discount factor

is set to match the value of housing wealth to GDP over 1985-2014, which is 1.51 (Flow

expenditures (line 18) plus subsidies (line 27) minus the surplus of government enterprises (line 16). It
excludes interest service on the debt and net spending on social security and other entitlement programs.
Government revenues are defined as current receipts (line 1). Trend GDP is calculated with the Hodrick
Prescott Filter.

19As discussed in Appendix B.3, the sum of all mortgage payments is 1/(1 —§) and F = /(1 — §) is the
payment of “principal.” Hence, the fraction of “interest payments” is the fraction (1 — «)/(1 — ¢) which is
0.65.

20T calculate the real rate, we take the nominal one year constant maturity Treasury yield (FRED) and
subtract expected inflation over the next 12 months. To form expected inflation, we fit an ARMA(1,1) model
through monthly data of 12-month inflation over the period 1973-2014. The average rate and its volatility
are computed over 1985-2014, just like most other targets.
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of Funds). Borrower risk aversion is set to target the volatility of the annual change in
household mortgage debt to GDP (Flow of Funds and NIPA), which is 4.2% in the 1985-
2014 data. The risk taker subject discount factor is set equal to that of the other savers,
the depositors. Their risk aversion is chosen to match average leverage ratios of the financial
sector. Since mortgage assets are predominantly held by leveraged financial institutions, we
calculate leverage for those kinds of institutions. The average ratio of total debt to total

assets for 1985-2014 is 95.6%.2!

Utility cost of risk-taker bankruptcy The model features a random utility penalty
that risk takers suffer when they default. Because random default is mostly a technical
assumption, it is sufficient to have a small penalty. We assume p; is normally distributed
with a mean of p, 1, i.e., a zero utility penalty on average, and a small standard deviation
of 0, = 0.01. The mean size of the penalty affects the frequency of financial sector defaults
(and government bailouts). The lower j,, the lower the resistance to declare bankruptcy,
and the higher the frequency of bank defaults. The standard deviation affects the correlation
between negative financial intermediary wealth and bank defaults. Given those parameters,
the frequency of financial crises (government bailouts of the risk-taker) depends on the
frequency of foreclosure crises, and the endogenous choices (asset composition and liability

choice) of the risk taker.

218pecifically, we include U.S. Chartered Commercial Banks and Savings Institutions, Foreign Banking
offices in U.S., Bank Holding Companies, Banks in U.S. Affiliated Areas, Credit Unions, Finance Companies,
Security Brokers and Dealers, Funding Corporations (Fed Bailout entities e.g. Maiden Lanes), GSEs, Agency-
and GSE-backed Mortgage pools (before consolidation), Issuers of ABS, REITs, and Life and Property-
Casualty Insurance Companies. Krisnamurthy and Vissing-Jorgensen (2011) identify a group of financial
institutions as net suppliers of safe, liquid assets. This group is the same as ours except that we add insurance
companies and take our money market mutual funds, since we are interested in leveraged financial firms. For
comparison, leverage for the Krisnamurthy and Vissing-Jorgensen institutions is 90.7% for the 1985-2014
sample. The group of excluded, non-levered financial institutions are Money Market Mutual Funds, other
Mutual Funds, Closed-end funds and ETFs, and State, Local, Federal, and Private Pension Funds. Total
financial sector leverage, including these non-levered institutions, is 60.6%.
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4 Main Results: Phasing out the GSEs

The main experiment in the paper is to compare an economy with and without government-
guaranteed mortgages. More precisely, we compute a sequence of economies that differ by
the guarantee fee v; that the government charges for providing the default insurance. All
economies feature a government bailout guarantee to the financial sector (risk takers), or
equivalently, deposit insurance. Higher g-fees “crowd-in” the private sector, a key objective
of any reform proposal. We evaluate how equilibrium prices and quantities, and ultimately
welfare are affected from an increase in g-fees. We do so based on a long simulation of the

model. Table 2 summarizes the results.

4.1 Zero g-fees

We start with a model where the government provides the mortgage guarantee for free;
v; = 0. Unsurprisingly, risk takers choose to obtain default insurance on all mortgages they
issue. That is, they only hold guaranteed MBS, both in normal times (low o, states) and in

housing crises (high o, states).

Risk takers finance these guaranteed MBS holdings in equilibrium by issuing deposits
and combining them with their own equity capital contributions. By lending in long-term
guaranteed MBS and borrowing short-term, banks bear mostly interest rate risk. They
perform the traditional role of liquidity transformation.?? Because banks have a modest risk
aversion, compared with the much higher risk aversion of the depositors, banks are willing
to provide safe assets to the depositors. They can do so at attractive rates, paying only 1.7%
interest on deposits. Bearing no default risk on their assets, banks use substantial leverage

in order to achieve their desired risk-return combination. The average bank leverage (book

22Guaranteed bonds in the model do suffer some losses when there is a default, mimicking what happens
in reality to agency MBS. In particular, defaults act as prepayments at par. Since agency bonds usually
trade above par prior to the prepayment, the prepayment constitutes a loss for the holder or agency MBS.
In addition, prepayments happen when interest rates are low and reinvestment opportunities are poor.
Mortgage REITS investing in agency MBS play a similar role to banks in reality. Some hybrid mortgage
REITS combine agency and non-agency (private-label) MBS.
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value of debt to market value of assets) ratio is 96.5%. Given that the margin requirement
on guaranteed mortgage bonds is 1.6%, banks go almost all the way to their leverage limit.
Specifically, the leverage constraint binds in 2/3 of the periods. Conversely, average risk
taker wealth is small, only 1.8% of trend GDP. Banks have little “skin in the game.” Due
to low risk taker wealth and high leverage, the banking system is fragile. When adverse
income or house value shocks hit, risk taker net worth threatens to fall below zero and the
government steps in to bail our the financial sector. Such financial crises happen in 9% of the
periods. In housing crises (high o, periods), the frequency of financial crises is 28%. Thus
housing crises are likely to trigger financial crises, as documented in the empirical work of
Jorda et al. (2014). The average equilibrium return on the risk taker’s wealth, the ROE
of the banking sector, is 3.6% with an enormous volatility. The volatility is large because
wealth frequently comes close to zero as a result of high leverage, leading to some very high

returns, and because the return on wealth is —100% during risk taker bankruptcies.

Turning to the borrowers, we find that mortgage rates are low in this economy. The
average mortgage rate is 3.2%, only 150bps above the deposit rate. Borrowers enjoy low
rates in part due to the subsidized mortgage guarantees. Simultaneously house prices are
high. Faced with high house prices and low mortgage rates, borrowers take out a lot of
mortgage debt in equilibrium. The steady state stock of mortgages outstanding is high
(0.334 market value or 0.027 units A®). The average borrower LTV ratio is 78.7% and
borrowers’ mortgage debt-to-income is 1.44 on average, both are close to the averages in the
recent SCF data. The average loss rate from mortgage default is 2.0%, with losses of 8.7%
in housing crises and 1.3% in normal times. The volatility of mortgage originations, our

measure of the stability of the provision of mortgage credit, is 2.7%.

Depositors have a strong precautionary savings demand for risk-free assets, given their
high risk aversion. They are happy to lend to the banks at low interest rates because of their
risk aversion and because the deposit insurance makes their claims on the banks risk free. In
equilibrium, the entire supply of safe assets is provided by the banks because the government

is a net lender. This itself is a consequence of the government raising more revenue from
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taxes than it spends on exogenous expenditures, debt service, and financial sector bailouts
(deposit insurance fund payouts). The average net government debt is -2.7% of trend GDP.
Thus the government and the depositors compete for risk-free assets issued by the banking
sector. During housing crises, the depositor’s precautionary savings incentives strengthen
substantially and she desires to hold more risk-free assets. In those times, the government
faces more frequent financial sector bailouts, which cause a deficit and lower its net position
in risk-free debt to -1.1% of trend GDP. The risk taker accommodates the net increase in
demand for risk-free debt by taking in more deposits. Risk taker leverage increases to 98.6%

in these periods. The risk free interest rate falls precipitously to 0%.

In summary, the economy with zero g-fees features high house prices, high levels of mort-
gage debt, high mortgage debt to income ratios for borrowers, high rates of mortgage defaults
and severities, high levels of bank debt, low levels of intermediary capital, frequent financial

crises, higher government debt, and low interest rates.

4.2 Higher g-fees

The second and third economies we compute are cases where the g-fee is 15 basis points and
70 basis points on average, respectively. The 15 bps value reflects roughly what Fannie Mae
and Freddie Mac charged the financial sector for mortgage insurance prior to 2009 while
the 70 bps is higher than what Fannie and Freddie have been charging in the last couple of

years.?® Since the results are monotone in g-fees, we describe these two economies in parallel.

For the intermediate cost of mortgage default insurance, we find that risk-takers portfolio
holdings depend on the state of the economy. During crisis times (high o, states), banks
hold almost only guaranteed mortgages, just like in the zero g-fee economy. However, during
normal times, they hold almost exclusively private MBS. Put differently, banks only buy the
government insurance in bad times. The state uncontingent g-fee is too cheap in bad times

but too expensive in good times. This intermediate g-fee economy evaluates Option B of

23Back-of-the-envelope calculations by J.P. Morgan suggest that at g-fees of above 50bps, private execution
dominates GSE execution for many loans (J.P. Morgan Securitized Products update 2014).
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Table 2: Main Results: Unconditional Moments

0 bp g-fee 70 bp g-fee
mean stdev | mean stdev | mean stdev
Prices
Risk free rate 0.017 0.028 | 0.019 0.031 | 0.022 0.033
Mortgage rate 0.032 0.003 | 0.036  0.003 | 0.037 0.003
House price 1.761  0.090 | 1.694 0.091 | 1.669 0.094
Risk-Taker
Market value of bank assets 0.334 0.014 | 0.304 0.007 | 0.295 0.007
Market value of guaranteed bonds  0.000  0.000 | 0.270 0.093 | 0.295 0.007
Market value of private bonds 0.334 0.014 | 0.034 0.093 | 0.000 0.001
Risk taker leverage 0.965 0.038 | 0.887 0.049 | 0.877 0.044
Risk taker wealth 0.018 0.013 | 0.041 0.015 | 0.043 0.013
Fraction A\¥ binds 0.680 0.466 | 0.340 0474 | 0.316  0.465
Bankruptcy frequency 0.094 0.292 | 0.008 0.086 | 0.000 0.000
Return on RT wealth® 0.022 0.756 | 0.036  0.274 | 0.041 0.255
Excess return on guaranteed bond  0.002  0.030 | -0.009 0.030 | -0.075 0.029
FExcess return on private bond -0.005 0.032 | 0.002 0.033 | 0.002 0.034
Borrower
Mortgage debt 0.027  0.001 | 0.026  0.000 | 0.026  0.000
Borrower LTV 0.787 0.041 | 0.787  0.041 | 0.787  0.043
Market value of debt LTV 0.491  0.043 | 0.467 0.039 | 0.460 0.039
Borrower debt to income 1.444  0.031 | 1.389 0.023 | 1.368 0.024
Debt/income growth 0.000 0.027 | 0.000 0.027 | 0.000 0.029
Default rate 0.035 0.039 | 0.027 0.034 | 0.025 0.032
Loss Given Default 0.570 0.018 | 0.569 0.018 | 0.569 0.018
Loss rate private 0.020 0.024 | 0.016  0.021 | 0.015 0.020
Loss rate guaranteed 0.013 0.015 | 0.009 0.012 | 0.008 0.011
Loss rate portfolio 0.013 0.015 | 0.014 0.017 | 0.015 0.020
Government
Government debt / GDP -0.027  0.011 | -0.033  0.002 | -0.034 0.001
Welfare

Aggregate Welfare 0.288  0.007 | 0.361 0.008 | 0.383  0.009
Deadweight Loss from Foreclosure -0.005 0.006 | -0.004 0.004 | -0.003 0.004
Consumption borrower 0.297  0.025 | 0.296 0.024 | 0.295 0.024
Consumption depositor 0.408 0.015 | 0.408 0.012 | 0.409 0.011
Consumption risk taker 0.078 0.008 | 0.078 0.004 | 0.078 0.004

The table reports unconditional means and standard deviations of the main outcome variables from a 10,000
period simulation of three different models. The model in the first 2 columns has a mortgage guarantee fee
of 0 (0 bp g-fee), the model in columns 3 and 4 has an average g-fee of 0.15% (expressed as a rate), and the
model in the last two columns has an average g-fee of 0.70%.

@: Return on wealth is the return on the risk takers total portfolio i.e. their positive position in mortgages and
negative position in deposits. It is set to -100% in periods, when risk takers declare bankruptcy or when risk
takers wealth falls below 0%, and to 0% when initial risk taker wealth is negative. The series is winsorised at
the 99.5th percentile.
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the Obama Administration housing reform plan to set g-fees high enough that they are only

attractive in crises.

In the high g-fee economy, risk takers shift exclusively towards holding private MBS. They
do not buy default insurance from the government, neither in good nor in bad times. The
g-fee is high enough to “crowd-in” the private sector at all times. The high g-fee economy

evaluates Option A in the Obama plan which envisions an entirely private mortgage market.

A key result is that increasing the g-fee lowers the riskiness of the financial sector. Risk
taker leverage in the intermediate g-fee economy averages 88.3% compared to 96.5% in the
zero g-fee economy. It falls further to 87.7% in the high g-fee economy. This results is not
just driven by the fact that private mortgages carry higher regulatory capital requirements
(€p > &¢). Indeed, the banks’ leverage constraint binds in only about 30% of the periods,
suggesting that banks choose to stay away from their leverage constraint in most periods.
Since banks’ portfolios now bear a substantial amount of mortgage default risk, there is less
need to lever up in order to achieve the desired risk-return relationship for intermediary
wealth. The return on risk-taker wealth, the banks’ ROE, increases as g-fees rise: from
2.2% to 3.6% to 4.1%. This happens even as the amount of risk-taker wealth (intermediary
capital) rises from 1.8% of GDP to 4.1% to 4.3%. Despite being better capitalized and
having lower leverage, they earn higher returns on equity on average. The reason is that

banks go bankrupt much less frequently as g-fees increase.

Borrowers indeed face higher interest rates. The mortgage rate increases from 3.2% in
the zero g-fee economy to 3.6% in the intermediate case and 3.7% in the high g-fee economy.
The government guarantee props up house price levels. House prices are 4% lower in the
intermediate g-fee and 5.3% lower in the high g-fee economy than in the zero g-fee case. In
equilibrium, because of lower house prices and higher mortgage rates, there is less mortgage
debt outstanding and borrowers have less mortgage debt relative to their income. Borrower
debt to income ratios fall from 144.4% in the zero g-fee economy to 138.9% in the intermediate
g-fee and 136.8% in the high g-fee economy. Because of lower house prices, loan-to-value

ratios are almost identical across economies (78.6%).
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The lower indebtedness of the borrowers results in fewer defaults and hence in smaller
loss rates for banks. The loss rate falls from 2.0% to 1.6% to 1.5% as we raise the g-fee.
This decline is largely driven by smaller default rates during housing crises (13.8%, 12.0%,
11.3%) and smaller severities. In other words, absent government guarantees, banks not
only reduce their leverage, they also take less risk on their mortgage portfolio. The safer
intermediary balance sheet (higher equity, lower leverage) reduces the frequency of financial
crises, or government bailouts dramatically from 9.4% in the zero g-fee economy to 0.8% in
the intermediate economy and to 0 (in ten thousand simulations) in the high g-fee economy.
Even though housing crises are just as frequent in all three economies by design (low o, states
happen with the same probability), they are not as severe in terms of losses the banking
sector suffers, and combined with lower leverage and larger equity stakes, they do not result
in financial crises. In the zero g-fee economy, 28% of housing crises lead to financial crises
while in the intermediate economy only 2.4% do, and in the high g-fee economy none do.
Thus, we conclude that it is the presence of the GSEs and the incentives the mortgage
guarantees create for banks to lever up and make riskier mortgages that cause housing crises

to result in systemic financial crises.

The increased stability of the financial system allows banks to expand mortgage credit in
bad times (housing crises) in the high g-fee economies more than in the zero g-fee economy.
The overall volatility in mortgage originations, as measured by the growth rate of mortgage
debt/income, is quite similar in all three economies: 2.74%, 2.73%, and 2.90%. The popular
fear that a private mortgage system would lead to large swings in the availability of mortgage

credit, especially in bad times, is unwarranted in our model.

Turning to depositors, we find that they enjoy higher average deposit interest rates in
the lower g-fee economies. The equilibrium risk-free rate goes from 1.7% to 1.9% to 2.2%.
This result is surprising at first blush. The supply of risk-free securities is lower as g-fees
rise because the intermediary balance sheet is smaller and leverage is smaller. Furthermore,
because bank bailouts are less frequent and there is little equilibrium mortgage default

insurance provision, the government spends less which further reduces the supply of risk-free
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assets. All else equal, a lower supply of risk-free debt should lead to lower interest rates.
However, the depositor’s demand for risk-free assets falls in the high g-fee economies, more
than offsetting the reduced supply. The reason is a weaker precautionary savings motive, as
depositors’ consumption is less volatile in the high g-fee economies. The intuition for this
result is that the optimal allocation of risk between risk takers and depositors is distorted
more frequently in the zero g-fee economy. When the g-fee is high, risk takers are well
capitalized and they are infrequently constrained in their intermediation capacity. They
bear all mortgage default risk. In the zero g-fee economy, mortgage crisis episodes lead to
frequent bankruptcies of risk takers, impeding their intermediation function. During these
crises the risk free rate drops sharply, effectively making depositors bear a greater part of

the mortgage default risk.

Finally, in terms of the government sector, the models with higher g-fees have lower gov-
ernment debt and less volatile government debt-to-GDP ratios (0.22% and 0.14% volatility
compared to 1.00% in the zero g-fee world). They avoid an increase in debt in housing crises
because there are much fewer/no payouts on mortgage guarantees and much less frequent /no
financial sector bailouts. Here, all the effects of higher debt go through the interest rate.
Despite higher government debt, the low g-fee economy has lower interest rates because the

allocation of aggregate risk is worse.

4.3 Welfare

In the presence of deadweight costs of foreclosures, the lower losses on mortgages lead to an
efficiency gain for the entire economy. The deadweight loss is 0.5% of GDP in the zero g-fee
economy, but only 0.35% and 0.3% of GDP in the intermediate and high g-fee economies,
respectively. The lower deadweight costs leave more resources for private consumption each
period. A second source of welfare gains is that risk sharing between the different types of
agents improves as g-fees increase. To measure the extent of the improvement, we compute

the ratios of marginal utilities between the different types. If markets were complete, agents
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Table 3: Welfare and Risk Sharing

0 bp g-fee 70 bp g-fee

mean stdev | mean stdev | mean stdev

MU ratio borrower /risk taker® -1.034 0.165 | -1.782 0.113 | -1.952 0.104
MU ratio risk taker/depositor ~ 1.594  0.122 | 1.938 0.069 | 2.017  0.060

Value function borrower? 0.325 0.009 | 0.326  0.009 | 0.327  0.009
Value Function depositor 0.256  0.005 | 0.387 0.008 | 0.426  0.008
Value function risk taker 0.240 0.006 | 0.513 0.013 | 0.612 0.016

The table reports unconditional means and standard deviations from a 10,000 period
simulation of three different models. The model in the first 2 columns has a mortgage
guarantee fee of 0 (0 bp g-fee), the model in columns 3 and 4 has an average g-fee of
0.15% (expressed as a rate), and the model in the last two columns has an average g-fee

of 0.70%.
¢: Marginal utility ratios are calculated as the difference of the logarithm of marginal

utilities.
b With unit EIS the value functions are in units of composite consumption C*—PKP?.
Therefore differences in values have a direct interpretation as consumption-equivalent
welfare differences.

would be able to achieve perfect risk sharing by forming portfolios that keep these ratios

constant. Hence larger volatilities of these marginal utility (MU) ratios indicate worse risk

sharing between the different types of agents.

Table 3 lists the average MU ratios and their volatilities for borrowers/risk takers, and
risk takers/depositors, as these are the pairs of agents that directly trade with each other.
The volatilities of both ratios decrease as g-fees rise, indicating an improvement in risk
sharing . The presence of cheap mortgage guarantees in effect leads to more fragile financial
intermediaries (risk takers). This in turn means that both the flow of funds from patient
savers to impatient borrowers, and the risk allocation among savers of different risk tolerance

break down more frequently.

Tables 2 and 3 show the increase in welfare due to improved risk sharing and fewer
deadweight losses. Raising g-fees from zero to the intermediate value increases social welfare
by 25%. Raising the g-fee further increases welfare by another 5% for a total gain of 30%.
All three agents are better off. The borrower’s welfare increases the least, by 0.6% in the full
public-to-private transition. The absence of a loss in welfare for borrowers is surprising since

providing subsidized mortgage guarantees obviously directly benefits borrowers and taking
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away these subsidies hurts them. Despite the higher mortgage rates, borrowers benefit
substantially from the improved risk sharing in the private economy. Depositor’s welfare
increases by 66% while risk taker welfare increases by a factor of 2.5 (consistent with the
fact that their average wealth more than doubles). The reform redistributes wealth to the
risk takers/bankers, raising inequality. But it makes everyone, and thus the economy as a

whole, better off.

One rationale for mortgage guarantees is the stability in the provision of mortgages due
to the government backstop. Taken as given a highly levered balance sheet of banks and the
riskiness of the mortgages they originate, a shock to output (for example) could decimate
the banks in the absence of guarantees and lead them to sharply reduce new mortgage
originations. With guarantees, the government would step in and use its ability to issue
debt to smooth out the negative shock over time. Banks would not be hurt nearly as
much because of the mortgage default insurance they enjoy. This intertemporal smoothing
technology of the government is operational in our model and does mitigate the effects
of the shock. But the logic ignores the endogenous response of the banks’ leverage and
mortgage origination choice. Absent guarantees, banks become more prudent which benefits
the stability of mortgage origination and of the financial system. In our model economy,
the private sector turns out to be able to deliver superior consumption smoothing and risk

sharing outcomes.

While absent in the model, if income taxation were distortionary and some of the higher
spending in the zero g-fee economy due to the dual guarantee had to be raised from taxes,
such distortions would further amplify the welfare costs of low g-fees. Similarly, if financial
crises had negative effects on other unmodeled sectors of the economy, that would further

amplify the welfare effects as well.
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5 Conclusion

Our main findings are that underpriced, government-provided mortgage default insurance
distorts the incentives of the financial sector in a way that leads it to take more risk in the
mortgages it originates and in the leverage it takes on. While the policy leads to higher house
prices, low mortgage rates, and low interest rates, it also leads to more frequent mortgage
defaults, and financial crises when banks become insolvent. Our model thus highlights the
connection between housing market risk and financial sector risk, a prominent feature of
financial systems in developed economies. While the government can mitigate the fallout
from such crises by spreading the costs out over time via the issuance of government debt,
the ultimate allocation of risk remains suboptimal. We document large welfare gains from
transitioning to a private mortgage system, a transition which can be effectuated by raising
the cost of the government mortgage guarantees. A safer financial sector emerges which is
better able to intermediate between borrowers and savers so as to implement the optimal
allocation of risk in the economy. While all agents in the economy gain from the transition,

the bankers gain the most so that the policy increases wealth inequality.

More broadly, the paper brings together the literatures of financial intermediary-based
asset pricing and housing finance reform. It brings in the role of the government into the
former and the importance of the financial sector into the latter. New is the possibility of
default and the government’s provision of bailout guarantees to the creditors’ of the banking
sector, as well as the interaction of those guarantees on banks’ liabilities with the mortgage

guarantees on banks’ assets.

Our model is a natural laboratory to explore the effects of government purchases of whole
mortgage loans, guaranteed mortgage bonds, and private mortgage bonds. The GSEs were
a large buyer in all categories accumulating a combined portfolio of $1.7 trillion dollars by
2007. Equally interesting would be to study the impact of the subsequent 50% reduction of
that balance sheet to $850 billion at the end of 2014. Similarly, the Federal Reserve was a

large buyer of guaranteed mortgage bonds, accumulating $1.8 trillion as part of its QE1 and
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QE3 programs. While current policy is to keep the size of this portfolio constant, studying
the change to a no-reinvestment policy would be interesting. Over the next several years,
we are likely to see a change from governmental to private sector ownership of 25% of one
of the largest fixed income markets in the world. A complete understanding of the impact
of these large purchases or sales on the mortgage market, house prices, the macro-economy,

and the financial sector remains an important challenge for future research.

There are several other promising avenues for further exploration. The model currently
abstracts from the choice between owning and renting. Abolishing the mortgage guarantees
may well affect the home ownership rate. If house price-to-rent ratios fall in the aftermath of
the policy reform, as they do in recent models that study the abolition of mortgage interest
rate deductibility, they may well boost home ownership rates. A second ingredient our work
abstracts from is the feedback effect from the mortgage lending complex to the rest of the
financial sector and to the real economy. In a world with subsidized mortgage lending,
lending to non-financial businesses with good ideas gets crowded out. Future work could
add a group of capital-constrained entrepreneurs with productive investment opportunities,
thereby endogenizing the exogenous endowment process considered here. Such a model would
add a further, possibly longer-term cost of government mortgage guarantees and financial

sector bailout guarantees.

38



References

ACHARYA, V. V., M. RICHARDSON, S. VAN NIEUWERBURGH, AND L. J. WHITE (2011):
Guaranteed To Fail: Freddie, Fannie, and the Debacle of U.S. Mortgage Finance. Prince-
ton University Press.

ADRIAN, T., aAND N. BOYARCHENKO (2012): “Intermediary leverage cycles and financial
stability,” Working paper.

ARSLAN, Y., B. GULER, anD T. TASKIN (2013): “Joint Dynamics of House Prices and
Foreclosures,” Working Paper, Indiana University.

BoLDRIN, M., C. GARRIGA, A. PERALTA-ALVA, anND J. M. SANCHEZ (2013): “Re-

constructing the Great Recession,” Federal Reserve Bank of St. Louis Working Paper
2013-006B.

BRUNNERMEIER, M. K., T. EISENBACH, AND Y. SANNIKOV (2013): Macroeconomics with
Financial Frictions: A SurveyCambridge University Press, New York.

BRUNNERMEIER, M. K., AND Y. SANNIKOV (2012): “A Macroeconomic Model with a
Financial Sector,” Working Paper, Princeton University.

CHAMBERS, M., C. GARRIGA, AND D. E. SCHLAGENHAUF (2009): “Housing Policy and
the Progressivity of Income Taxation,” Journal of Monetary Economics, 56(8), 1116-1134.

CHATTERJEE, S., AND B. EYIGUNGOR (2009): “Foreclosures and House Price Dynamics:
A Quantitative Analysis of the Mortgage Crisis and the Foreclosure Prevention Policy,”

Federal Reserve Bank of Philadelphia Working Paper 09-22.

CHuU, Y. (2014): “Credit Constraints, Inelastic Supply, and the Housing Boom,” Review of
Economic Dynamics, 17(1), 52-69.

CORBAE, D., anp E. QUINTIN (2014): “Leverage and the Foreclosure Crisis,” Journal of
Political Economy, forthcoming.

Davis, M. A., axp S. VAN NIEUWERBURGH (2015): Handbook of Regional and Urban
Economicschap. Housing, Finance, and the Macroeconomy, p. Chapter 12. North Holland.

DRECHSLER, [., A. SAvov, anD P. SCHNABL (2014): “A Model of Monetary Policy and
Risk Premia,” Working paper.

FavivLukis, J., S. C. LUDVIGSON, aND S. VAN NIEUWERBURGH (2013): “The Macroeco-
nomic Effects of Housing Wealth, Housing Finance and Limited Risk Sharing in General
Equilibrium,” Unpublished paper, New York University.

FroeroTrTO, M., M. KIRKER, AND J. STROEBEL (2012): “Government Intervention in
the Housing Market: Who Wins, Who Loses?,” Working Paper, Stanford University.

GARLEANU, N., anp L. H. PEDERSEN (2011): “Margin-based Asset Pricing and Deviations
from the Law of One Price,” Review of Financial Studies.

39



GARRIGA, C., anp D. E. SCHLAGENHAUF (2009): “Home Equity, Foreclosures, and
Bailouts,” Working Paper, Federal Reserve Bank of St. Louis.

GERvVAIS, M. (2002): “Housing Taxation and Capital Accumulation,” Journal of Monetary
Economics, 49(7), 1461-1489.

HANSEN, G. D. (1985): “Indivisible Labor and the Business Cycle,” Journal of Monetary
Economics, 16, 309-327.

HE, Z., AND A. KRISHNAMURTY (2013): “Intermediary asset pricing,” American Economic
Review, 103 (2), 732-770.

HEDLUND, A. (2014): “The Cyclical Dynamics of Illiquid Housing, Debt, and Foreclosures,”
Working Paper, University of Missouri.

JESKE, K., D. KRUEGER, anD K. MITMAN (2013): “Housing, Mortgage Bailout Guaran-
tees and the Macro Economy,” Journal of Monetary Economics, 60(8).

JORDA, O., M. SCHULARICK, AND A. TAYLOR (2014): “Betting the House,” NBER Work-
ing Paper No. 20771.

KiyoTaki, N., A. MICHAELIDES, AND K. NIKOLOV (2011): “Winners and Losers in Hous-
ing Markets,” Journal of Money, Credit and Banking, 43(2-3), 255-296.

LanpvoicT, T. (2012): “Aggregate Implications of the Increase in Securitized Mortgage
Debt,” Working Paper, Stanford University.

LanpvoicT, T., M. P1azzesi, anD M. SCHNEIDER (2013): “Housing Assignment with
Restrictions: Theory and and Evidence from the Stanford Campus,” Working Paper,
Stanford University.

MAcGaGIorI, M. (2013): “Financial intermediation, international risk sharing, and reserve
currencies,” Working paper.

ORTALO-MAGNE, F., axD S. RADY (2006): “Housing Market Dynamics: On the Contri-
bution of Income Shocks and Credit Constraints,” Review of Economic Studies, 73(2),
459-485.

SOMMER, K., AND P. SULLIVAN (2013): “Implications of U.S. Tax Policy for House Prices,
Rents and Homeownership,” Working Paper, Federal Reserve Board of Governors.

40



A Appendix A: Model Solution

We reformulate the problem of risk taker, depositor, and borrower to ensure stationarity of the problem. We
do so by scaling all variables by permanent income.

A.1 Borrower

A.1.1 Preliminaries

We start by defining some preliminaries.

Za(wy) =[1 = Fo(wi;x)]
Zr(wy) = [1 = Fu(wi; )IE [wi | wie > wisx]

and F,(-;x) is the CDF of w; + with parameters y. Assume w;+ are drawn from a Gamma distribution with
shape and scale parameters x = (o, x1) such that

tew = BEilwi s x0, X1] = Xox1
7., = Vari[wi; xo, X1] = XoX1
From Landsman and Valdez (2004, equation 22), we know that

1—F,(@;x0+1,x1)
1 — F,(w; x0, X1)

Ewlw > @] = p

so the closed form expression for Zx is
Zr(wf) = b [1 = Fu(wis xo + 1, x1)]
It is useful to compute the derivatives of Zx (-) and Z4(-):

0Zk(w;) 0 /°°

* - *
owy ow;

wWg(w)dw = —w; fu(w)),

5
t

0Za(wi) _ 0 /°° (o
awzc - awzc w: fw(w)dw_ fw(wt)7

where f,,(-) is the p.d.f. of a Gamma distribution with parameters (o, x1)-

A.1.2 Statement of stationary problem

Let SP = (gt,awyt,WtR,WtD ,BS 1) represent state variables exogenous to the borrower’s decision. We
consider the borrower’s problem in the current period after income and house depreciation shocks have been
realized, after the risk taker has chosen a default policy, and after the random utility penalty is realized.
Then the borrower’s value function, transformed to ensure stationarity, is:

_0 p11-1/v
VG AP SP = s L) [(€8) ()]

1
1—-1/v 1-1/v
T-op

- l-op
+ BE; [(egt+1VB(K§7AF+178£1)) }
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subject to

CP = =PWP + Zi() )pe K2y + a" B = (1 = 1" Za(w)AP — p. K[
APy = e o1 [0, (w7) AP + BE)

16
17

oipe KP > §Za (wy) AP + Bﬂ 18

1
5

(
(
(
S = h(SP) (

)
)
)
19)
where the functions Zx and Z4 are defined in the preliminaries above.
The continuation value V5 () must take into account the default decision of the risk taker at the beginning
of next period. We anticipate here and show below that the default decision takes the form of a cutoff rule:
VE(KE AP SP) =F,(p0)E, [VP(KZ 1, AP SP) | p < pi] + (1= Fo(0) E, [VP(KE AP, 8P) [p > pi]
=Fp (0 )V (K21, AT S (pe < ) + (1= Fp(p)) VE(K 21, AT S (pe > p))), - (20)
where (20) obtains because the expectation terms conditional on realizations of p; and p; only differ in the
values of the aggregate state variables.

Denote the value function and the partial derivatives of the value function as:

‘/tB = V(Kt'ZlvAthstB)a
aV(KIElvAtBuStB)

Vi = 9AP ’
t
VB — aV(Kt‘ilvAtBustB)
e OKP |

Therefore the marginal values of borrowing and of housing of V2 (+) are:

OVE(KZ,, AP, S (pr < p7)) OVE(KL |, AP, S (pr > pi)

Vft:Fp(p:) +(1_Fp(p:))

DAF DAE

- S OVE(EE AP SP (p < p})) o OVE(KE AP SP(pr > p})

Vlgt:Fp(Pt) : 16.;(3 L : +(1_Fp(Pt)) : laléB L :
t—1 t—1

Denote the certainty equivalent of future utility as:
~ l-op|1-05
CEP =, | (v 7P (P AP 5E) |

Recall that

—0 0
uf = (CF)"" (AkKE,)
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A.1.3 First-order conditions

New mortgages The FOC for new mortgage loans BY is:

0- ﬁ {(1 g [(00) " (x4

i
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~ l—op | 1-0p
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where AP is the Lagrange multiplier on the borrowing constraint.

Simplifying, we get:

ml 0 v — v
'~ (1= ) (V) ) Y =
1  / — 0BT/ op—1/v v
)\’?—1 s _ﬁBEt[(engvﬁl) Bvxft-i-l](CEF) 5=1/ (V;eB)l/ (21)

Houses The FOC for new purchases of houses K7 is:

1

O:1—1/u

(VP { (1= 1/v)(1 = Bp)(uf) " (1 = O)(Ax K2 (CF) *pit
1/V

+ 1 ﬁB(CEB)UB 1/UEt[(1 _ UB)(eq'“VB )~ O'Begt+1‘71?)t+l]} + )\tB¢tpt.

Simplifying, we get:

1-46

cP
ABdipy + BpE el =089+ (Vi3,)~» ‘N/}?Hl](CEE)UBfl/V(V;B)l/V (22)

e (1= B) (V)Y (uf ) 1Y =

Default Threshold Taking the first-order condition with respect to w} and using the expressions for
the derivatives of Zx () and Z4(+) in the preliminaries above yields:

1-46

T (L= B V) ) =

folwp) [wipe K2, = (1= )AB]
5ABfw( ){/\B ﬂBEt {(egt+1‘~/t]il)_‘73 V£t+1] % (OEtB)oBfl/v (VtB)l/V}.

This can be simplified by replacing the term in braces on the RHS using the FOC for new loans (21) and
solving for w; to give:
AP (1 — 7" + dq7")

w; = . 23
; KPS (23)
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Maximum Loan-to-Value Ratio The maximum LTV parameter ¢, in (18) is set so that lenders
achieve the same expected loss on their mortgage portfolio each period. Let that constant loss rate be .
Lenders adjust the maximum LTV ratio ¢; so that the expected loss when the constraint binds is equal to
the target:

E¢ [L(¢d)] = o,

where the loss rate (per unit of the bond) is:

(1 — Q) Zuu)) 4 (1 4 G ) Za(@r41)

L =1-

)

and the associated default threshold at the beginning of next period when the constraint binds is

(L =771y +0q78 1) epe1 KP
pt+1KtB

QOpy1 = = ¢u(1 — 7y + 0qi).

Holding fixed ¢} |, a higher ¢; increases the loss rate because fewer mortgages will be repaid (Z4 is lower),
and the recovery value of the foreclosed houses is lower.

A.1.4 Marginal Values of State Variables and SDF

Mortgages Taking the derivative of the value function with respect to AP gives:

m * 10 v —1/v
V,f,t:_(l_Tt )Za(wy) OB (1_68)(‘43)1/ (“tB)l 1/
t

1

- 5ZA(W:){/\§E - ﬂBEt[eng(egt“‘?ﬁl)ﬂmvftﬂ] x (CEP )7 = (vB) /vy

Note that we can substitute for the term in braces using equation (21).

* m m 1-0 v —1/v
VABit = —Za(wy) (1 — 7"+ dq") OB (1- ﬁB)(VtB)l/ (uf)l v, (24)
t

Houses Taking the derivative of the value function with respect to K2 ; gives:

e 1-6
1-0K2,] CF

Vide = |pZx(wp) + (ViPY (1= Bp)(up ) Y. (25)

SDF Define the borrower’s intertemporal marginal rate of substitution between ¢ and t 4 1, conditional
g

on a particular realization of p;1 as:

8VtB/acfH — a‘/;B e Jt+1 8‘/7531/8031

oVFjocE ~ v, OVEJOCE

MP i1 (pria) =

- 53)(‘451)1/”(%%1)1_1/”

1
o (L= Bp)(VP)V» ()=

-1 1-1/v —(o—1/v)
_ ﬁ e—a'Bgt+1 CtBiFl utBJrl ‘/til .
P cB ub CEP

We can then define the stochastic discount factor (SDF) of borrowers as:

= (VP Bp(CEL)™ 1 (e VE ) ~ow

Mft-i—l = Fp(PI+1)MEt+1(Pt+1 <pip) + (1 - Fp(prﬁ-l))Mft-i-l(thrl > pit1);
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where MP, 1 (pir1 < piy1) and MP, (pig1r > piy1) are the IMRSs, conditional on the two possible
realizations of state variables.

A.1.5 Euler Equations

Mortgages Observe that we can rewrite equation (21) as:

m cpP
= (1—0)(1 = Bp) (V) (uP)1-1/v {

1 C; — OB Y/ op—1/v v
AP = B V)V I(CER vy
We define the rescaled Lagrange multiplier of the borrower as the original multiplier divided by marginal
utility of consumption:
cr

\B _ B
N T B P T

Recall that Vft 41 is a linear combination of Vf:t 1 conditional on p; being below and above the threshold,

and with each Vf)t 41 given by equation (24). Substituting in for f/}ft 41 and using the SDF expression, we

get the recursion:

m 3 1 - * m
qt — )\th + Et [MEH-IZA(WH-I) (1 — Tte—l =+ 5qt+1)} . (26)

Houses Likewise, observe that we can write (22) as:

pe [1 - Z\qu} _ BeEiest (e VE) 7R VE | (CER) 7=V (V)Y
t TI0 - Ba) (VO )7

Recall that 1711(3 ++1 is a linear combination of V}?, +41 conditional on p; being below and above the threshold,

and with each VI?) 41 given by equation (25). Substituting in for f/lff ++1 and using the SDF expression, we
get the recursion:

_ : . 0CE
n[1-3Fo] =B [Mft“egw {p e Ziin) + T H 0
t

A.2 Depositor

We solve a restricted problem where we assume that the depositor does not buy private long-term mortgage
bonds. After solving the model under this assumption, we go back and verify that the depositor indeed does
not want to deviate from a zero position in equilibrium.

A.2.1 Statement of stationary problem

Let 8P = (gt, 0w, WE,AB Btcil) be the depositor’s state vector capturing all exogenous state variables.
Scaling by permanent income, the stationary problem of the depositor -after the risk taker has made default
her decision and the utility cost of default is realized- is:

DD oDy _ Dy1-0 p (01
YOS cp g, (00 O (s T

1-1/v ) T-1/v

- l-op
+ BpE; |:(egt+1VD(Wt€)i-l783-1)) }
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subject to

CP=0-mYP+WpP — (g + AP ¢ — ol BP — (1= mw)pi KP4 (28)
Wt?kl =e [(Mt-i-l G+ 6ZA(wt+1)qt+l)At+l at BtD] (29)
BP >0 (30)
Al >0 (31)
Sh1=NsSP) (32)

As before, we will drop the arguments of the value function and denote marginal values of wealth and
mortgages as:

VP =VPWP.sP),
ovL(wp, sP)

VW t — (9WtD )

Denote the certainty equivalent of future utility as:
CEP = F {(egfﬂvD(WtD,stD))l_aD] ,
and the composite within-period utility as:
ug = (CP) U (ARKL,)’.

Like the borrower, the depositor must take into account the risk-taker’s default decisions and the real-
ization of the utility penalty of default. Therefore the marginal value of wealth is:

VP (WP, SP(pe < p})) VoW, SP(pe > Pt)

VP, =F 1-F
Wt p(py) 6Wt +( p(p)) (9Wt
A.2.2 First-order conditions
The first-order condition for the short-term bond position is:
1-6 y y
al ~gp- (1= Bo) (V) () 71" =
A+ BoEi[(e? VR ) TP VD, G I(CER )7~ Y (V)Y (33)

where AP is the Lagrange multiplier on the borrowing constraint (30).

The first order condition for the government-guaranteed mortgage bond position is:

m 1 9 14 v
(" + 900 (L= Bo) (V) (P )1 =
1By + BOEA( V2P TR 1y (Mo + 0Zalwl)an(CEP )PV VP) 7, (34)

where utD_G is the Lagrange multiplier on the no-shorting constraint for guaranteed loans (31).
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A.2.3 Marginal Values of State Variables and SDF

Marginal value of wealth is:

1-0 i
Vive = ~gp (1= Bo)(Vi2)/7 (wp?) ' =117, (35)
t

and for the continuation value function:

VP (WP SP(pr < p))

oVPWL,SP(pi > p})
owp '

owp

VVII:/),t:Fp(P:) +(1_Fp(p:))

Defining the SDF in the same fashion as we did for the borrower, we get:

v.D —(op—1/v) P -1 uP 1-1/v
MD _ —ODgt+1 t+1 t+1 t+1 :
t,t+1(ﬂt) Bpe (CEtD CtD D

Uz

and
Mt[,)tJrl = Fp(prJrl)MEtJrl(thrl < piy1) +(1 - Fp(p:Jrl))MEtJrl(thrl > piy1)-
A.2.4 Euler Equations

Combining the first-order condition for short-term bonds (33) with the marginal value of wealth, and the
SDF, we get the Euler equation for the short-term bond:

af = NP + B¢ [MP, ] (36)

where S\tD is the original multiplier A” divided by the marginal value of wealth.

Similarly, from (34) we get the Euler Equation for guaranteed mortgages:

@+ = ﬂg,t +E; [MEtJrl (MG,tJrl =+ 5ZA(W:+1)Q§11)] (37)

A.3 Risk Takers

A.3.1 Statement of stationary problem

Denote by W/ risk taker wealth at the beginning of the period, before their bankruptcy decision. Then
wealth after realization of the penalty p; is:

WtR = (1= D(p))W,
and the effective utility penalty is:
pt = D(pt)pe.
Let St = (gt, owit, WP, AB B 1) denote all other aggregate state variables exogenous to risk takers.

After the default decision, risk takers face the following optimization problem over consumption and
portfolio composition, formulated to ensure stationarity:

~ Ry1—6,4-R \071—1/v
VRTE, 5, SF) = max {<1 — ) [(CD U
CtR7A§+1,P’A§+1,P7BtR
11/ ) TRI7w
- l—or]| T-0ogr
—l—ﬁREt |:(egt+1 VR (Wtjilvsﬁ%l)) :| (38)
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subject to:

A=Y+ W =CF + (1 — po)p K, + Q?AEH,P + (" + %)Aﬁu,c +q/ BY, (39)
Wi, =e 9% [(Myg1,p + 5ZA(WZ‘+1)qZ’11)Aﬁ1,p + (Miy1,6 + 5ZA(“:+1)Q7TH)A£H,G + B, (40)
Bft> - q?(fPAﬁl,P +§GA£H,G)7 (41)

Al 20, (42)

Afirp 20, (43)

Si1 =h(S]). (44)

The continuation value V7 (Wit,,8f ) is the outcome of the optimization problem risk takers face
at the beginning of the following period, i.e., before the decision over the optimal bankruptcy rule. This
continuation value function is given by:

VEW S = max E, [D(p)VT(0, p, S) + (1= D(p))VE(W,0,8)] (45)

Define the certainty equivalent of future utility as:

1
I—op

OBl = b | (e v (s st)) T ()

and the composite within-period utility (evaluated at p = 0) as:

uft = (CF)' (AR K)" .

A.3.2 First-order conditions

Optimal Default Decision The optimization consists of choosing a function D(p) : R — {0, 1} that
specifies for each possible realization of the penalty p whether or not to default.

Since the value function VE(W, p, SF) defined in (38) is increasing in wealth W and decreasing in the
penalty p, there will generally exist an optimal threshold penalty p* such that for a given W[, risk-takers

optimally default for all realizations p < p*. Hence we can equivalently write the optimization problem in
(45) as

VR(WtRaStR) :H;%X EP []]'[p < p*] VR(Ovpv StR) + (1 - ]]'[p < p*]) VR(WthoaStRH

—max F(p") B, [VA(0,p.S5) | p < ] 4+ (L= Fy(0") VAWE,0,5P)

The solution p; is characterized by the first-order condition:
V0,07, 8f) = VE(W?,0,8]).
By defining the partial inverse F : (0,00) — (—00,00) of V¥(-) in its second argument as
{(z,y) 1y = F(2) & 2 =VE(0,y)},

we get that
Py = F(VEWS,0,80), (47)

and by substituting the solution into (45), we obtain

VR(Wthsﬁ) = Fp(pr)EP [VR(07p7 StR) |p < p:] + (1 - Fp(PI)) VR(WtRaousﬁ)' (48)
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Equations (38), (47), and (48) completely characterize the optimization problem of risk-takers.

To compute the optimal bankruptcy threshold p;, note that the inverse value function defined in equation
(47) is given by:

(&) = {log((l — Br)uft) — L log (4171 — BR(CER)-1Y) for v > 1
(1 — Br)log(ult) + Brlog(CEE) —log(z) — (1 — Bgr) if v = 1.

Optimal Portfolio Choice The first-order condition for the short-term bond position is:

qi 1OR9(1 - BR)(VR)I/V( )171/V =

AL+ BRE(e9 1 Vi) TR Vi J(CE) T n =t (V) (49)

where A is the Lagrange multiplier on the borrowing constraint (41).

The first order condition for the government-guaranteed mortgage bond position is:

(qi" + ”Yt)lc 9(1 - ﬁR)(VR)l/V( )1—1/1/ _

/\ffGQZn + Ng,t + BREt[(eQHIVtil)_GRVVﬁtH (MG,t+1 + 5ZA(W:+1)QZ11)](CEtR)GR_l/U(VtR)l/Ua (50)
where ,ufc is the Lagrange multiplier on the no-shorting constraint for guaranteed loans (42).
The first order condition for the private mortgage bond position is:

= BV =
Mipg™ + Ng,t + BREt[(eg”lf/}il)_aRVv};,t+1 (Mpg1+ 5ZA(W:+1)Q;11)](CEtR)UR_l/U(V;R)l/Ua (51)

where ,ufp is the Lagrange multiplier on the no-shorting constraint for guaranteed loans (43).

A.3.3 Marginal value of wealth and SDF
Differentiating (48) gives the marginal value of wealth

OVE(WE,0,SE)
oW ’

Vite = (1= F,(p7))

where
(’“)VR(WtR,O,Sf) _1-0

OW R -~ CR

(1= Br) (VWL 0,809)/ (uft) 117,

The stochastic discount factor of risk-takers is therefore

1-1/v

—(ocr—1/v) -1 -
Mﬁt | = Bre 7RIt VR(Wt{%H’O’SfH) : Ct+1 ugl
o CElR cE ul? ’

and B
Mffm =(1- Fp(PI+1))MEt+1
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A.3.4 Euler Equations

It is then possible to show that the FOC with respect to BF, Aﬁ_l)c, and Aﬁrl,P respectively, are:

qr = ;\ﬁ +Ey {MftJrl} ) (52)
q"(1— fG:\iR) + 7 = i, + By [MftJrl (MG.,tJrl + 5ZA(WZK+1)QZLH)} ; (53)
(1= oM = i+ B [ME,y (M +0Za(i)aih)] 54)

A.4 Equilibrium
The optimality conditions describing the problem are (16), (26) and (27) for borrowers, (28), (36), and (37)
for depositors, and (39), (52), (53), and (54) for risk takers. We add complementary slackness conditions

for the constraints (18) for borrowers, (30) and (31) for depositors, and (41), (42), and (43) for risk-takers.
Together with the market clearing conditions, these equations fully characterize the economy.

B Calibration Appendix

B.1 States and transition Probabilities

After discretizing the aggregate real per capita income growth process as a Markov chain using the Rouwen-
horst method, we obtain the following five states for ¢:

[0.943, 0.980, 1.018, 1.058, 1.101]

with 5 x 5 transition probability matrix:

0.254 0.415 0.254 0.069 0.007
0.103 0.381 0.363 0.134 0.017
0.042 0.242 0.430 0.242 0.042
0.017 0.134 0.363 0.381 0.103
0.007 0.069 0.254 0.415 0.254.

We discretize the process for o2 into a two-state Markov chain that is correlated with income growth g.
The two states are:

[.078,.203]
The transition probability matrix, conditional on being in one of the bottom two g states is:

0.80 0.20
0.01 0.99

The transition probability matrix, conditional on being in one of the top three g states is:

1.0 0.0
1.0 0.0

The stationary distribution for the joint Markov chain of g and o2 is
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State 1 2 3 4 5 6 7
g 0.943 0.943 0.980 0.980 1.018 1.058 1.101
o2 0.078 0.203 0.078 0.203 0.078 0.078 0.078
Prob. | 0.039 0.023 0.167 0.081 0.372 0.255 0.063

From a long simulation, we obtain the following mean, standard deviation, and persistence for g: 1.019,
.039, and .42, respectively. We obtain the following mean, standard deviation, and persistence for o2: .092,
.039, and .46, respectively. We obtain a correlation between g and o, of -0.42.

B.2 Evidence on default rates and mortgage severities

Since not all mortgage delinquencies result in foreclosures (loans can cure or get modified), we use the
fraction of loans that 90-day or more delinquent or in foreclosure as the real world counterpart to our model’s
default rate. Some loans that were 90-day delinquent or more received a loan modification, but many of
these modifications resulted in a redefault 12 to24 months later. Given that our model abstracts from
modifications, using a somewhat broader criterion of delinquency than foreclosures-only seems warranted.

The observed 90-day plus (including foreclosures) default rate rose from 2% at the start of 2007 to just
under 10% in 2010.Q1. Since then, the default rate has been gradually falling back, to 4.7% by 2014.Q3
(Mortgage Bankers Association and Urban Institute). The slow decline in foreclosure rates in the data is
partly due to legal delays in the foreclosure process, especially in judicial states like New York and Florida
where the average foreclosure process takes up to 1000 days. In other part it is due to re-defaults on modified
loans. Since, neither is a feature of the model, it seems reasonable to interpret the abnormally high default
rates of the post-2013 period as due to such delays, and to reassign them to the 2010-2012 period. If we
assume that the foreclosure rate will return to its normal 2% level by the end of 2016, then such reassignment
delivers an average foreclosure rate of 8.5% during the 2007-2012 foreclosure crisis. Absent reassignment,
the average default rate would be 5.9% over the 2007-2016 period. Jeske et al. (2014) target only a 0.5%
foreclosure rate, but their calibration is to the pre-2006 sample. The evidence from the post-2006 period
dramatically raises the long-term mean default rate.

Fannie Mae’s 10K filings for 2007 to 2013 show that severities, or losses-given-default, on conventional
single-family loans were 4% in 2006, 11% in 2007, 26% in 2008, 37% in 2009, 34% in 2010, 35% in 2011,
31% in 2012, and 24% in 2013. Severities on Fannie’s non-conforming (mostly Alt-A and subprime) portfolio
holdings exceed 60% in all these years. If anything, the severity rate on Fannie’s non-conforming holdings
is lower than that of the overall non-conforming market due to advantageous selection (Adelino et al 2014).
Given that the non-conforming market accounted for half of all mortgage originations in 2004-2007, the
severities on conventional loans are too low to accurately reflect the market-wide severities. To take account
of this composition effect, we target a market-wide severity rate of 40% in the crisis (2007-2012). We target
a severity rate of 15% in non-crisis years (pre-2007 and post-2012), based on Fannie’s experience in that
period and the much smaller size of the non-conforming mortgage market in those years.

Combining a default rate of 2% in normal times with a severity of 15%, we obtain a loss rate of 0.3%
in normal times. Combining the default rate of 8.5% during a foreclosure crisis with the severity of 40% in
crises, we obtain a 3.4% loss rate.

To obtain mortgage debt to GDP in normal times and in crisis times, we calculate a time series of
household mortgage debt (including debt on mutli-family real estate owned by the household sector) and
divide by GDP. Since mortgage debt-GDP saw a gradual decrease for reasons related to new technology,
such as automated underwriting and securitization, we focus attention on the post-1985 period. Mortgage
debt-GDP averages to 54% in the 1985-1999 period. We target this for our normal times value. Mortgage
debt-GDP averages to 78% in the 2000-2014 period. We target that number for our crisis number.
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B.3 Long-term mortgages

Our model’s mortgages are geometrically declining perpetuities, and as such have no principal. The issuer
of one unit of the bond at time ¢ promises to pay the holder 1 at time ¢ 4+ 1, § at time ¢ + 2, 62 at time
t + 3, and so on. If the borrower defaults on the mortgage, the government guarantee entitles the holder to
receive a “principal repayment” F' = %5, a constant parameter that does not depend on the value of the
collateral or any state variable of the economy. Real life mortgages have a finite maturity (usually 30 years)
and a principal payment. They also have a vintage (year of origination), whereas our mortgages combine
all vintages in one variable. This appendix explains how to map the geometric mortgages in our model into
real-world mortgages.

Our model’s mortgage refers to the entire pool of all outstanding mortgages. In reality, this pool not only
consists of newly issued 30-year fixed-rate mortgages (FRMs), but also of newly issued 15-year mortgages,
other mortgage types such as hybrid adjustable-rate mortgages (ARMs), as well as all prior vintages of all
mortgage types. This includes, for example, 30 year FRMs issued 29 years ago. The Barclays U.S. Mortgage
Backed Securities (MBS) Index is the best available measure of the overall pool of outstanding government-
guaranteed mortgages. It tracks agency mortgage backed pass-through securities (both fixed-rate and hybrid
ARM) guaranteed by Ginnie Mae (GNMA), Fannie Mae (FNMA), and Freddie Mac (FHLMC). The index
is constructed by grouping individual TBA-deliverable MBS pools into aggregates or generics based on
program, coupon and vintage. For this MBS index we obtain a time series of monthly price, duration (the
sensitivity of prices to interest rates), weighted-average life (WAL), and weighted-average coupon (WAC) for
January 1989 until December 2014.

Our calibration strategy is to choose values for § and F' so that the relationship between price and interest
rate (duration) is the same for the observed Barclays MBS Index and for the model’s geometric bond. We
proceed in two steps. In the first step, we construct a simple model to price a pool of MBS bonds and
calibrate it to match the observed time series of MBS durations. With this auxiliary model in hand, we then
choose the two parameters to match the price-rate curve in the auxiliary model and the geometric mortgage
model.

B.3.1 Step 1: A simple MBS pricing model

Changes in duration of the Barclays MBS index are often driven by changes in the index composition.
As mortgages are prepaid and new ones are issued with different coupons, both the weighted-average-life
and weighted-average-coupon of the Index change significantly. Any model that wants to have a chance at
matching the observed durations must account of these compositional changes.

For simplicity, we assume that all mortgages are 30-year fixed-rate mortgages. We construct a portfolio
of MBS with remaining maturities ranging from 1 to 360 months. Each month, a fraction of each MBS
prepays. We assume that the prepayment rate is given by a function CPR(¢c — r) which depends on the
“prepayment incentive” of that particular MBS, defined as the difference between the original coupon rate of
that mortgage and the current mortgage rate. We assume that every prepayment is a refinancing: a dollar
of mortgage balance prepaid result in a dollar of new mortgage balance originated at the new mortgage rate.
In addition, each period an exogenously given amount of new mortgages are originated with a coupon equal
to that month’s mortgage rate to reflect purchase originations (as opposed to refinancing originations).

In a given month ¢, each mortgage i has starting balance bal, pays a monthly mortgage pmt of which
int! is interest and prin! is scheduled principal, where i is the remaining maturity of the mortgage, i.e.,
the mortgage was originated at time t — (360 — i) — 1. Denote the unscheduled principal payments, or
prepayments, by prpi. Let SMM; be the prepayment rate in month ¢ on that mortgage. The evolution
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equations for actual mortgage cash flows are:

inti = cti(?’i%)fl x ball
pring = pmt; — int;
prpt = SM M (bal! — prin?)
baly; 1 = (1 — SMM;])(bal} — prin})
pmtij& = (1 — SMM;})pmt!

The initial payment is given by the standard annuity formula, normalizing the amount borrowed to 1.

Ct—1

t360 12
pm 1— (14 ¢y /12)=360
360 ‘
balf’GO =1+ Zprpifl
i=1

The last equation says that the initial balance of new 30-year FRMs is comprised on 1 unit of purchase
originations, an exogenously given flow of originations each period, plus refinancing originations which equal
all prepayments from the previous period.

Furthermore, at every month ¢ we compute projected cash flows on each mortgage assuming mortgage
rates stay constant from ¢ until maturity 7. These projected cash flows follow the same evolution equations
as presented above. Denote these projected cash flows with a tilde over the variable.

We can then compute the price P, (modified) duration Dur:, and weighted-average-life WAL, of the
MBS portfolio comprised of all vintages:

360 ¢

pmtt_,_s + prpt—i—s
P, = _— "
k z; ZO (14 r/12)*
360 pmt —i—prp
D _ t+s t+s
ury e ; Pi ; (1+7/12)8 —S

360
WAL; — Z Zs 0 pmttJrs +prpt+s)

360
Zs 0(pmtt+s + PTPHS)

What remains to be specified is our prepayment model delivering the single-month mortality SM M;
used above. Following practice, we assume an annual constant prepayment rate (CPR) which is a S-shaped
function of the rate incentive: CPR} = CPR(ry — ¢;—(360—i)—1):

CPR(x) = CPR+ (CPR — CPR) <1 __exp(r —T) )

1+ exp(¥(z — 7))

The annual CPR implies a monthly SMM SM M} = factor; x (1 — (1 — (CPR:)*/12). The multiplicative
factor; allows us to deal with slow prepayments early in the life of the mortgage (the “ramp-up” phase) and
late in the life of the mortgage (the “burn-out” phase). For simplicity, we make factor; linearly increasing
from 0 in month 1 (when ¢ = 360) to 1 in month 30, flat at 1 between month 30 and month 180 and
linearly decreasing back to 0 between months 180 and month 360. We choose the CPR curve parameters
{ CPR,CPR,, 3‘:} to minimize the sum of squared errors between the time series of model-implied duration
{Dur} and observed duration on the Barclays index.

To produce the time-series of model-implied duration { Dur; }, we feed in the observed 30-year conventional
fixed rate mortgage rate (MORTGAGE30US in FRED), {r;}. We initialize the portfolio many years before
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the start of our time series data to ensure that the model is in steady state by the time our time series for
the Barclays index starts. Specifically, we start the computation in April 1903 by issuing 1 MBS. By March
1933, we have a complete portfolio of 360 fixed-rate amortizing mortgages, maturing any month from April
1933 to March 1963.

The left panel of Figure 2 shows the observed time series of duration on the Barclays MBS index plotted
against the model-implied duration on the MBS pool. The two time series track each other quite closely
despite several strong modeling assumptions. The resulting CPR curve looks close to historical average
prepayment behavior on agency MBS, as prepayment data from SIFMA indicate. CPR is slightly above
40% when the rate incentive is 200 basis points or more, about 15% when the rate incentive is zero, and
slightly above 5% when the rate incentive is below -200 basis points.

Figure 2: Matching Mortgages in Model to Data

The left panel plots the observed time series of duration on the Barclays MBS index (solid line) plotted against the duration
on the model-implied MBS pool (dashed-line). The right panel plots the mortgage price-interest rate relationship for the
model-implied MBS pool (solid line) and the model-implied geometrically declining perpetual mortgage (dashed line). Prices
on a $100 face value mortgage are on the vertical axis, while interest rates are on the horizontal axis. The Barclays MBS
index data are from Bloomberg for the period 1989 until 2014 (daily frequency). The calculations also use the 30-year
fixed-rate mortgage rate from FRED.
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B.3.2 Step 2: Matching MBS pool to perpetual mortgage in our model

With a well-calibrated auxiliary model for a MBS pool, we now proceed to match key features of that
auxiliary model’s MBS pool to the mortgage in our model, which is a geometrically declining perpetuity.

We start by computing the price P(r) of a fixed-rate MBS with maturity 7" and coupon ¢ as a function of
the current mortgage rate r, using the constant prepayment rate function CPR(T) = CPR(r — c) obtained
from step 1. For T and ¢ we use the time-series average of the weighted-average maturity and weighted-
average coupon, respectively, from the model-implied MBS pool obtained in step 1.

We can write the steady-state price of a geometric mortgage with parameters (J, F') recursively as:

Q) = —— (1= CPR() + CPRO)F + (1 - CPR())IQ())
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Solving for Q(r), we get

0(r) = 1— CPR(r) + CPR(r)F
147 -6(1—CPR(r)

The stage 2 calibration determines how many units X of the geometric mortgage with what parameters
(6, F') one needs to sell to hedge one unit of the MBS against parallel shifts in interest rates, across the range
of historical mortgage rates:

in [[P(r)—X 2d
win [1P() - XQU)Pdr

We estimate values of § = 0.967, F' = 10.675, which implies o = 0.3524, and X = 0.1022. For the model
calibration, we only need 0 and «. The right panel of Figure 2 shows that the fit is excellent. The average
error is only 0.28% of the MBS pool price.

In conclusion, despite its simplicity, the perpetual mortgage in the model captures all important features
of real life mortgages (or MBS pools). The relationship between price and interest rate is convex when rates
are high and concave (“negative convexity”) when rates are low, which is when the prepayment option is
in the money. It matches the interest rate risk (duration) of real-life mortgages, for different interest rate
scenarios.
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