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ABSTRACT

In the first chapter, we analyze the removal of the credit-risk guarantees provided by
the Government Sponsored Enterprises (GSEs) in a model with agents heterogeneous in
income and house price risk. We find that wealth inequality increases, driven by higher
mortgage spreads and housing rents. Housing holdings become more concentrated.
Foreclosures fall. The removal benefits high-income households while hurting low and
mid-income households (renters and highly leveraged mortgagors with conforming
loans). GSE reform requires compensating transfers, sufficiently high elasticity of
rental supply, or linking GSE reform with the elimination of the mortgage interest
deduction.

In the second chapter, we show that the structure of the mortgage system is a
key determinant of the intensity of a liquidity trap. Mortgage recourse systems, by
discouraging default and debt-reductions, magnify the impact of nominal rigidities
and cause deeper and more persistent recessions in the presence of long-term debt.
We study a quantitative model with agents heterogeneous in idiosyncratic income and
housing values. Following a collapse of house prices, non-recourse mortgages generate
spikes in foreclosures as leveraged low-income households default on their mortgages.
This leads to wealth redistribution towards the households with a higher marginal
propensity to consume, and to a faster recovery in aggregate consumption which
mitigates wage norms and the zero lower bound. Recourse mortgages can account for
25% of the difference in recovery between the U.S. (mostly non-recourse country) and

Spain (recourse country).
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CHAPTER 1

DISTRIBUTIONAL IMPLICATIONS OF GOVERNMENT GUARANTEES IN

MORTGAGE MARKETS

1.1 INTRODUCTION

Reforming the housing finance system is a pressing policy issue in the U.S., but all
recent proposals have failed to gain Congressional support.! The status quo is that
the federal government, directly or indirectly, insures the credit risk of most of the
mortgage market.? Most policy reforms propose to dramatically reduce the size of the
Government Sponsored Enterprises (GSEs). The effect of the policy on inequality is a
key element of the debate.

In this paper, we study the distributional implications of the GSEs. We analyze a
quantitative general equilibrium model with endogenous mortgage spreads and agents
heterogenous in idiosyncratic income, housing tenure choices, and idiosyncratic house
value shocks. To focus on distributional questions, we abstract from the aggregate
shocks that are a key element in the business cycle analysis of Elenev, Landvoigt and
Van Nieuwerburgh (2016). We model all the aspects of current U.S. housing policy
that are relevant to study inequality (FHA, GSE and jumbo loans, mortgage interest

deductibility, guarantee fees, progressive taxes and social transfers).

IFor example, the U.S. Congress failed to approve the Corker-Warner and the Johnson—
Crapo bills. The Obama administration also made a proposal that was abandoned.

2For example, in 2014 the GSEs insured about 50%, while other programs such as the
FHA, VA, RD, and PIH loans insured around 20% of the market.



This paper is novel because it integrates the aforementioned elements with the
GSE-credit-risk subsidy model. Lenders pay a guarantee fee (g-fee) to the GSEs so
in case of borrower’s default, the GSEs cover lenders’ credit losses. The literature
analyzing the distributional implications of the GSEs have, so far, only focused on
funding subsidies. That is, the GSEs have funding advantages that they pass to
mortgage lenders and then to mortgagors. A funding subsidy works through the
liability side of a lender’s balance sheet; a credit-risk subsidy operates through the
asset side. We show that this makes a difference when studying inequality. There is
ample evidence supporting the fact that the GSEs provide a subsidy for credit risk.
For example, the Congressional Budget Office (CBO) and several authors have shown
that the GSEs’ guarantees are underpriced. For this reason, the CBO inputs the credit
subsidies into the federal budget (CBO 2013, Lucas and McDonald 2010).

The model captures the different mortgage choices available to households and the
housing tenure decision. Since all households have the same preferences, the renters
are the low-income, low-wealth households who do not qualify for credit or prefer
not to borrow given their credit conditions. The remaining households want to buy a
house because it provides housing services, it has collateral value, it is an investment
asset with positive excess return relative to the deposit rate and because mortgage
interest rates are tax deductible. However, because there is a minimum size, housing
prices are high relative to income and most households need credit to buy a house.

In the absence of government guarantees, the mortgage rate is banks’ cost of funds
(the deposit rate and origination costs) plus a mortgage spread that increases with
the mortgagor’s credit risk. This risk decreases with households’ wealth, both in the

model and in the data from the Survey of Consumer Finances. That is, low wealth



households have higher debt-to-house value (DTV) and debt-to-income (DTI) ratios.?
FHA and GSE guarantees provide a larger subsidy to those households with larger
default risk. Thus, there are large cross-sectional differences on who benefits from the
credit-risk subsidies. The average subsidy estimated in the housing finance literature
(and that we match in the model) does not capture this substantial heterogeneity.

Closing the GSEs has a direct effect on GSEs’ borrowers, and it triggers several
general equilibrium effects. First, the direct effect is that GSE borrowers (who are
usually mid-income, mid-wealth households with roughly 80% loan-to-value) lose their
credit subsidy and move either to the rental market, or to FHA or jumbo mortgages.
Both of these mortgages have spreads higher than GSE-insured mortgages, and these
households cut their borrowing.* Second, lower demand for credit implies that deposit
rates (the risk-free rate in our model) fall in order to decrease the supply of savings.
Third, because the net flow among households is from homeownership to renting,
housing rents increase and housing prices fall. Fourth, removing the GSEs lowers
default rates and the deadweight costs from foreclosures. Thus, the economy has more
output available for consumption. Fifth, since the government does not have to absorb
the GSEs’ credit losses, it can rebate those savings to households through lower taxes
or higher transfers.

Who wins and who loses from the removal of the GSEs depends on the exposure of
households to each of the previous channels. Renters suffer because rents increase, the
return on their deposits is lower, and they can no longer expect a large credit subsidy

from becoming a GSE-insured mortgagor. Mid-income households who are FHA

3Mortgage spreads depend on DTI because in the model, lenders have partial recourse on
borrower’s income. Frame, Gerardi and Tracy (2016) discuss that income levels (and related
variables as the FICO score) are priced in mortgage spreads, even without recourse, because
income affects default decisions, such as through its link to the cost of default.

4Removing the GSEs increases average mortgage rates by 22bp. Elenev, Landvoigt and
Van Nieuwerburgh (2016) obtain a similar result.



borrowers enjoy lower housing prices and a drop in mortgage rates because deposit
rates fall. However, they lose the possibility of transitioning to GSEs’ mortgages with
lower rates. Mid-income households who are high-leverage GSE mortgagors suffer the
most because their mortgage spreads increase the most. High-income households who
borrow in the jumbo market are the main winners from the removal. Their spreads are
not affected and their mortgage rates decrease as lenders pass on their lower deposit
rates. Lower price-to-rent ratios and return on deposits make it more attractive to be
a landlord. High-income households shift their portfolios towards housing. However, if
the drop in deposit rates is large enough then the welfare of wealthy households with
large holdings of deposits may decrease. We compare alternative modeling choices
that alter the strength of the different channels.

The previous discussion implies an uneven distribution of the welfare gains or
losses from eliminating the GSEs. However, there are some channels that are beneficial
for everybody: 1) Average leverage decreases, although the cross-sectional distribution
of leverage changes: low and mid-income mortgagors decrease leverage while high-
income mortgagors increase it. Every household benefits from an economy with less
deadweight losses from default; 2) Everyone benefits from the government lowering
taxes or increasing transfers. Nevertheless, these channels are not strong enough to
compensate the low and mid-income households who lose from the removal of the
GSEs.

Wealth inequality measured by the Gini Index increases when the GSEs are removed.
Most of the increase is due to higher housing costs (higher rents or larger mortgage
payments) and lower return on savings of the low and mid-income households. These
households need to devote some of their previous savings to cover the higher housing
costs, which lowers their ability to accumulate wealth. This is especially important for

previous GSE borrowers who pass from paying a mortgage and accumulating housing
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wealth to paying rents and not accumulating any wealth. Moreover, as deposit savings
lose value, the wealthy households can shift their portfolios towards housing (because
the return from being a landlord is higher). The low and mid-income households
cannot do this because access to and cost of mortgage credit act as entry barriers.
Housing holdings therefore become more concentrated.

If the supply of rental housing is not elastic enough (for example, if landlords
are mom-and-pop investors unable to diversify housing risk) then we find that most
households oppose the removal of the GSEs. This result may explain why all proposals
to reduce the guarantees have so far failed. Most renters and leveraged homeowners
are against the removal. The median wealth of the households who favor the reform is
about three times larger than the median wealth of the households who oppose it.

GSE reform requires fiscal transfers to compensate the losers, policies to encourage
rental supply, or to link GSE reform to the elimination of the mortgage interest
deduction. This last result is mainly due to the renters, who are the major losers of
the mortgage interest deduction and would vote in favor of GSE reform if it comes
with the repeal of the deduction.

The rest of the paper is organized as follows. Section 1.2 positions this paper in
the literature. Section 1.3 presents the model and Section 1.4 calibrates it. Section 1.5
discusses the cross-sectional implications of credit-risk subsidies. Section 1.6 analyzes
the removal of the GSEs. Section 1.7 studies the pros and cons of the GSEs together
with fiscal policy and reforming the mortgage interest deduction. Section 1.8 checks
the robustness of the previous results to different modeling choices. Section 1.9 has
the conclusions. The appendix discusses the numerical algorithm, other details of the

calibration and has some extra results.



1.2 RELATED LITERATURE

This paper is related to the growing literature which uses models of heterogeneous
agents with idiosyncratic labor income risk to study housing and /or mortgage markets.’
Several papers in this area, such as Chambers, Garriga and Schlagenhauf (2009);
Floetotto, Kirker and Stroebel (2016); Gervais (2002); Jeske, Krueger and Mitman
(2013) or Sommer and Sullivan (2015) analyze distributional effects of housing policies.
This paper contributes to this literature in many aspects. For example, aspects, such
as the modeling of the mortgage guarantees as a credit risk subsidy; the modeling of
the housing tenure choice with endogenous mortgage spreads, house prices and rents;
or the presence of both FHA, GSEs, and non-conforming mortgages.

Through the questions that we study, our paper contributes to the literature
analyzing housing finance reform and the role of the government in mortgage markets.
Frame, Wall and White (2013); Glaeser and Gyourko (2008) and Levitin and Wachter
(2013) survey the U.S. housing finance policy. Passmore, Sparks and Ingpen (2002)
and McKenzie (2002) have estimated the average implicit subsidy from the GSEs. Our
calibrated model matches those estimates and highlights that average subsidies hide
substantial heterogeneity across households. The largest subsidies are for the GSE
mortgagors with high leverage. To our knowledge, the empirical literature on housing
finance has not studied this cross-sectional heterogeneity.

Our paper complements Jeske, Krueger and Mitman (2013) by showing that a

different way to model the GSEs’ subsidies leads to different distributional implications.

®Some examples include Arslan, Guler and Taskin (2015); Chatterjee and Eyigungor
(2015); Chu (2014); Corbae and Quintin (2015); Diaz and Luengo-Prado (2010); Guler (2015);
Hatchondo, Martinez and Sanchez (2014); Iacoviello and Pavan (2013); Li et al. (2016);
Mitman (2016); Silos (2007) or Sommer, Sullivan and Verbrugge (2013). Gete and Reher
(2016) solve for the closed form solutions of a model with aggregate shocks but deterministic
heterogeneity.



Jeske, Krueger and Mitman (2013) analyze mortgage guarantees in a model with
heterogeneous agents and idiosyncratic risk. They conclude that eliminating the
guarantees is a progressive policy that would hurt high-income, high-wealth households.
As we discuss in Section 1.5, we obtain the opposite distributional results because
we model the GSEs as a credit-risk subsidy to the lenders, while Jeske, Krueger and
Mitman (2013) model the GSEs as a funding subsidy. The different modeling choice
determines who are the borrowers who benefit the most from the subsidy. In Jeske,
Krueger and Mitman (2013), the funding subsidy from the GSEs lowers the cost of
credit equally for all borrowers. Thus, the high-income households that borrow the
most receive the largest subsidy. In our model, it is not the amount of borrowing but
the risk of the borrower that determines who gets the largest subsidy. Low-income
mortgagors receive the largest subsidy because they have the largest default risk in
GSE-insured loans. This difference is the key driver of our different distributional
results. Moreover, this paper complements Jeske, Krueger and Mitman (2013) by
providing another reason why mortgagors hold deposits: they serve as collateral that
lower mortgage spreads.

Kim and Wang (2016) study the removal of the FHA credit-risk guarantees in a
model with non-recourse mortgages. They obtain similar distributional results to what
we obtain in this paper. A key difference is that their model assumes constant deposit
rates, price-to-rent ratios, and homeownership rates. These assumptions eliminate
some channels that we show are important for a distributional analysis.

Elenev, Landvoigt and Van Nieuwerburgh (2016) study a general equilibrium
model with aggregate shocks, borrowers, depositors, bankers, and a government that,
in addition to subsidizing mortgage credit risk, provides a bailout guarantee to the
banks. Their focus is the interaction between the guarantees and bankers’ risk-taking,

not the distributional aspects. They find that removing the guarantees leads to a
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more stable financial system with borrowers indifferent on whether to remove the
guarantees, while savers are substantially better off. Thus, virtually nobody opposes
the removal of the guarantees. Our results are different in this regard because in our
setup, the spreads endogenously depend on income, and because we allow for rental
markets. Thus, we take account of the groups who would lose with the policy change:
renters and low to mid-income mortgagors whose higher spreads prevent them from
enjoying the lower house prices while rents increase.

Zhang (2015) uses a partial equilibrium, deterministic assignment model to assess
the distributional impact of eliminating the GSEs. He does not model households’

default and studies the guarantees as a subsidy to the interest rate. He finds that the

guarantees mostly benefit low-income households.

1.3 MODEL

There is a continuum of infinitely lived households, a continuum of competitive
lenders and a government. It is a closed economy model. The model is described

recursively.

1.3.1 HOUSEHOLDS

Preferences. Households derive utility from consumption of the numeraire good
(¢) and from housing services that we call shelter (s). Housing services can be either

owned or rented,
o0
EO Z ﬂtu(ch St)a
t=0

where 5 € (0, 1) is the discount factor. The tenure status of a household is denoted by

the indicator function I, (I, = 1 for a homeowner, I;, = 0 for a renter).



Endowments. Households supply labor inelastically and receive an idiosyncratic
stochastic labor income y € Y measured in terms of the numeraire. This shock follows
a finite state Markov chain with transition probabilities 7w (y'|y) and unique invariant
distribution II(y).® The income mean is § = gyyﬂ(y). Because of the law of large
numbers, 7w and II describe the fraction of hmylseholds receiving a particular income
shock, and ¥ is the aggregate income. We use a progressive tax system that allows
for mortgage interest deductions. The function 7(y, m, P,,) summarizes the total tax
payments for a household with income gy, mortgage loan m and gross mortgage rate
i. Thus, y — 7(y, m, B,,) is the disposable income. Moreover, households receive a
lump-sum transfer T'(y) from the government which are a function of income.

Markets. There are five markets: owner-occupied housing, rental housing, con-
sumption goods, mortgage credit, and deposits. Households can invest in one-period
deposits Pyd’ which pay d' next period. Thus, the gross risk-free rate is Pid. Shelter
services can be rented at rental price P, or obtained from owning a house. The price
of a house is P,. The aggregate stock of housing (H) is in fixed supply. Rental supply
is endogenous. One unit of housing stock h equals one unit of shelter services s. A
household can be a renter (h = 0), a homeowner who consumes all her housing (h = s),
or a landlord who rents part of her housing holdings (h > s). To have well-defined
renters and owners, there is a minimum house size for ownership, h > h, but no
minimum size for rental.” Moreover, to match the relative sizes of owner-occupied and
rental housing, there is a minimum housing consumption for landlords, s < h.

To introduce uncertainty about the value of a house, there are idiosyncratic housing

depreciation shocks ¢" such that if a house of size h is bought today, then next period

6A prime denotes the value at the start of next period.
"With perfectly divisible housing, almost everybody would own some housing.



the size of the house is (1 — ¢’)h. We denote the associated cumulative distribution
function as F'(§') with support [, 1], where § < 0. Thus, houses are risky assets.

If a household buys a house, she can use it as collateral for one-period mortgage
debt. We denote the principal of the loan by P,,m’, and the amount to be repaid

next period by m’. The gross mortgage rate % is determined by perfect competition

1 _ 1
P, Py

among lenders as we discuss below. The mortgage spread is s,, =

A borrower can default on her mortgage after the idiosyncratic shocks (y’, ") are
realized at the cost of losing her housing stock, a fraction ¢, < 1 of her disposable
income, and a fraction ¢4 < 1 of her deposits.® Thus, a borrower will default whenever
her wealth after repaying the mortgage is smaller than the sum of unseizable disposable

income and deposits:
v =1, m' P,)+d+P,(1-=h—m' < (1—¢,)(y —7(¥,0,0))+ (1 —¢a)d’. (1.1)

The probability of default is a function of the mortgage m’, housing h, deposits d’,
and current labor income y, which affects the realization of ¢’ through 7(y/'|y).
Households can choose between FHA, GSE, and private (jumbo) mortgage loans.
The indicator I, takes the value of 1 if the household chooses a GSE mortgage, and 0
otherwise (we denote Iy and [; for FHA and jumbo mortgages). As in the data, FHA
and GSE loans are subject to a common maximum loan size [, and to loan-to-value

caps 09 and 67, respectively.

1.3.2 HOUSEHOLD’S PROBLEM

The household decides her consumption, savings in deposits, tenure choice (renter
or owner), and whether to take a FHA, GSE, or jumbo mortgage loan. We denote

by a the wealth after the realization of the income and housing depreciation shocks,

8Section 1.5 shows that whether mortgages are recourse or not is not important for the
results.
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that is, disposable income plus the value from all assets brought into the period plus
transfers. The value function V' (a,y) is the value of the optimal tenure and mortgage
choice. Households take prices (P, Py, Py, P9, PL P (m/, h,d’,y)) as given. Next, we
characterize the problems of a homebuyer who faces GSE, FHA or jumbo mortgages,
the problem of a renter, and the household’s decision between rental, ownership and
type of mortgage.

First, the household facing a GSE-insured mortgage solves:

Vy(a,y) = . S {u(c, s) + Bylze; 7(y'|y) /; Vi(d,y) dF((F’)} subject to
(1.2)
c+ Pyd + Pyh=a+ P, (h—s) + Pim/, (1.3)
s < h, (1.4)
P9m' < min {GQPhh, l_}, (1.5)

o =max {y — 7(y,m', L) +d + P(1— )b —m', (1= ¢,)(y — 7(y/,0,0)) + (1 — ga)d'} + T(y).
(1.6)

The term Ps (s — h) in equation (1.3) represents rental income received by landlords
(when h > s). Equation (1.4) captures that a homeowner cannot lease more rental
space than her housing space. The maximum loan-to-value and loan size on GSE
loans are summarized in (1.5). Equation (1.6) defines the beginning-of-next period
wealth @’ following the optimal default rule discussed in (1.1). The first argument
in the max operator of equation (1.6) is the disposable income, plus the return on
deposits, plus the value of the depreciated house, minus the mortgage payments. The
second argument in (1.6) is the income plus the deposits that the household keeps if

she defaults.
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Second, the household facing a FHA-insured mortgage solves:

Vi(a,y) = c,d/,m'g&»}{zs,hzh{ ¢,s)+ Byze:y (v'ly) /1 V(d,y) dF((S')} subject to
(1.7)
c+ Pyd + Poh=a+ P, (h—s)+ Plm/, (1.8)
s<h, (1.9)
PI'm/ < min {GfPhh, l_}, (1.10)

a’ = max {y’ —71(y,m,PL)+d + Py(1 =8k —m/, (1 —¢,) (¥ — 7(y,0,0)) + (1 — ¢d)d’} +T(y').
(1.11)

Equation (1.10) summarizes the maximum loan-to-value and loan size of FHA loans.

The mortgage rate on FHA loans is higher than the one of GSE loans (that is, Pif > 57)

but the minimum downpayment requirement of FHA loans is lower (that is, 8/ > 69).

Third, the household borrowing a jumbo mortgage solves:

1
Vi(a,y) = c,d',m'gloésxzs,hzh{ u(e,s)+ 8> w(yly) / Vi(d,y") dF(é’)} subject to

y'eY
(1.12)
c+ Pyd + Poh=a+ P, (h—s)+ Pl (m/,h,d,y)m/, (1.13)
s < h, (1.14)

o =max{y —7(y,m, P}) +d + P(1—-8)h—m',(1—¢,)(y — 7(¢/,0,0) + (1 — ¢a)d'} + T(/).
(1.15)

The lending rate of jumbo loans depends on the mortgage m’, house size h, deposits

d', and current income y. Jumbo loans are not subject to any exogenous limit.

12



Fourth, households who are renters solve:

I / / ! .
Vifa.) = max {u<c,s> 05 SV >} awbject to (1.16)
¢+ P;s+ Pyd = a, (1.17)
a=y —7y,0,0)+d +T(y). (1.18)

Renters cannot borrow from mortgage markets.
Finally, the household’s value function V' (a,y) is the maximum of the previous

four options:

Via,y) = Ig,lf,gl,%}é{o,l} {[ng(a, y) + 1 Vi(a,y) + L;Vi(a,y) + I, V. (a, y)} subject to
(1.19)
L+ +1+1 =1 (1.20)

The homeownership tenure indicator is [, = 1 — I,.

1.3.3 LENDERS

Lenders are risk-neutral and compete loan by loan. Lenders are financed through
deposits at cost P%ﬁ they also face origination costs r,, per unit of mortgage issued.'’

Lenders will originate any mortgage that in expectation allows them to cover their cost

9To simplify notation: we denote the overall optimal choice variables as

c(a,y) = Ig(a, y)cg(a,y) + If(a, y)er(a,y) + Li(a, y)ei(a, y) + I(a, y)er(a, y),

where the subscripts g, f, j, r refer to GSE, FHA, jumbo homeowners and renters. We
use similar notation for s, d’, m/, h and P,,. We denote the individual state variables as
x = (a,y), and X = A x Y is the state space. We denote the probability measure over X
with p. Since we focus on stationary equilibria in which p is constant across time, we omit
the dependence of prices on pu.

10Positive origination costs (ry > 0) ensure a positive mortgage spread over the deposit
rate for households with zero-default risk. This prevents indeterminacy in their maximization
problems.
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of funds. Lenders take into account that households may default on their mortgages.
If the borrower defaults then the lender receives a fraction v < 1 of the house value, a
share ¢, of borrower’s labor income, and a share ¢4 of her deposits. The loss for the
lender in case of borrower’s default is the difference between the mortgage payments

m' and the amount the lender really recovers:
Lim/,h,d ¢, 8"y =m' — ¢,(y —7(¥,0,0)) — pad — vPp(1 — 0")h. (1.21)

In GSE and FHA loans, the government completely assumes the lender’s loss. In
contrast, in jumbo loans the lender absorbs all the loss. Lenders pay a guarantee fee
(g-fee) to receive the FHA and GSE insurance. The FHA g-fee is larger than the GSEs’
g-fee, g/ > ¢9. This condition implies that FHA mortgages have larger lending rates
than GSE mortgages. FHA also allows for lower downpayments as discussed before.
A borrower owing mortgage repayments m’, with house size h, deposits d’, and
realized labor income vy’ will default whenever she suffers depreciation shocks §’ larger

than the depreciation threshold function §*(m’, h,d’, ') implicit in equation (1.1) '

¢yy’ + (1= ¢y)7(y,0,0) — 7(y',m’, Py) + gad — m/

5 (m' by y') =1
(m7 Y 7y) + Phh

(1.22)

Lenders price mortgages insured by the GSEs according to the lender’s zero-profit

condition:

1+ 14 + ¢%) Pom/
(L+r ;g) m™ (1.23)
d

where P2 m’ is the principal of the loan. The left side of (1.23) is the cost of funds for
the lender because the lender has to cover the origination cost, the GSE g-fee (¢9),
and the cost of the deposits that fund the loan. The right side of (1.23) is the revenue

from the mortgage loan.

"Erom here onwards, we omit the dependency of the depreciation threshold function §*
on m/, h, d', and y whenever necessary to save on notation.
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Lenders price mortgages insured by the FHA according to the lender’s zero-profit

condition:

141y + g/ )PIm/
d

where P/m’ is the principal of the loan.

Jumbo mortgages are priced according to the lender’s expected zero-profit condition:

14 7) P (m/ h,d y)m’ .
TPl I 5~ ) S5 + |
d yey b +Py(1 = 8")h
(1.25)

Jumbo lenders are not subject to a g-fee because they do not enjoy any guarantee
on their potential losses. Thus, the right side of (1.25) prices the potential default of
the borrower (default happens for shocks §’ above §*(m/, h,d’,y’)) and the recovery

values.

1.3.4 GOVERNMENT

The government collects the g-fees and raises taxes to finance transfers, government
spending, and the credit risk guarantees. This is consistent with how the Congressional
Budget Office (CBO) computes the government’s budget. The CBO inputs the cost of
the credit risk subsidies as a spending of the federal government (CBO 2014).

We denote by W, the credit losses absorbed by the government from GSE loans:

1
Wy = [ wly) [ @)L (@), hw), d @),y 8 dF () dp, (1.26)
X 5
y'ey
and by U, the credit losses from FHA loans.
The tax receipts €2 are
5 1
0= [ 3w/l | [ o @) P aP(6) + [ 010,000
X 5 5%
yley 9
(1.27)
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where households’ total tax liability is a function 7(y’, m’, P,,) of households’ income
and mortgage payments because mortgage interests are tax deductible up to a max-

imum deductible . We use a tax function calibrated to match the U.S. tax system:
7(y',m', P,) = ry +(y,m', P,). (1.28)

The government budget constraint equals the revenue of the government (tax
receipts plus mortgage guarantee-fee income) to the government’s expenditures: mort-

gage losses plus lump-sum transfers and exogenous government spending:

Q—l—g/ )du+gf/1f ’(:C)du:\llg—i-\lff—l-ZH(y)T(y)—i—G.
" (1.29)

1.3.5 MARKET CLEARING AND EQUILIBRIUM

Since one unit of housing provides one unit of shelter services, the market for
shelter services clears when the demand for shelter equals the aggregate housing stock
H, which is in fixed supply:

/X s(x)du = H. (1.30)

Moreover, every house needs to have an owner:

/X h(x)dp = H. (1.31)

Equations (1.31) and (1.30), together with the homeownership indicator I, allow us

to write the equilibrium in rental markets as

/X(1 ~ Ly(2))s(x) dp = H — /X In(2)s(z) dps. (1.32)

The left side of (1.32) is the demand for rental housing services. The right side of
(1.32) is the supply of rental housing, that is, the total flow of housing services minus

those consumed by homeowners.
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The credit market clears if the supply of deposits equals the funds requested by

the banks to lend:

[ Pad @) dp = (Lt v+ g°) [ 1y(@) Poad (@) dp+ (147 4+ 97) [ 1) Pl (&) dp

+ (1 +7w) /ij(iv)Pﬁ;(m'(ﬂf), h(z),d (x), y)m'(z) dp.

(1.33)

The goods market clears when the aggregate endowment of consumption goods (¥)
equals the consumption by households, plus the gross investment in housing (7)) that
ensures a constant housing stock, plus the costs of mortgage origination and other

government spending:

/X c(x) dp +ip + 1Ty /X I(x)Pim/(x) dp + 1y /X I(x)PIm! (z) du
1 [ 1) P (), h@), d (@), ) (@) du + G = 5.

(1.34)

The investment (i) to cover both the housing net depreciation and the foreclosure
costs 1s:

=P f 3wl | [ 7P+ [0 50 - ) a5
where 7, is multiplied by house prices to convert it into units of numeraire.

We define a stationary equilibrium as follows:
Definition A stationary recursive competitive equilibrium is a set of value and policy
functions for FHA, GSE, jumbo mortgagors, and renters: Vy(x), Vy(x), V;(z), V. (x),
er(@), 55(@), (@), hy(w), my(@), cy(a), sy(), di(@), hy(@), m(a), c5(a), s5(), di(x),
hj(z), m}(z), ¢.(x), s,(x), d.(z), household tenure and mortgage choices Ir(z), I (),
I;(x), I.(x), house price P, shelter price P;, deposit interest rate Pid, mortgage prices

for FHA and GSE loans P/, PY, jumbo mortgage price function PJ (m', h,d',y), a

17



tax function 7(y, m, P,,), lump-sum transfers T'(y), and a probability measure p over

X such that:

1. Given prices, tax function, and transfers, the value and policy functions solve

the household problems (1.2), (1.7), (1.12), (1.16), and (1.19).

2. Given prices and tax function, the FHA, GSE, and jumbo mortgage pricing

satisfy (1.23)-(1.25) for any household’s choice.
3. The government budget constraint (1.29) is satisfied.
4. The market clearing conditions (1.30)-(1.34) are satisfied.

5. The measure p is stationary with respect to the Markov process induced by

m(y'|y), F (') and the policy functions.

1.4 CALIBRATION

We divide the parameters into two groups. First, those that we assign exoge-
nously following micro-evidence and standard values in the literature. Second, those
parameters endogenously selected to match some targets. Table 1.1 summarizes the
parameters. A period in the model corresponds to a year. The appendix contains all

the details of this section.

1.4.1 EXOGENOUS PARAMETERS

We assume a CRRA utility function over a CES aggregator for consumption

non-housing and shelter:

e(l—o)
e—1 e—1 c—1
nee +(1—mn)s—
u(c, s) = { ( ) } . (1.36)

l1—0
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Several papers have argued that the elasticity of intratemporal substitution e is
below one. We set € = 0.5, a value within the accepted range.'?

To calibrate the earnings process, we follow the literature and assume

Iny =w+plny +e, (1.37)

e~ N(0,0?).

We set the standard deviation of the innovations o, to 0.129 like Storesletten, Telmer
and Yaron (2004), and the persistence parameter p to match a Gini index for earnings
of 0.43, like the 2004 Survey of Consumer Finances (SCF) for prime age households
with positive wage income. We approximate equation (1.37) with a seven-state Markov
chain using the method of Rouwenhorst (1995).

Regarding the maximum loan-to-value for FHA and GSE mortgages, we assume
the usual 3.5% and 20% minimum down payments, #9 = 0.8 and 6/ = 0.965. We
set the GSE g-fee (¢9) to 20 basis points, which according to Elenev, Landvoigt and
Van Nieuwerburgh (2016) was the average rate from 2000 to 2012. In Section 1.7 we
explore the implications of increasing the GSE g-fee to 60 basis points. Following
Pennington-Cross (2006), we set the residual value of a foreclosed house () to 0.78.
We set ¢, = 0.25 because Title III of the Federal Wage Garnishment Law, Consumer
Credit Protection Act stipulates that in case of default the amount to be garnished by
the creditor may not exceed 25% of the disposable wage earnings. According to Table
20 of the FHFA Monthly Interest Rate Survey, the average mortgage origination cost
during 2002-2006 was 0.43%. Thus, we set the cost of mortgage origination (r,,) at 40

basis points.

2Davidoff and Yoshida (2008) obtain estimates ranging from 0.4 to 0.9. Kahn (2008)
provides evidence based on both aggregate and microeconomic data that is less than one. Li
et al. (2016) reports an elasticity of 0.487.
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We design the tax function 7(y', m’, P,,) to match the U.S. tax system as we discuss
in the appendix. We construct the transfer function 7'(y) to match the government
transfers reported by the CBO (2016), which include cash payments and in-kind

benefits from social insurance and government assistance programs.

1.4.2 ENDOGENOUS PARAMETERS

Following Jeske, Krueger and Mitman (2013), we assume a generalized Pareto
distribution for the housing depreciation shock §".!3 The distribution is truncated to

the interval [d, 1], where § < 0. The cumulative density function is

1— (14+¢822

g,

) E. (1.38)

(e

The location (9), scale (05), and shape (§) parameters, together with the remaining

F(5') =

-

8 parameters of the model, are calibrated to match the following 11 targets:'* 1) An
equilibrium risk-free rate of 1%. 2) An aggregate share of shelter services over total
consumption expenditures of 14.1%. This is the average value over the last 40 years
from NIPA data reported by Jeske, Krueger and Mitman (2013). 3) A homeownership
rate of 66%, which was the U.S. average during the period 1970-2014. 4) A share
of homeowners with mortgage debt of 70.7%, which matches the value reported by
Varasini (2013) for 2012. 5) A share of GSE loans of 65% of the total volume. 6)
56.1% of mortgagors with DTV > 60%, which comes from the 2004 SCF. 7) A median

deposit-to-asset ratio for mortgagors of 8.48%, like in the SCF 2004.1% &)

d/
(5za)

13 A thick right-tail distribution is needed to match the empirical foreclosure rates. Moreover,
the Pareto distribution allows for a closed-form expression for the jumbo pricing function as
shown in the appendix.

14The housing stock (H) and government spending (G) are the residuals of the housing
market clearing condition (1.31) and government budget constraint (1.29).

15We proxy deposits by liquid assets, measured in the SCF as financial wealth minus the
sum of quasi-liquid retirement, life insurance, certificates of deposit, and savings bonds.
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A median size of owner-occupied-to-rental housing of 1.85. According to the 2013
American Housing Survey, the median size of owner-occupied housing is 1,800 sqft,
while the median size of renter-occupied housing is 974 sqft. 9) A foreclosure rate
for mortgagors of 1.2%, which is consistent with U.S. mortgage foreclosures between
pre-2006 and post-2015. 10) An average house depreciation rate of 1.48%, which
matches the 1960-2002 average reported by Jeske, Krueger and Mitman (2013). 11)
A standard deviation of the cross-sectional housing depreciation shocks of 8%. This
value is consistent with the range of 6-10% standard deviation of annual house price
growth across U.S. states reported by the FHFA since 1991.

Table 1.2 compares the empirical targets with the model-generated moments. The
model fits the data well. Moreover, concerning other moments not directly targeted,
we obtain reasonable values. For example: 1) The share of jumbo loans is 25.1% of
the total volume. According to the Urban Institute, nearly 25% of the mortgages
originated in 2014 were jumbo loans. 2) An average implicit interest rate subsidy of
44.7 basis points.'® According to CBO (2010), the spread between interest rates on
jumbo and conforming loans suggests that the GSEs lowered mortgage interest rates
from less than 25 basis points in normal times to more than 100 basis points at the end
of September 2010. 3) A median deposit-to-asset ratio across households of 25.7%. The
corresponding value in the 2004 SCF is 21.1%. 4) In the model, government spending
is the sum of credit losses, transfers and government outlays. We compute GDP as
the sum of aggregate endowment of non-housing goods plus the value of the shelter

services. The model generates a ratio of government expenditures to GDP of 22.1%. In

16The GSE interest rate subsidy (©) is the difference between the jumbo rate of a GSE
borrower and the GSE rate. Formally, ©(m/ h,d',y) = m — i. The average
implicit GSE interest rate subsidy is the average of © comnimtéci over the group of GSE
mortgagors.
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the data this ratio is on average 22.7% over 2006-2016.1” 5) The shares of mortgagors
with debt payments-to-income (DTI) exceeding 31% and 43% are 10.4% and 8.4%
respectively. This is consistent with the guidelines for conventional mortgages. 6) The
calibrated model implies a cost differential between FHA and GSE loans of 1.86%.
This value is very close to the data once we sum the interest rate differential and the
FHA mortgage insurance premiums.'® 7) The distribution of rental supply along the
wealth distribution (Table A.1 in the appendix) is consistent with the data reported
by Chambers, Garriga and Schlagenhauf (2009). Using the 1996 Property Owners
and Managers Survey, they document that although the majority of rental housing is
supplied by middle or wealthy households, 25% of the supply is owned by low-income
households. This compares with 30% for the high-income households.

Finally, to comment on the parameter that controls the garnishment of deposits
(¢a), this parameter plays two roles. On one side, it controls the insurance that
deposits provide in case of default. On the other side, it affects mortgage spreads since
it controls the probability of default and the assets seized upon default. If ¢4 = 0,
only the insurance role operates. If ¢4 = 1 only the collateral role operates. We obtain
¢q = 47.2% which suggests a balance between both roles. This parameter is key to

match the median deposit-to-asset ratio for mortgagors.

1.5 CREDIT SUPPLY

In this section, we analyze the reaction of the lenders, in partial equilibrium,
to removing the GSEs. This exercise helps to understand the drivers of the new

distributional results that we will present in the following section.

I"NIPA series for current expenditures of the Federal Government-to-GDP.

18 According to USBank.com, the average long-term rates of 30-year fixed FHA and
conventional mortgages are 4.0% and 4.125% respectively. In addition, FHA requires an
upfront premium of 1.75% plus an annual premium of around 0.8% of the loan amount.
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There are two ways to model the GSEs. One way is to model them as a "funding
subsidy." That is, the GSEs are able to finance themselves at cheaper rates because
they enjoy the support of the U.S. government. They pass their lower cost of funds on
to the lenders, who then pass this subsidy to the mortgagors through lower rates. Jeske,
Krueger and Mitman (2013) model the GSEs as a "funding subsidy." The second way
to model the GSEs is as a "credit risk subsidy." That is, the g-fees that the GSEs charge
do not capture all the credit risk that the GSEs are absorbing. Thus, the GSEs provide
a subsidy to credit risk. Elenev, Landvoigt and Van Nieuwerburgh (2016) model the
GSEs as a "credit risk subsidy." Lucas (2011) and CBO (2014) provide strong evidence
that GSEs are under-pricing credit risk. In fact, in 2008 the credit risk turned into
losses and the U.S. government had to place the GSEs under conservatorship.

Figure 1.1 plots mortgage credit supply for three cases.!® First, the case with
no subsidy of any type. Credit supply is the spread between the jumbo loans price
function P (m/,h,d',y) from equation (1.25) and the risk-free rate. As any credit
supply curve, it is increasing in default risk proxied by the debt-to-house-value %
(DTV). Second, Figure 1.1 plots mortgage credit supply when there is only a "funding
subsidy" like in Jeske, Krueger and Mitman (2013). That is, the GSEs lower lenders’
cost of funds and competitive lenders pass along the subsidy as lower mortgage rates.
It is important to remark from Figure 1.1 that a funding subsidy implies the same
reduction in spreads regardless of the risk of the mortgage. That is, funding subsidies
do not change the dispersion of the cross-sectional distribution of mortgage spreads.
Removing the funding subsidy will increase mortgage spreads almost equally across
households, regardless of their default risk. Thus, a funding subsidy is basically a

"level effect."

ANl curves assume that the borrower has the minimum house size, median income, and
deposits of the benchmark calibration.
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Figure 1.1 also plots mortgage supply with a "credit risk subsidy" as we do in this
paper.?® The credit risk subsidy is a "shape effect’ relative to the jumbo credit supply.
That is, the GSEs absorb credit risk from the lenders and thus lenders charge the
same spread regardless of the default risk. Interestingly, the difference between the
spread of a GSE-guaranteed mortgage and a jumbo mortgage is increasing in DTV.
Thus, the GSEs reduce the dispersion in the cross-sectional distribution of mortgage
spreads because they reduce the spreads more for the high-risk households. That is,
the GSEs provide a larger subsidy to riskier loans. This is consistent with the evidence
in Lucas (2011) and CBO (2014).

Figure 1.1 illustrates the mechanism that drives the distributional results of the
next section. Since we model the GSEs as a credit risk subsidy, their removal will
increase mortgage spreads the most for the households with highest default risk (that
both in the data and in the model are the low and mid-income mortgagors).?! These
are the households who receive the largest subsidy from the GSEs and oppose their
removal the most.

Figure 1.2 shows that whether mortgages are recourse or not is not an essential
element for the distributional implications of the GSEs. Figure 1.2 compares the
spreads between jumbo mortgages with partial recourse, as in our calibration, and
mortgages with no recourse (i.e., ¢, = ¢4 = 0). Recourse is similar to a "level shifter,"
like the funding subsidy. The reason is that both with and without recourse, the
spread depends on the DTV, and DTVs are decreasing in wealth. Thus, modelling
the mortgage contract with or without recourse does not significantly change the

cross-sectional distribution of the spreads, and thus it does not significantly affect

20To focus on the role of the subsidy, Figure 1.1 plots the case when the g-fee g9 is zero.

2IWith strategic default, the model would imply that households’ default risk decreases
even more with wealth because the punishment for default is usually larger for wealthier
households.
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who wins and loses from removing the GSEs. Confirming this insight, Kim and Wang
(2016) analyze the removal of the FHA guarantees in a non-recourse model with credit
risk subsidies and find similar distributional results to what we present in the next

section.

1.6 IMPLICATIONS OF REMOVING THE GSEs

In this section we study the removal of the GSEs. First, we characterize households’
portfolio and borrowing choices. This helps to understand why households borrow
and buy houses in the model. Then, we study the aggregate and the cross-sectional
effects across households. Finally, we simulate an election in which households vote
on whether or not to eliminate the GSEs. Section 1.8 studies the robustness of these

results to different modeling choices.

1.6.1 HOUSEHOLDS

In this model, buying a house instead of renting is potentially appealing because
of the following reasons: 1) It is an asset with collateral properties. This can be seen
because housing holdings are non-monotonic in wealth for low-wealth homeowners.??
To smooth consumption, these households buy extra housing to borrow against it.
As their wealth increases and their consumption smoothing needs are smaller, these
households decrease their housing and mortgage holdings. 2) Because markets are
incomplete, a house is an asset that helps households to save and smooth consumption.
However, because of depreciation shocks, it is a risky asset. On the other hand, it
generates rental income with positive excess return over the deposit rate. This explains
that when households become wealthy enough, they increase their housing holdings

to be landlords. 3) Mortgage interest payments are tax deductible. Figure A.1 in the

22For details, see Figure A.1 in the appendix.
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appendix plots the households’ choices of housing (h), deposits (d'), and mortgage
borrowings (m') as a function of wealth (a) for households with the median income
(y4). The figure illustrates the drivers of the homeownership decision.

It is useful to classify households into four groups. As income and wealth increase,
households move from one group to the next one:

1) Renters: households who neither own a house nor have a mortgage (h = m’ = 0)
but usually have some deposits (d’ > 0). Most households with low incomes are renters.
Their income and wealth are so low that they cannot get enough credit to buy the
minimum house.

2) High leveraged homeowners: these are homeowners with mortgage credit (h >
h,m’ > 0) and high debt-to-income and debt-to-assets. Low-income homeowners
borrow through FHA mortgages because the FHA requires lower downpayments,
although FHA spreads are larger than GSE spreads. As soon as the household can
afford a 20% down payment, she switches to a GSE-insured mortgage. Because
deposits can be partially kept in case of default, they provide valuable insurance to
homeowners. Even high-leverage households have deposits. This insurance mechanism
is characterized in Jeske, Krueger and Mitman (2013). Moreover, our model has a new
argument to hold deposits: since lenders can partially seize them in case of default,
larger deposit holdings serve as collateral and lower jumbo mortgage spreads.

3) Low-leveraged homeowners: high-income households usually borrow through
jumbo mortgages to avoid the GSEs limits on mortgage size. Their default risk is low
because their DTV and DTI are small. Mortgage debt is appealing because its interest
payments are tax-deductible.

4) Homeowners without debt: these are households with large housing and deposit
holdings that do not require mortgage debt. These households are landlords who rent

some of their housing holdings.
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1.6.2 AGGREGATE EFFECTS OF REMOVING THE GSES

Table 1.3 summarizes the aggregate effects of removing the GSE-insured mortgages.
Removing the GSEs implies that the government does not have to cover the credit
losses ¥, in the government budget constraint (1.29). Table 1.3 considers two ways
in which the government can rebate the unspent credit losses ¥, to households: 1)
Through lower taxes (without altering the progressive nature of the tax system);
2) Through higher transfers (without altering the progressive nature of the transfer
system).?3

Eliminating the GSEs increases the cost of mortgage credit for households previously
borrowing through GSE-insured mortgages (both FHA and jumbo loans have higher
rates for those households). Average mortgage spreads increase. The contraction in the
demand for credit leads to lower deposit rates to discourage households from supplying
deposits.?* Some households either buy less housing or decide not to buy and instead
rent. Housing prices decrease while housing rents increase. Housing price-to-rent ratios
decrease. Lower return on deposits, cheaper housing prices, and higher housing rents
encourage the high-wealth households to rebalance their portfolios from deposits

towards housing. Homeownership rates decrease and housing holdings become more

concentrated.

2Specifically, when the government budget is balanced via an increase in transfers, we
adjust ¢ where T'(y) = (¢ + a(y))y. In the benchmark economy ¢ = 0. The appendix contains
the details on the construction of the coefficients of transfers as a share of labor income a(y).

240ur model abstracts from the corporate, government, and foreign sectors that also play
a role in credit markets. Adding these sectors may cushion the drop in deposit rates since
those sectors would increase their credit demands as rates fall. In Section 1.8 we explore the
case where the deposit rate remains constant.
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1.6.3 DISTRIBUTIONAL EFFECTS OF REMOVING THE GSESs

To analyze who wins and who loses from eliminating the GSEs, it is useful to
start with the correlation between default risk and the credit subsidy. In our model,
DTV and DTT are decreasing in wealth while holdings of deposits are increasing, like
in the Survey of Consumer Finances. Thus, GSE borrowers with lower wealth have
higher default risk and enjoy higher credit risk subsidies. High-wealth households do
not receive much subsidy because either their default risk is small, or they do not use
GSE loans. FHA borrowers may suffer from the GSE removal because they may be
planning to switch to a GSE mortgage once they can afford the 20% down payment.
Thus, the benefits from the GSEs are asymmetrically distributed across households.
For instance, the average subsidy is 45 basis points but its standard deviation is 32
basis points. To further illustrate this point, Figure A.2 in the appendix plots the
GSE credit subsidy as a function of wealth (a) for the households with median income
level (y4).

To formally evaluate the welfare changes after the policy change, we compute
the Consumption Equivalent Variation (CEV), w(a,y), as the change in per-period
composite consumption such that a household is indifferent when moving from a
stationary economy with GSEs to another without GSEs.? Let @(¢) = u(c, s) be the
utility of a household in terms of composite consumption.?® Formally, for each state

(a,y) we solve for w(a,y) such that

E, [io Bth((l + w(a, y))ét)

(@ y)] _E, [i s

<a,y>] S (139)

25Given that in our model there is no physical capital and the supply of housing is fixed,
the transition towards the new steady state happens in a few periods. Thus, the welfare

gains of the transition path should be very similar to the steady state welfare gains.
1

26That is, & = [nc + (1 —n)s =1,
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where the superscript N refers to the economy with no GSEs. If w(a,y) > 0 the
household has higher utility when the GSEs are removed, that is, she must be
compensated to live in the economy with GSEs.

Figure 1.3 plots the CEV as a function of wealth for different levels of income. Table
A.2 reports the average CEV for different groups of households. There is significant
heterogeneity on the welfare assessment across the wealth and income distributions.
Renters, high-leverage homeowners, and households with very large deposit holdings
lose with the removal of the GSEs. Low-leverage and wealthy households win.

To illustrate the channels that drive the previous results, Figure 1.4 plots, along
the wealth dimension, a decomposition of the CEV for the very low-income households

(y1) and for the median income households (y4) into five channels:?

wla,y) ~ wesela,y) + wpley) + wpley) + wpley) + wdlay).
—_———— —_—— ———— ——— ————
Credit risk subsidy channel House price channel = Rental price channel  Interest rate channel Tax channel
(1.40)

First, there is the credit risk subsidy that we discussed in Section 1.5 and showed
in Figure A.2. Removing the GSEs implies that the riskier households with GSE
guarantees lose their credit-risk subsidies. The bottom panel of Figure 1.4 shows that
this effect is very strong for mid-income and low and mid-wealth households. Their
mortgage spreads increase the most once the GSEs are removed. This channel is
basically non-existent for low-income renters because they had a low probability of

becoming GSE mortgagors in the future. It has some relevance for those renters and

2TThe appendix contains the exact decomposition. wasg(a, ) is the CEV between the
benchmark equilibrium and the partial equilibrium response of the households when the
GSEs are removed but the house price, rental price, interest rate, and taxes remain constant
at the benchmark equilibrium values. Similarly, wp, (a,y) is the CEV between the former
partial equilibrium and the partial equilibrium response of the households when the house
price P, changes to the value in the no GSE equilibrium (Pév ) but the other prices and
taxes are kept at the benchmark equilibrium values. The other components are computed in
a similar way. Different orderings of the decomposition yield similar results.
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FHA borrowers who perhaps would have switched to GSE-insured mortgages in the
future if the GSEs were not eliminated. As a household gets wealthier and becomes
a low-leverage mortgagor or a homeowner with no debt, the probability that the
household becomes a GSE mortgagor in the future decreases. Thus, it also decreases
the value of the GSE credit risk subsidy.

Second, there is a house price channel. Removing the GSEs lowers demand to buy
houses by the households whose cost of mortgage credit is larger. House prices fall, as
Table 1.3 shows. This is beneficial for those households whose mortgage spreads are
not affected (FHA borrowers and wealthier households). Renters have a small house
price channel because, although cheaper prices help them to buy a house, their utility
from owning a house decreases when lower house prices reduce the collateral value of
a house (the ability to borrow against it).

Third, there is a rent channel because removing the GSEs leads to higher rents
as some households cannot get credit, or find it too expensive and prefer to become
renters. This rent channel is negative for the low-income households that are renters.
It is beneficial for the wealthy households that are landlords.

Fourth, the fall in deposit rates hurts the deposit holders, which are the richest
households who hold most of the deposits, and also for those renters in the margin
of homeownership with relatively large savings in deposits.?® As deposit savings lose
value, the wealthy households can shift their portfolios towards housing (the return
from being a landlord is higher) while the low and mid-income households cannot do
so because access and cost of mortgage credit act as an entry barrier. Lower deposit
rates imply lower mortgage rates for those mortgagors whose spreads are not affected

by the credit-risk channel discussed above.

2In Section 1.8 we explore the case with constant risk-free rates (small-open economy
model) and find that the welfare assessment of the wealthiest households is reversed.
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Fifth, the government, once it saves in credit risk subsidies, can lower taxes. Every
household benefits from paying lower taxes.

The addition of the five channels make the welfare consequences for mid-income
households (y € {y4,ys5}) highly non-monotone in wealth as Figure 1.3 plots. The
largest welfare losses are in the mid-income, low and mid-wealth households who
borrow from the GSEs with 20% downpayments. The winners from the reform are some
FHA borrowers that benefit from the housing price channel, the wealthier households
also benefit, especially those with jumbo mortgages or no debt, that can expand their

housing holdings, pay less in taxes, and enjoy the higher housing rents as landlords.?’

1.6.4 VOTING THE REMOVAL OF THE GSES

Following the previous discussion, Table 1.4 simulates a referendum among the
households on whether or not to eliminate the GSEs. Reforming the housing finance
system has been in the policy agenda for several years but all proposals so far have
failed. Table 1.4 suggests an explanation. The majority of households (around 60%)
opposes eliminating the GSEs.

Table 1.4 also reports the percentage of households in favor of removing the
GSEs with households classified by housing tenure, leverage, and wealth. The table
illustrates the disagreement between households: the majority of renters are against the
removal; some FHA homeowners support the removal; GSE high-leverage mortgagors
are opposed; low-leverage, jumbo mortgagors, and homeowners with no debt are in

favor of eliminating the GSEs.

29To better assess the importance of the rent and interest rate channels, Table A.3 in the
appendix reports the CEV excluding those two channels from the sum in (1.40). Once these
two channels are removed, basically only the high leveraged mortgagors with conforming
loans oppose the removal of the GSEs.
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Interestingly, our results seem consistent with the political economy of the GSE
reform in the U.S. For example, political groups associated with low and mid-income
households, such as The Leadership Conference on Civil and Human Rights and the
National Council of La Raza, have been among the major defenders of the GSEs
together with Democratic Senators (The Hill 2015, Open Letter to the FHFA from

The Leadership Conference 2014).

1.7 PoLricy ANALYSIS

In this section, first, we study the benefits and drawbacks of the GSEs. Second,
we show that fiscal policy, or raising the g-fees, are alternatives to the GSEs’ removal.
Third, we study the interactions between removing the GSEs and eliminating the
mortgage interest rates deduction. Interestingly, we find that it is easier to reform the
GSEs if the reform is done simultaneously with the elimination of the interest rates

deduction.

1.7.1 BENEFITS AND DRAWBACKS OF THE GSES

Table 1.5 summarizes the benefits and drawbacks of the GSEs. In terms of draw-
backs, the GSEs lead to a larger amount of foreclosures because they provide a subsidy
to credit risk. Foreclosures lower welfare in the model because they lead to deadweight
losses. Moreover, Elenev, Landvoigt and Van Nieuwerburgh (2016), in a model with
aggregate shocks, show that the GSEs lead to financial fragility.

Figure A.3 has an extra result on financial fragility that complements Elenev,
Landvoigt and Van Nieuwerburgh (2016). Eliminating the GSEs will reduce the
aggregate debt-to-output ratio of the economy (on average, DTV and DTI are lower).

But it will change the cross-sectional composition of leverage. Low and mid-income
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households (who are now enjoying the GSE subsidies) would reduce their leverage,
while high-income households would increase their leverage. This result happens
because for low and mid-income households the increase in spreads dominates the
reduction in deposit rates and housing prices. However, for high-income households,
the reduction in deposit rates and housing prices dominate and these households
increase leverage when the GSEs are removed.

Concerning the benefits from the GSEs, Table 1.5 reports an ex-ante utilitarian
CEV computed by a planner who equally weights every agent in the stationary
distribution.® Removing the GSEs decreases ex-ante utilitarian CEV. To understand
this result, Table 1.5 decomposes the ex-ante CEV into a level effect (aggregate size
of the economy) and a distributional effect.?! Removing the GSEs leads to positive
level effects because there are less deadweight costs associated with foreclosures and
less mortgage origination costs. In terms of magnitudes, the level terms are similar to
those of Elenev, Landvoigt and Van Nieuwerburgh (2016).3? Moreover, the housing
maintenance costs drop because maintenance expenses are proportional to the value of
the house. However, the distributional terms induce a negative ex-ante CEV because
removing the GSEs generates higher inequality in consumption and the utilitarian
CEV has concave preferences.

Regarding wealth inequality, without the GSEs, the distribution of wealth becomes
more concentrated, as reflected by an increase in the Gini Index and in the ratios
of the wealth percentiles reported in Table 1.5. Wealth inequality increases mainly

for two reasons: 1) low-wealth renters have to spend more in housing rents and save

30The ex-ante utilitarian CEV is the CEV of a household under the veil of ignorance
about her income and wealth. The appendix has the definition.

31See the appendix for details.

32Foreclosure costs are 0.38% of GDP in the benchmark economy with GSEs and fall by
55.1%, origination costs are 0.76% of GDP and fall by 54.0%.
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less (the number of renters increase without the GSEs); 2) Homeowners who lose the
credit-risk subsidy cut their savings. Figure A.4 in the appendix plots the stationary

distribution of wealth with and without GSEs.

1.7.2 ALTERNATIVE POLICIES: FiscAL PoLicYy OR G-FEES INCREASES

In this subsection we analyze two policies that would mitigate the inequality
implications of removing the GSEs. First, Figure A.5 in the appendix shows that
the government could use a system of taxes and transfers conditional on households’
income to implement the redistribution now generated by the GSEs. That is, Figure
A.5 reports the changes in the current system of transfers that imply that the average
of each income group is indifferent once the GSEs are removed (zero CEV). The
mid-income groups that lose the most should receive the largest increase in transfers.
The wealthier households should see their transfer reduced, except for the households
with the largest holdings of deposits who see large losses in their savings. The results
in Figure A.5 suggest that fiscal policy could implement the redistribution now done
through the GSEs, without inducing higher mortgage debt and foreclosures that the
GSEs do.

Table 1.5 studies the case in which the GSEs are maintained and their the g-fees
are increased from 20 basis points to 60 basis points. That is, lenders need to pay
higher fees to receive the GSEs’ credit risk insurance. Table 1.5 highlights that raising
the g-fees is an intermediate stage between keeping the GSEs and eliminating them.
Higher g-fees lead to less credit and less foreclosures, although wealth inequality
Increases.

The increase in wealth inequality from raising the g-fees is consistent with the
results of Elenev, Landvoigt and Van Nieuwerburgh (2016), but different in terms of

their conclusion that there is an overall welfare gain. This is because our model has

34



more borrower heterogeneity while Elenev, Landvoigt and Van Nieuwerburgh (2016)

has macro-financial stability, which our model does not.

1.7.3 GSES AND MORTGAGE INTERESTS DEDUCTIBILITY

In this subsection we study the interactions between the reforms of the GSEs and
of the mortgage interest rate deductibility. The policy debate treats the two reforms
as independent but here we show that the cross-sectional distribution of the winners
and losers suggests they should be related.

Table 1.6 shows that repealing the interest rate deductibility leads to lower mortgage
credit, housing prices and homeownership.?® Most of these results are already in
Sommer and Sullivan (2016), but the results for homeownership are different. This
difference is driven by the behavior of mortgage spreads, that are exogenous in Sommer
and Sullivan (2016). Table 1.6 reflects that when mortgage spreads are endogenous
like in this paper, the interest mortgage deductibility is priced in the jumbo spreads.
Lenders understand that deducting interest rates from tax payments help mortgagors
to repay their debt. Thus, mortgage spreads increase with the removal of the interest
rate deduction as default risk increases. And the higher mortgage spreads reduce
homeownership.

Table 1.7 simulates a referendum among the households on whether to eliminate or
not the GSEs and/or the mortgage interest rate deductibility. Most households favor
the removal of the mortgage interest rate deduction (Sommer and Sullivan 2016 obtain
the same result). However, the middle-class (third quintile in the wealth distribution)
is firmly supporting the interest rate deduction. The poorest households are strongly

against it.

33The government budget is balanced through adjustment in taxes. As Section 1.6 shows,
balancing the budget with transfers or taxes does not alter the results.
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Table 1.7 suggests interesting interactions between the reforms. The mid-wealth
households are strongly in favor of keeping both the GSEs and the tax deduction in
place. However, it is easier to approve a removal of the GSEs if it comes with the
removal of the mortgage interests deduction. This result is mainly due to the renters,
who oppose the removal of the GSEs because rents would increase, but who favor the

removal of the interest rate deductibility because they do not enjoy it.

1.8 ROBUSTNESS

Given the importance of the housing rents and interest rate channels discussed in
Section 1.6.3, in this section we explore two alternative modeling choices. First, we
modify the model to allow landlords to diversify housing risk. This is key to generate
a more elastic supply of rental housing that tames both the housing rents and interest
rate channels. The consequences are important because it makes the GSE reform
much more likely to be approved. Second, we focus on the case when deposit rates are

not sensitive to the removal of the GSEs.

1.8.1 REeEAL EsTATE FUND

In the benchmark model of Section 1.3, landlords are exposed to housing value
risk that cannot be diversified. This is consistent with the mom-and-pop investors
popular in rental markets and discussed by Chambers, Garriga and Schlagenhauf
(2009). However, there are also corporate landlords with the size and tools to diversify
housing value risk. Raymond et al. (2016) discuss how new technologies facilitate the
rise of the large corporate landlord even in the single-family rental market.

In this subsection we allow landlords to diversify housing value risk. To model

corporate landlords, we assume that there is a real estate fund with a perfectly
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diversified portfolio of housing assets that it rents every period. That is, the depreciation
for the houses owned by the fund is deterministic. Households can be mom-and-pop
landlords as in the model of Section 1.3, but they can also invest in this real estate
fund. These last investments entail a fixed per-period participation cost for investing
in the real estate fund but provide a safe return in excess of the deposit rate.?* Thus,
in equilibrium, wealthy households invest in the real estate fund.

Table A.4 contains the aggregate effects in the model with a real estate fund and,
for ease of exposition, also in the benchmark model of Section 1.3 with rebates via
taxes. Comparing across columns we see the consequences of diversifying housing risk:
following the GSE removal, the fall in house prices and the increase in housing rents
are smaller because corporate landlords are more willing to invest than mom-and-pop
investors. Thus, corporate landlords generate an elastic supply of rental housing which
mitigates the rent channel, as Table A.6 confirms. The welfare losses for renters are
smaller, and in fact now a slight majority of them favors the removal of the GSEs.

Also interesting, allowing a richer investment set improves the welfare of the
wealthy households who now do not need to suffer the wealth loss associated with
the lower deposit rate. In fact, since these households now can diversify better, Table
A.4 shows a much smaller fall in deposit rates. Table A.6 confirms that now the vast
majority of the wealthy households favors the removal of the GSEs.

Thus, the real estate fund has tamed both the rent and the deposit rate channels.
As a consequence, Table A.6 shows that now the removal of the GSEs can obtain the
majority of the votes. However, the rise of the corporate landlord is associated with
a much larger fall in the homeownership rate. Moreover, since deposit rates fall by

a smaller amount, high leveraged, middle-class households suffer more from higher

34The appendix has the formal details.
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mortgage costs. On the positive side, since less low income households are exposed to

housing risk, foreclosures fall by much more in the case with the real estate fund.

1.8.2 CONSTANT DEPOSIT RATES

Our model abstracts from the corporate, government, and foreign sectors that also
play a role in credit markets. These sectors would increase their credit demands as
interest rates fall when the GSEs are removed. Thus, these sectors would cushion the
drop in deposit rates. In this subsection we redo the baseline exercise of Section 1.6
but assuming constant deposit rates.

Table A.5 contains the aggregate results. It is interesting to remark that with
constant deposit rates the wealthier households have less incentives to reallocate their
portfolios away from deposits. Thus, house prices need to fall more to encourage those
households to buy the houses not bought by the households that are now renters.
The larger fall in house prices mitigates the increase in mortgage spreads for some
households and homeownership falls by much less. Rents increase more as rental supply
expands less.

Table A.6 has the cross-sectional implications. Renters are worse off than in the
baseline case with flexible deposit rates since the higher rents dominate that their
savings do not suffer a fall in returns. Mid-wealth, highly indebted households are
also worse-off since constant deposit rates amplify the increase in mortgage spreads.
However, the wealthiest households are much better when the deposit rate does not
fall. Thus, removing the GSEs becomes much more regressive when interest rates are
constant. For this reason, the results of a vote show most households opposed to the

removal, like in the benchmark case.
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1.9 CONCLUSIONS

In this paper we analyzed the distributional and aggregate consequences of removing
the GSEs. The model has endogenous mortgage spreads and all the relevant aspects
of current U.S. housing policy (taxes, social transfers, FHA, GSE, jumbo loans, and
mortgage interest deductibility). Our main result is that if the GSEs are modeled as a
credit-risk subsidy, and if household’s default risk is decreasing in wealth, then the
GSEs benefit the low and mid-income households. That is, the GSEs are progressive,
not regressive institutions.

We show that the uneven distribution of welfare gains and losses after removing
the GSEs may explain why reforming the housing finance system is such a complicated
endeavor. Most households (especially low and mid-wealth households) oppose the
elimination of the GSEs. GSE reform may require a system of transfers to compensate
the losers, or to ensure that rental housing supply is elastic enough to mitigate increases
in rents, or to link the reform to jointly eliminating the interest rate deduction. In

this case renters are more likely to support both reforms together.
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1.10 FIGURES AND TABLES

Figure 1.1: Credit Supply for Different Ways of Modeling the Government Guarantee
Subsidy.
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Note: This figure plots the mortgage spread (m — P%) as a function of the

borrower’s debt-to-house value (W) for a household with income level 3, (median
income). In one curve there are no government guarantees (i.e., the jumbo market), in
another curve the guarantees are modeled as a subsidy to lenders’ cost of funds (i.e.
a funding subsidy), and in the third curve the guarantees are modeled as a subsidy
to lenders’ credit risk (in case of borrower’s default the government covers lender’s
losses). All curves assume that the borrower has the minimum house size, median

income, and deposits of the benchmark calibration.
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Figure 1.2: Credit Supply Under Recourse and Non-recourse Mortgages if No Credit
Risk Guarantees Exist.
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Note: This figure plots the mortgage spread ( 1 i) as a function of the
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borrower’s debt-to-house value (%) for a household with income level 3, (median
income). One curve is for the case when mortgages are recourse and the other curve is

the case when mortgages are non-recourse.
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Figure 1.3: Welfare Gains or Losses From Removing the GSEs.
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Note: Each panel plots, for a different income level and as a function of wealth, the
percentage change in composite consumption (Consumption Equivalent Variation,
CEV) that makes a household in the economy with GSEs be indifferent between that
economy and an economy with no GSEs. The value is positive if the household has
higher utility when the GSEs are removed.
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Figure 1.4: Decomposing Welfare Gains.
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Note: This figure plots households’ Consumption Equivalent Variation (CEV) for each
of the different channels that drive the welfare changes reported in Figure 1.3. The
top panel shows households with income ; (bottom 2%) while the bottom panel plots
income y, (median income). Section 1.6.3 discusses the details of the decomposition.
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Table 1.1: Parameters (Benchmark Calibration).

Exogenous Parameters

Parameter Value Description
€ 0.5 Intratemporal elasticity of substitution
p 0.986 Labor income persistence
o 0.129 Labor income volatility
09 0.8 Down payment requirement GSEs
6/ 0.965 Down payment requirement FHA
g7 20 basis points | Guarantee fee GSEs
7y 0.78 Foreclosure recovery rate
Oy 0.25 Labor income garnishment
Tw 40 basis points | Mortgage origination cost
7(y,m, P,,) | See Appendix | Progressive tax function
T(y) See Appendix | Transfer function
Endogenous Parameters
n 0.523 Non-durable share in consumption
o 3.97 CRRA parameter
I6] 0.948 Discount factor
h 4.98 Minimum house size
! 5.54 Limit conforming mortgage
g’ 204 basis points | Guarantee fee FHA
s 3.51 Minimum shelter consumption (owners)
D4 0.472 Recourse on deposits
19 0.684 Pareto shape parameter
o5 0.0179 Pareto scale parameter
0 -0.0273 Pareto location parameter
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Table 1.2: Model Moments and Targets.

Moment Target | Model
Risk-free rate (%) 1 1
Housing services in total consumption (%) 14.1 14.1
Homeownership rate (%) 66 68.5
% of homeowners with mortgage debt 70.7 2.7
GSE loans as % of total volume 65 66.3
% of mortgagors with debt-to-value > 60% 56.1 61.8
Median deposit-to-asset ratio for mortgagors (%) | 8.44 9.6
Median size of owner-occupied-to-rental housing 1.85 1.98
Foreclosure rate (%) 1.2 1.14
Average house depreciation (%) 1.48 1.46
House price volatility (%) 8 8.36
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Table 1.3: Aggregate Effects of Removing the GSEs.

Variable With GSEs Change to no-GSEs
If taxes adjust | If transfers adjust

Risk-free rate 1% -34.2bp -33.6bp
Average implicit mortgage subsidy 44.7bp -44.7bp -44.7bp
Homeownership rate 68.5% -2.22% -2.23%
Average debt-to-value mortgagors 58.1% -19.3% -19.7%
Average mortgage spread 0.717% 22.1bp 20.1bp
% of homeowners with debt 72.7 -6.87% -6.02%
Housing stock-to-GDP ratio 4.21 -1.55% -1.63%
Median deposit-to-asset ratio 25.7% -13.3% -13.4%
House price 1 -1.16% -1.21%
Shelter price 0.0299 3.18% 3.38%
Price-to-rent ratio 33.4 -4.20% -4.44%

Note: This table compares the benchmark economy with GSEs to the economy with
no GSEs (in one case the government savings in subsidies is rebated to households
through lower taxes and in the other case through higher transfers). Bp means basis
points. GDP = y + P,S where S is aggregate shelter.
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Table 1.4: Percentage of Households Favorable to Removing the GSEs.

Wealth quintile group
1 2 3 4 5 All
Renter 53.31024 1001 0O — | 33.8
High leveraged homeowner | — | 0.15 | 17.7 | — | — | 11.6
Low leveraged homeowner | — | — | 40.0 | 93.5 | 100 | 78.3
No debt homeowner — | — | — | 853527632
All 53.3 1 0.20 | 22.2 | 89.5 | 54.5 | 43.9

Note: This table reports the percentage of households of a certain type favorable to
removing the GSEs, that is, the percentage with CEV> 0. Low-leverage homeowners
are those with debt-to-value below the median debt-to-value in the benchmark economy
with GSEs. Wealth quintile group refers to the households in the quintile.
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Table 1.5: Effects of Removing the GSEs or Increasing the GSEs G-Fees.

Variable With GSEs Change to Change to
no GSEs GSEs g-fee 60bp
(if taxes adjust) | (if taxes adjust)
Foreclosure rate (%) 1.14 -38.3bp -8.72bp
Mortgage stock-to-GDP ratio 1.92 -54.0% -33.9%
Wealth distribution
Gini index 0.540 2.90% 1.14%
p75/p25 ratio 6.02 20.9% 10.7%
p80/p20 ratio 9.33 15.6% 7.73%
p90/p10 ratio 20.9 4.56% 3.95%
p90/p50 ratio 3.62 9.18% 3.34%
Decomposing welfare gains (CEV in %)
Aggregate level effect (1) — 0.636 0.329
Distributional effect (2) — -1.149 -0.558
— -0.513 -0.229

Total (1) + (2)

Note: This table compares the benchmark economy with GSEs g-fee of 20bp to
the economy without them and with the economy with GSEs g-fee of 60bp. The
Consumption Equivalent Variation (CEV) measures the aggregate welfare gains from
the removal of the GSEs or increasing the GSEs g-fees using a utilitarian criteria to
aggregate. Bp means basis points.
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Table 1.6: Aggregate Effects of Removing the GSEs and/or the Mortgage Interest
Deduction.

Variable Change relative to benchmark with GSEs
If no deduction If no GSEs
& no deduction
Risk-free rate -14.5bp -49.3bp
Average implicit mortgage subsidy -6.75bp -44.7bp
Homeownership rate -0.65% -2.66%
Average debt-to-value mortgagors -4.46% -20.4%
Average mortgage spread 2.14bp 18.1bp
% of homeowners with debt -13.7% -10.1%
Housing stock-to-GDP ratio -0.60% -1.97%
Median deposit-to-asset ratio -3.73% -18.8%
House price -0.38% -1.60%
Shelter price 1.74% 3.01%
Price-to-rent ratio -2.08% -4.47%

Note: This table compares the benchmark economy with GSEs to two counterfactuals:
a) the economy with no mortgage interest deduction, and b) the economy with no
guarantees and no mortgage interest deduction. Bp means basis points.

49



Table 1.7: Percentage of Households Favorable to Eliminating the GSEs and/or the
Mortgage Interest Deduction.

Wealth quintile group No GSEs No interest No GSEs & no
deduction interest deduction
Quintile 1 53.3 98.3 96.4
Quintile 2 0.20 57.7 0.20
Quintile 3 22.2 5.55 19.3
Quintile 4 89.5 91.2 90.4
Quintile 5 54.5 63.4 49.7
All 43.9 62.7 51.2

Note: This table reports the percentage of households favorable to eliminating the
GSEs, the mortgage interest deduction, or both policies. Wealth quintile group refers
to the households in the quintile.
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CHAPTER 2

MORTGAGE DEFAULT AND AGGREGATE DEMAND EXTERNALITIES

2.1 INTRODUCTION

Following the Great Recession there is a growing consensus among economists
and policy-makers that persistently high involuntary unemployment is associated
with depressed levels of aggregate demand and downward nominal rigidities (see for
example Yellen 2016). This paper shows that the structure of the mortgage system is
key for the intensity and speed of recovery from a liquidity trap. Mortgage recourse
systems magnify the impact of downward nominal rigidities and lead to deeper and
more persistent recessions.

An economy enters into a liquidity trap when weak aggregate demand make
downward nominal rigidities (like wage norms and the zero lower bound in nominal
interest rates) binding. These rigidities prevent the real interest rate from falling
enough to stimulate consumption from the savers. The economy suffers a persistent
period of low output and low employment.

Mortgage default can partially undo nominal rigidities. These rigidities prevent
risk-free rates from encouraging savers’ consumption. Default redistributes wealth
away from the savers who are unwilling to consume. Since lenders are the wealthy
households and borrowers are the low-income households, then default redistributes

wealth towards the households with a higher marginal propensity to consume. As a
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consequence, with mortgage default, aggregate consumption recovers faster and the
economy leaves sooner the liquidity trap.

We analyze a quantitative general equilibrium model with downward nominal wage
rigidity, a Taylor-type interest rate feedback rule and a zero bound on nominal interest
rates, like Schmitt-Grohé and Uribe (2017). Our novelty is that we expand the model
with housing, mortgages, and agents heterogenous in idiosyncratic income and house
value shocks (that we model as house depreciation shocks). We use the model to
compare two economies identical in every aspect, except in the mortgage system. In
one economy there is a recourse mortgage system while the other has a non-recourse
system. In a non-recourse mortgage system, the debt obligation disappears when the
lender repossesses the house that serves as collateral. However, in a recourse system
the mortgage lender can pursue a defaulted borrower for the balance of the mortgage
after foreclosing on the home. Thus, default does not help to reduce the debt balance
when there is mortgage recourse.

Following a negative shock to house values (i.e., houses depreciate faster), if all
prices were perfectly flexible, all real prices and interest rates would fall to encourage
households, especially the wealthy, to consume. Since labor is in fixed supply, and the
aggregate stock of housing is exogenous, then neither aggregate output nor aggregate
consumption would be affected. However, when the nominal rigidities bind they prevent
prices from serving as shock absorbers. With the real interest rate disrupted the drop in
borrowers’ consumption is not compensated by an increase in the savers’ consumption.
In this case, the economy move into a "rationing equilibrium" (the liquidity trap) that
is "demand-driven" and has output and employment below fundamentals.

For the same initial housing price drop, the non-recourse economy stays less time
in the liquidity trap. In this economy, foreclosures spike as leveraged low-income

households default on their mortgages. This leads to wealth redistribution towards
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the pre-shock borrowers, which are the households with a higher marginal propensity
to consume. Aggregate consumption recovers faster than in the recourse economy.
The bulk of the disparity is accounted for in the different consumption responses of
the pre-crisis borrowers at the middle and bottom of the wealth distribution. In the
recourse economy these borrowers are bound to their debts (long-term debt is key to
prevent debt from disappearing after each period) and their consumption is depressed.
The aggregate economy suffers as the binding nominal rigidities bind more and for
longer. Thus, recourse mortgage systems make liquidity traps worse.

In our benchmark calibration we obtain that following a 20% drop in housing prices,
the immediate drop in aggregate consumption is around 2% in both the recourse and
the non recourse economy. This number is consistent with the dynamics of the U.S.
(which in practice is a non-recourse country as documented by Corbae and Quintin
2014 and Harris and Meir 2015) and Spain (recourse country) between 2007-09. Both
countries experienced a similar fall in housing prices over the first three years of
the crisis (also the initial output drop was similar), however in Spain it took four
additional years for all the main macroeconomic variables to stabilize and start to
recover. The average difference in aggregate consumption between Spain and the U.S.
since the start of the crisis is 12 percentage points. For our benchmark calibration the
recourse nature of the European system accounts for 25% of that difference.

This paper contributes to several literatures. First, it introduces default in the
growing literature that shows that persistently high involuntary unemployment is
associated with depressed levels of aggregate demand and downward nominal rigidities
(see for example Auclert and Rognlie 2016, Fahri and Werning 2016, Eggertsson and
Mehrotra 2016, Guerrieri and Lorenzoni 2011, Korinek and Simsek 2016 or Schmitt-
Grohé and Uribe 2016 and 2017 among others). This is the first paper to show that

default mitigates downward nominal rigidities.
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The paper complements the literature that, following Campbell (2013), studies
how housing and mortgage markets affect the economy. For example, Rubio (2011),
Garriga, Kydland and Sustek (2013) and McQuade, Krishnamurthy and Guren (2016)
show that variable or fixed payment mortgages alter the transmission mechanism of
monetary policy. This is the first paper to study how the recourse or non-recourse
nature of the system affects the intensity and duration of a recession.

Consistent with the empirical evidence in Mian and Sufi (2015) and Ganong
and Noel (2016) we find that reducing mortgage payments has significant effects
on consumption. We differ from Corbae and Quintin (2015), who find that recourse
economies are less sensitive to aggregate home price shocks, and from Kaplan, Mitman
and Violante (2016), who do not find much effects for policies that reduce mortgage
debt. We obtain different results because we analyze a model with downward rigidities
that allows for demand-driven output.

The rest of the paper is organized as follows. Section 2.2 presents the model.
Section 2.3 discusses the benchmark calibration. Section 2.4.2 contains the results.

Section 2.5 concludes.

2.2 MODEL

We analyze a closed economy composed by a continuum of households, a repre-
sentative lender, a residential investment trust (REIT), a representative firm, and a

central bank. The consumption good serves as numeraire.
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2.2.1 HOUSEHOLDS

The economy is populated by a continuum of households with mass one and

preferences

E, iﬁtu(ct, St)s (2.1)

t=0

where ¢; is consumption of a household at time t and s; is the service flow from
housing. Households are endowed with stochastic idiosyncratic labor e; which they
supply inelastically. This shock follows a finite state Markov chain with transition
probabilities A(e;11]e;). The cross-sectional distribution of labor endowments is a
Markov chain A(e) that is constant over time. The aggregate labor endowment L is
constant over time.

Households can obtain housing services s; by renting at the price p{ or by owning
a house. The price of a house is p/. One unit of housing stock h; generates one unit of
housing services s;. To allow for well-defined renters and owners, and to ensure that a
household is always capable of affording housing, we assume a minimum house size
for ownership h; > h, but no minimum size for rental.

There are stochastic idiosyncratic depreciation shocks §; such that if a household
buys a house of size h; at time ¢, then at the start of time ¢ + 1 the size of the house
is (1 — d441)hs. These shocks make the houses risky assets because their value can
change over time. The idiosyncratic shocks 9, are independent across time and their
probabilities are w(d;).

Households can invest in one-period risk-free deposits (d;) with real interest rate
ry between periods t and ¢ 4 1. There is a REIT that owns the stock of rental housing
and pays as dividends its rental income. v; denotes holdings of REIT shares of a
household at time ¢. The price of a share of REIT at time ¢ is p. We normalize the

number of REIT shares to equal the number of rental units such that the dividends
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for a household from the REIT are pfv,. Households cannot short deposits neither
REIT shares. No arbitrage implies that the relation

_ ptS—H + pﬁ-l

1 + Tt1
i

(2.2)

holds at any time and households are indifferent between holding deposits or REIT’s

shares. We denote the sum of these holdings as
r1 = dypyr + Pi U, (2.3)

and their return is (1 + 7p1)a1 = (14 re1)desr + (pF 4 + 02 vega.

If a household buys a house she can use it as collateral for long-term mortgage debt.
If a household takes a mortgage at time ¢, she chooses the size of the first payment
myy1 to be made in period ¢ 4 1, while the subsequent mortgage payments decay
geometrically at rate pu. That is, the payment in two periods is my1o = pumyy1, and so
on. For a household promising at time ¢ a repayment m;,; the loan size is ¢;(-)mi1,
where the function ¢; is defined below. It accounts for the probability of borrower’s
default and for her future assets.

If a household sells the house at time ¢ she has to pay the current mortgage
payment m,, and buy back the present value of the remaining promised sequence of
mortgage payments discounted at the risk-free rate:!

2

u u
my = my + my +
Qe ' L+7re ' (14 7441) (1 4 7442)

where @); denotes the amount that the lender receives for a mortgage with current
payment equal to one.
Households can default on their debts. We study two types of mortgage systems:

recourse and non recourse. Under both systems, if the household defaults then the

!This way of modeling long-term debt follows Chatterjee and Eyigungor (2015).
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lender seizes her house and sells it for pZ (1 — §;)h;. In a non-recourse system the sale
of the house extinguishes the mortgage debt. However, with recourse, if the revenue
from the sale of the house is not enough to cover the household’s debt, that is, if
p (1 — 6;)hy < Qymy, then the lender garnishes the minimum between: 1) a fraction ¢
of the household’s labor income and financial assets, y;(e;) + (1 + r;)as; and 2) the
remaining mortgage balance, Q;m; — pf (1 — &;)h;. The garnished amount cannot be

negative. We summarize these conditions in the garnishment function:

Ci(my, by, ag, €4, 0;) = max {min {¢(yt(€t) + (1= ry)ay), Qemy — py' (1 — 5t)ht} 70}

(2.5)
The household has to make this transfer every period until the debt is paid, or until the
borrower’s obligation is extinguished, which happens with probability € each period.
In the expression above, ¢ parametrizes the degree of recourse. For example, if ¢ = 0,
then the defaulter does not have to make any additional transfer to the lender besides
the house (¢; = 0). We assume that households must rent while they are making
recourse payments.

As we explain below, we allow for the possibility that the firm’s labor demand
(L) falls short of supply, that is L; < L. In this case, we assume that all households
are symmetrically rationed so that household 7 at time ¢ supplies a fraction % of her
full endowment e;;. Labor income is then given by the real wage % times the amount
of the endowment that households are effectively supplying et%. In addition to their
labor income, households receive real profits %: from the representative firm that, to

avoid creating a new channel of wealth redistribution, are rebated according to their

share on aggregate endowment <. y;(e;) summarizes the total household’s income:

Wy Ly I1; e
= —e =+ == 2.6
ye(er) P, ¢ 7 P L (2.6)
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2.2.2 HOUSEHOLDS’ VALUE FUNCTIONS

Households observe the realization of their labor and housing depreciation shocks
(if homeowners) before making decisions.

A household entering the period as a renter with no debt has two choices: 1) to
buy a house and potentially take a mortgage loan, JP(as,e;) denotes the value of
this option; or 2) to keep renting, J[*(as,e;) denotes the value of this option. The

household chooses the maximum of the two options:
ViE(ay, e;) = max {JtB(at, er), JI (ay, et)}. (2.7)

The value function for the renter buying a house is:

JE (ar, ) = a2 {U(Cta hi) + PE {VtJOrl(ht—l-la My1, Qe s €141, 5t+1)} } (2.8)
subject to

e+ phy 4+ apr = yle) + (1 +r)as + qmey, by, G, €)My, (2.9)

he > hy hipr = hy. (2.10)

Where VO (h;, my,as, e, 6;) is the value function of an owner. The mortgage rate
function q;(my.1, hy, az1, €;) depends on the mortgage payment my, 1, house size hy,
assets a;11 and current labor endowment e;.

If the renter chooses to rent again she solves:

JtR(at, €t) = maX> {U(Ct, St) + B]E {thl(atﬂ, €t+l)] } (211)
ct,St,at+1>0
subject to
c + ptSSt + Qi1 = yt(et) + (1 + Tt)at. (212)

Where V;%(ay, ;) is the value function of a renter with no debt. Renters cannot borrow

from mortgage markets.
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A homeowner chooses among three options: 1) to keep her current house (and
make the mortgage payment if any to avoid default), we denote the value of this
option by JE (hs, my, ar, e, 6;); 2) to sell the house (and prepay the mortgage if any),
JS (he,my, ag, €4, 6;) denotes the value of this option; or 3) to default and become a

renter, we denote the value of this option by JP (h, my, as, ez, 0;).

V;O(htamta Gy, €¢, 575) = max {JtK(ht, My, Ay, €¢, 515)7 Jts(htymta Qg, €, 5t)7 JtD(hit; Mg, Qity City 5z‘t)}-
(2.13)

An owner keeping the house:

JtK(ht;mtaataebét) = Inax {U(Ctaht) + SE [Vtgl(htﬂ»mtﬂaatﬂ,€t+1>5t+1)] } (2-14)

Ctrars1>0
subject to
Ct+ pf{(stht +my + a1 = y(er) + (1 +1)ay, (2.15)
hig1 = hey, My = pmy. (2.16)

An owner selling the house has to buy back the promised sequence of future

mortgage payments, and can choose to buy a new house or rent. She solves:

Jis(ht, My, Ay, €4, 6t) = Inax {JtB(ELt, et), Jf(dt, et)} (217)
subject to

i, — ar(1+ 1) + pfhy — Qemy — pf(stht' (2.18)
14 Tt

An owner that chooses to default on her mortgage does not cover the housing
depreciation cost, and must rent in the current period. With a probability € the debt
obligation disappears next period. In this case the household becomes a renter with
no debt. However, with probability 1 — 6 the debt remains and the lender garnishes a

fraction of labor income and assets next period unless the debt is fully paid (m1 = 0).
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The indicator function / denotes when the household is clear of debt (I = 1). Owners

that default on their mortgage solve:

ct,St,at+1>0

0+ I(1 = 0)V/i (a1, ea) }

JtD(ht,mmGt,et,(St) = Inax {U(Ctast) + SE
+I(1 = 0)V2 (Mg, arpa, €441)

subject to (2.19)
Ct +pfst + a1 = yt(et) + (1 + 7"t)at - Ct(hh My, Qt, €, 5t)7 (2-20)
—pH(1 — — 1
mt+1 — (tht pt ( 5t)h‘t Ct)( _I_ Tt)' (221)
Q41

VP (my, ay, e;) is the value function of a renter with debt (a household that defaulted
on her mortgage). A household that enters the period as a renter with debt solves
the same problem of an owner who decides to default but when the house has already
been seized:

V;D(mt, Ay, et) = JtD(ht = O,mt, Ay, €4, 515 = O) (222)

2.2.3 LENDER

There is a risk-neutral representative lender who collects deposits at the risk-free
rate r; and gives mortgages. If a household promises at time ¢ to pay m;;1 next period
then the lender lends q;(my41, he, agy1, €)My to the household today. The lender
takes into account the optimal choices of the household (and therefore the possibility
of default) when making its origination decision. Competition ensures that the lender
makes in expectation zero-profits. That is, the mortgage price function ¢, satisfies that

the loan granted equals the expected repayments:

Qe (Miy1, by g, €)My = (2.23)
1
E [tI—{&-l(mtJrl + Qe (g1, he, Gy, €t+1)Mmt+1) + I3 Quimin
1+ Tt4+1

Y

+117, (ptlil(l — Se) Py + Gar + @2 (M2, o, €t+1)mt+2)
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where IX(h,m,a,e,0), I7(h,m,a,e,d),and I”(h,m, a,e,J) are, respectively, indicator
functions for household’s optimal decision of repaying the mortgage flow, repaying the
full mortgage amount or defaulting. The value of a mortgage in default is given by

the expected payments that the defaulted household will make:

1

L+ 740

@7 (Mig1, Qpit, €)My = (1= OE |Cer1 + g7 (Miya, aro, er01) Mo | . (2.24)

2.2.4 FIrRM

There is a representative firm that takes prices as given. The firm hires labor to

maximize period-by-period profits. The problem of the representative firm is:

I, = max {PYi= WL} st Y=L (2.25)
The firm’s labor demand is:
— =al{ (2.26)
2.2.5 WAGE RIGIDITIES

We follow Auclert and Rognlie (2016), Eggertsson and Mehrotra (2015) and
Schmitt-Grohé and Uribe (2016, 2017) in assuming that nominal wages cannot fall

from period to period below a wage norm:
Wt Z W/Wt,l. (227)

The parameter v controls the degree of rigidity. If v = 1, then nominal wages are
perfectly downwardly rigid. If v = 0, then nominal wages are fully flexible. The
downward nominal rigidities imply that the labor market may not clear at the labor

supply L and there is involuntary unemployment.
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In equilibrium all markets will clear, except possibly the labor market as captured

with the complementary slackness equation in the wage rigidity constraint:

L, <L (2.28)

(I_/ — Le)(Wy = yWi—1) = 0. (2.29)

If the wage norm is not binding then the real wage is given by (2.26) evaluated
at L, = L. However, when labor market clearing requires lower nominal wages than
the norm then the norm becomes binding, households are rationed through the labor
market (L; < L) and are constrained to supply a fraction % of their labor endowment

Ct.

2.2.6 CENTRAL BANK

The inflation rate is
Py

- 1. 2.30
5 (2:30)

41 =
The central bank sets the nominal interest rate i, on nominal bonds.? Under
perfect-foresight, the Fisher relation links nominal, real interest rates and inflation:

1+

Lren =g

(2.31)

Monetary policy takes the form of a Taylor-type feedback rule, where the gross

nominal interest rate is set as a function of inflation and output gap:

Y,

where ¥, 7, a > 0 and «, > 0 are coefficients of the policy rule that we hold

constant. Y* denotes the steady state (flexible-wage) level of output, that is Y* = L.

2We did not model explicitly the bonds to save in notation but these nominal bonds are
assets in zero net supply.
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The first argument in the max function accounts for the zero lower bound on nominal
interest rates, i; > 0. Remark that when the wage norm is non-binding the model

displays monetary neutrality and nominal variables have no real effects.

2.2.7 EQUILIBRIUM

The economy has constant aggregate stocks of owner-occupied housing (H,) and
rental housing (H,).
Definition. An equilibrium is a sequence of prices, wages, interest rates, REIT
share prices, owner occupier prices, rents, and mortgage price functions { Py, Wy, iy, 14,
pH pl p? qi(m, h,a,e)}2,, household decision rules, and distributions {W9(h, m, a, e, §),
UE(a, e), UP(m,a,e)}22, such that, given initial distributions ¥ (h, m, a, e, d), V¥ (a, )
and WP (m, a, e), the decision rules solve (2.19), the mortgage pricing function satisfies
(2.23), the firm FOC (2.26) holds, the Fisher equation holds, the non-arbitrage
condition (2.2) holds, the central bank follows (2.32), the distribution of households
is consistent with the exogenous law of motion and the decision rules, and the
owner-occupied housing, rental housing, credit, and goods market clear, except

possibly for the labor market when the downward wage rigidity constraint (2.27)
binds.

2.3 CALIBRATION

We divide the parameters into two groups. First, those that we assign exoge-
nously following micro-evidence and standard values in the literature. Second, those
parameters endogenously selected to match some targets. Table 2.1 summarizes the

parameters.
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2.3.1 PARAMETERS CALIBRATED EXOGENOUSLY

We assume CRRA utility over a CES aggregator for non-durable and housing

consumption:
e(l—o)
el B
€

e + (1 —m)s™
1—0

(2.33)

u(e, s) =

Several papers have argued that the elasticity of intratemporal substitution e is below
one. We set € to 0.5, a value within the accepted range.

To calibrate the earnings process, we follow the literature and assume

In Cit41 — e+ ,0111 €it + Eit, (234)

Eit N(O, O'g),

and we set the standard deviation of the innovations o. to 0.129 like Storesletten,
Telmer and Yaron (2004), and the persistence parameter p to match the earnings Gini
index 0.43 of the 2004 Survey of Consumer Finances (SCF) for prime age households
with positive wage income.?> The value for € is chosen so that the aggregate labor
endowment in the the cross section L equals 1.

We set § = 0 and § = 0.22, following Pennington-Cross (2006), who find that the
loss in value of a foreclosed house is about 22%. The mortgage decay parameter p is
set to 0.985. The benchmark economy features no recourse and thus we set the fraction
labor income and deposits garnished by lender ¢ to 0. For the recourse economy, we
set ¢ to 0.5. The probability that debt obligation disappears 6 is set to 0.25. We set «
to 0.7 to match the labor share.

Schmitt-Grohé and Uribe (2016) provide evidence on downward nominal wage
rigidity. They estimate a similar process as in (2.27). They provide estimates of

based on the case of Argentina and peripheral European countries during the great

3We approximate equation (2.34) with a seven-state Markov chain using the method of
Rouwenhorst (1995).
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recession of 2008. The values they report are close to one (annual). Therefore, we

assume perfectly downwardly rigid wages (v = 1).

2.3.2 PARAMETERS CALIBRATED ENDOGENOUSLY

The remaining parameters of the model (3, o, n, h and w), are calibrated to
match the following targets for the U.S. (non recourse economy): 1) An equilibrium
risk-free rate of 1%. 2) An aggregate share of housing services over total consumption
expenditures of 14.1%. This is the average value over the last 40 years from NIPA
data reported by Jeske, Krueger and Mitman (2013). 3) A homeownership rate of
66%, that is the U.S. average during the period 1970-2014. 4) A median leverage
ratio for mortgagors of 61%, this value comes from the 2004 SCF. 5) A foreclosure
rate for mortgagors of 1.5%, which is consistent with U.S. mortgage foreclosures
between pre-2006 and post-2015. Table 2.2 compares the empirical targets with the

model-generated moments.

2.4 QUANTITATIVE EXERCISE

2.4.1 SPAIN VERSUS U.S.A

During the 1996-2006 period Spain and the U.S. had similar patterns of rising
housing prices and mortgage debt, together with large current account deficits (Gete
2009). Between 2007 and 2011 housing prices fell by around 20% in both countries.
However, the length of the recession and the dynamics of the recovery have been very
different across the two countries.

Figure 2.1 shows that in Spain it took 6 years for housing prices to reach the
bottom and start to recover. In the U.S. it only took four years. Figure 2.2 shows that

in terms of real output, the pattern is even more striking. While GDP had returned to
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pre-crisis levels in the U.S. after 3 years, the recovery took much longer in Spain. The
main reason behind the gap between U.S. and Spain after the crisis is the different
dynamics of private consumption, which we plot in Figure 2.3. In Spain it took nearly
seven years for aggregate consumption to stop falling. By then GDP and consumption
were only about 90-95% of their pre-crisis levels.

Figure 2.4 shows that U.S. households have reduced their debt burden from the
peak in 2007 considerably faster than Spain. This is the motivation for this paper.
Spain is a country with a strong recourse mortgage system that grants lenders full
recourse to the borrowers’ personal assets and future income until all the mortgage
debt is paid. In the U.S., even if most states are in theory recourse states, in practice
they mostly behave as non-recourse because of the legal hurdles and costs associated

with pursuing deficiency judgments.

2.4.2 REeEsuLTS FROM THE MODEL

We consider an unexpected shock to housing values, namely, an increase in the
probability w of the high realization of the depreciation shock . The shock is calibrated
to trigger a collapse in housing prices of 20% at impact, as Figure 2.5 shows. Since
homeowners must cover the depreciation of their houses, an unexpected increase
in depreciation risk triggers a subsequent increase in foreclosures and a decrease
in housing demand from non-owners, putting downward pressure on housing prices.
Figure 2.6 displays the transition path for the aggregate foreclosure rate while Figure
2.7 shows that the aggregate consumption dynamics.

Figures 2.5 and 2.7 show that after a similar fall in housing prices in the non-
recourse and recourse economies, the recourse economy displays a slower recovery in
housing prices and aggregate consumption. First we discuss the common mechanisms

and then the differences.
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In both economies, the increase in foreclosures and the drop in housing demand
raises rental rates, thus reducing consumption for renters and defaulters. The decrease
in demand for mortgage credit triggers a drop in the real interest rate. Output becomes
demand-driven once the downward nominal rigidities bind. The labor market becomes
rationed and households suffer unemployment.

Figures 2.8 and 2.9 plot the consumption response by percentiles of the pre-shock
wealth distribution in the stationary equilibrium. The shock has asymmetric effects on
consumption across households depending on their tenure, default status, and balance
sheet. This heterogeneity translates into marginal propensity to consume (MPC).

In both economies households in the lowest percentile of the wealth distribution
reduce consumption the most. Most of these households are renters and high leveraged
mortgagors. These households are characterized by a large MPC out of transitory
income changes. Consumption for these households falls strongly because housing
wealth falls or because rents increase. Mid-wealth households, who are mostly mid-
leveraged mortgagors, homeowners with no debt, and wealthier renters, display a
smaller reduction in consumption as their MPC is lower. On the contrary, rich-wealth
households, who are low leveraged mortgagors, homeowners with no debt and large
assets in the form of deposits and REIT shares, increase their consumption. Rich-asset,
low risk renters benefit from lower mortgage rates and access homeownership. The drop
in the interest rate encourages rich households to reduce their savings and increase
consumption.*

The different dynamics of the two economies can be explained with the different
paths of default shown in Figure 2.6. Under non recourse mortgages, households can

reduce their debt burden faster. However, many mid and low-wealth, high-indebted

4The no-arbitrage condition between deposits and REIT shares implies that REIT share
prices raise as interest rate falls and rents increase. Gete and Zecchetto (2016) study a model
with wealth redistribution from renters to landlords.
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households that would have defaulted under non-recourse prefer not to do so under
recourse, preventing them from discharging their debt burden faster. Moreover, house-
holds that default under recourse are still liable for the outstanding mortgage debt.
Under non-recourse those households have their debt extinguished even if the value of
the house did not cover the debt balance.

The faster debt discharge of the high MPC households in the non-recourse economy
encourages faster consumption growth and higher housing demand that raises housing
prices. With recourse, households who default need to devote a fraction of their total
income to recourse payments, reducing their consumption. The depressing effects on

consumption are much larger.

2.5 CONCLUSIONS

In this paper we show that the structure of mortgage contracts is an important
determinant of the duration of a liquidity trap. In a liquidity trap downward nominal
rigidities prevent interest falls from stimulating demand from the wealthy households,
who are the savers of the economy. Default redistributes wealth away from those
households making less painful for the aggregate economy their lack of consumption
reaction. Thus, non-recourse mortgages, by encouraging default and debt discharge,
mitigate liquidity traps.

Quantitative simulations of the model show that in a liquidity trap, a non-recourse
economy has up to 3 percentage points higher aggregate consumption relative to a
recourse economy. That is 25% of the average gap between the U.S. and Spain. Thus,
our paper suggests that European countries may want to consider reforming their
housing finance systems to facilitate default in case of liquidity traps. A caveat to

our results is that this model ignores negative externalities from default (Hedberg
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and Krainer 2012 or Mian, Sufi and Trebbi 2015 for example). Future research will
evaluate how incorporating them would alter the results. The model can also serve as
a quantitative laboratory to study the Home Affordable Modification and the Home

Affordable Refinance Programs implemented in the U.S. post-2008 financial crisis.
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2.6 FIGURES AND TABLES

Figure 2.1: Real Housing Prices in Spain and the U.S. After the 2007-08 Crisis.
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Figure 2.2: Real Gross Domestic Product in Spain and the U.S. After the 2007-08
Crisis.
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Figure 2.3: Real Aggregate Consumption in Spain and the U.S. After the 2007-08
Crisis.
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Figure 2.4: Household Mortgage Debt Balances in Spain and the U.S. After the 2007-08
Crisis.
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Figure 2.5: Simulated Paths of Housing Prices in Economies With and Without
Recourse for Same Initial Drop
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Figure 2.6: Simulated Paths of Housing Foreclosures With and Without Recourse for
Same Initial Drop of Housing Prices.
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Figure 2.7: Simulated Paths of Consumption With and Without Recourse for Same
Initial Drop of Housing Prices.
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Figure 2.8: Simulated Paths of Consumption Per Wealth Percentile in the Non-Recourse
Economy.

104 Consumption by Percentile of Wealth: No Recourse

102
100
98
96
94
92

90

Index (Peak year = 100)

88

86

—3t—80%
84 1 1 1 1 1 1

0 1 2 3 4 5 6 7
Years After Shock

7



Figure 2.9: Simulated Paths of Consumption Per Wealth Percentile in the Recourse
Economy.
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Table 2.1: Parameters (Benchmark Calibration).

Exogenous Parameters

Parameter | Value | Description

€ 0.5 | Intratemporal elasticity of substitution

p 0.986 | Persistence labor earnings

0. 0.129 | Volatility labor earnings

¥ 0.78 | Foreclosure recovery rate

9 0 Low realization housing depreciation

5 0.22 | High realization housing depreciation

1 0.985 | Mortgage decay

¢ 0 | Assets garnishment (¢ = 0.5 if recourse)

0 0.25 | Probability debt disappears

@ 0.7 | Production function

vy 1 Downward nominal wage rigidity
Endogenous Parameters

n 0.508 | Housing share in consumption

o 2.43 | CRRA parameter

15} 0.952 | Discount factor

h 4.71 | Minimum house size

w 0.087 | Probability high depreciation shock
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Table 2.2: Steady State Moments: Recourse and Non-Recourse.

Variable Recourse Non-Recourse
Risk-free rate (%) 1 0.98
Homeownership rate (%) 66.8 64.4
% of homeowners with debt 83.5 57.8
Foreclosure rate (%) 0.93 1.56
Mean mortgage spread (%) 0.464 0.792
Wealth Gini index 0.54 0.58
Median debt-to-value mortgagors (%) 72.3 68.7
% mortgagors with debt-to-value > 90% 14.5 0
Mortgage stock / GDP 1.42 1.06
House price 1 0.97
Shelter price 0.0342 0.0352
Price-to-rent ratio 29.2 27.6

Note: This table compares the steady state moments of the economy with recourse
and with no recourse. Bp means basis points.
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APPENDIX A

DISTRIBUTIONAL IMPLICATIONS OF GOVERNMENT GUARANTEES IN

MORTGAGE MARKETS

A.1 CONSUMPTION-SHELTER DECISION

We simplify the household’s maximization problem by first solving analytically the
static problem of how to allocate resources between consumption (¢) and shelter (s).
Given a household’s state (a,y), housing tenure and mortgage choice (Iy, Iy, I;, 1),
and a feasible portfolio choice (d',m’, h), we denote as g the resources available for

current consumption, that is
g=a— (P, — P)h+ I,Pim' + I;PIm/ + I;Pi (m', h,d',y)m’' — Pyd.

The problem of allocating g resources between consumption ¢ and shelter s is

1 e(l—o)

e + (1 —m)s =]
Ulg, h, In) = max o

subject to
c+ Pss =g,

_SSShlf[hzl
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The closed-form solution to the maximization problem is ¢(g, h, I,) = g — Pss(g, h, I1,)

and

s if§>(1—9)£and[h:1,
Py
s(g,h In) = S h if h < (1—9)% and I, = 1,
(1 —G)JZS else.

The associated indirect utility is

1 e(l—o)

(g = Pes) = + (1 =n)(s)=|

l1—0

if§>(1—9)%andfh:1,

S

1 e}
U(g,h,I) = {n(g_Psh)%—l—(l—n)(h) - } P

1—0

ifh<(1—«9)%and]h:1,

S

[+ (=P g

l1—0

else,

where 6 is the optimal share allocated to consumption absent the constraints on

shelter:

A.2 LABOR INCOME PROCESS

We discretize the AR(1) labor income process using the method of Rouwenhorst
(1995). We choose w such that the stationary mean labor income is normalized to one.

The set of income shock realizations is

Y = {0.1133, 0.2125, 0.3984, 0.7470, 1.4007, 2.6266, 4.9251},
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with transition probability matrix:

-0.9584 0.0408 0.0007 0.0000 0.0000 0.0000 0.0000_
0.0068 0.9587 0.0340 0.0005 0.0000 0.0000 0.0000
0.0000 0.0136 0.9588 0.0272 0.0003 0.0000 0.0000
7= 10.0000 0.0001 0.0204 0.9589 0.0204 0.0001 0.0000] ;s
0.0000 0.0000 0.0003 0.0272 0.9588 0.0136 0.0000
0.0000 0.0000 0.0000 0.0005 0.0340 0.9587 0.0068

0.0000 0.0000 0.0000 0.0000 0.0007 0.0408 0.9584

which implies the stationary distribution IT = (0.0156, 0.0937, 0.2344, 0.3125, 0.2344,
0.0938, 0.0156).

A.3 TRANSFERS

We calibrate the transfers conditional on labor income using Table 7 of the
Supplemental Data in The Distribution of Household Income and Federal Taxes 2013
reported by CBO (2016). The transfers include cash payments and in-kind benefits
from social insurance and government assistance programs. We set T'(y) = a(y)y.
Then we compute labor income for each group and estimate «(y) from the data on
transfers as a share of labor income. We ensure that the units are consistent with our

model. For the labor income values in A.2 we obtain:

{a(y:)}_, = {0.7115,0.6925, 0.5659, 0.3081, 0.1224, 0.0604, 0.0392}.

A.4 TAX FUNCTION

The flat component of the tax function (1.28) is set to the payroll tax in 2013,
k = 7.65%. To construct the ¢(y',m’, P,,) term of (1.28), we follow the tax schedule

described in the 2013 IRS Form 1040 Instructions, Schedule Y-2, page 101. We convert
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all cutoff levels in the units appropriate to our model using the median CPS wage
earnings in 2013. Table A.7 shows the normalized marginal tax rates, cutoff income
levels, and maximum deductible mortgage amount.

We define «(y',m’, P,,) = p(z(y',m', P,,)), where ¢(z) is a fifth order polynomial,

P ;2! if 2 < 5.58,

p(z) =
2 @558 +0.396(z — 5.58) else.

Where 2z denotes taxable income, it is labor earnings minus mortgage interest deduc-
tions, that is, z(y',m’, P,,) = max{y — (1 — P,,) min{m/,(},0}. Taxable income
cannot be negative. For computational tractability, we follow Chatterjee and Eyi-

gungor (2015) and assume that the interest deduction for a jumbo mortgagor is based

on the risk-free mortgage rate (P}nf = %)

To solve for the coefficients {a;}?_, we minimize 3., (¢(2) — $(2))” subject to
©(0) = 0 and ¢'(5.58) = 0.396. Z is an equally spaced grid of 1000 points over the
interval [0, 5.58], and ¢(z) is the tax function consistent with Table A.7,

tn(z — 21) if n*(z) =1,
p(2) =
Z?:gz) ti_1<Zi — Zi—l) + tn*(z)(z — Zn*(z)) lf n*(z) > 1,
where n*(z) is the maximum n € {1,2, ..., 7} such that z > t,,. The solution is {a;}?_, =

{0,0.1013,0.0533,0.0016, —0.0022, 0.0002}. Figure A.6 compares the marginal tax rates

in the data and those implicit in the model tax function p(z).

A.5 MORTGAGE PRICcING FUNCTION

Here we derive a closed-form expression for the jumbo mortgage pricing function
(1.25). The expression is useful since allows to avoid numerical integration over the

depreciation shock ¢'. Integrating by parts on the last term of the right side of (1.25)
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gives

Jy F(8") d¥ if §* < 4,
1
/jyﬂﬁdeﬁz (1= §VF@*) + [L () dY if§ <6 <1,
0 else.

If the depreciation shocks follow (1.38), using integration by substitution we obtain

the following expression for the integral of the cumulative distribution function

[ ryay - =Tl e il Gt I
* 1-— (1—|—5@)_Z

o5
Using these equations in (1.25) gives a closed-form expression for the mortgage pricing

function.

A.6 HOUSEHOLD’S PROBLEM

We solve the household’s problem using discrete state space methods. The algorithm
is:
Step 1. Initialize the value function V(© at each grid point of the state space.
Step 2. At each grid point of the state space, the i-th iteration maximization problem

searches for the housing tenure and mortgage type choice that solves

VO(a,y) = max {1,V (a,y) + LV a,y) + LV, (a,y) + LV (a,y)} subject to

Iy,I¢,15,1.€{0,1}

L+ T+ +1 =1
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The value function of a homeowner facing a GSE insured mortgage is

Vg(”')(a,y)z max {U(g,h D+8> 7y]y) / V=D (g y)dF(é/)}

h>h,d'>0,m'>0 y'ey
subject to
g=a— (P, — P)h+ Pim' — Pyd,
P9m’ < min {QgPhh7 [}v

a' = max {y/ - T(y,7 m/7 Pr%) + d + Ph<1 - 5,)h - m/7 (1 - ¢y>(y, - T<y/7 07 O)) + (1 - ¢d)d/} + T(y,)
The value function of a homeowner facing a FHA insured mortgage is

Vil(a,y) = _ max {U(gahl 62 7ly) / e y)dF<5)}

h>h,d’>0,m'>0 y' ey
subject to
g=a— (P,—P)h+ Plm' — P,
P!m’ < min {prhh, i}u

a' = max {yl - T(y/7 mI7 Pr{z) + d + Ph<1 - 5/)h - m/7 (1 - ¢y)(y/ - T<y/7 07 O)) + (1 o (bd)d/} + T(y/)
The value function of a homeowner facing a jumbo mortgage is

V(l)<a y) = max {U(g,h D+8Y 7(ly) / Vi(d y)dF(5)}

h>h,d’>0,m'>0 y' ey
subject to
g=a— (P, — P)h+ P (m',h,d,y)m' — Pid,

o = max {y = 1/, P) + d + Pull = )b — ', (1= 6,)(y' = 7(¢/,0,0)) + (1 — 6a)d'} + T(¥).
The value function of a renter is

VO (a,) — max{U< P 0,0048 3 (Ve 1><y'—f<y’,o,o>+d’+T<y’>,y’>}.

d’'>0
- y' ey

If the constraint set is empty in any problem conditional on being homeowner (GSE,

FHA, jumbo), then the corresponding value function takes value minus infinity.
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For (a’,y') outside the state space grid, we evaluate the value function V=1 (a’, y/')

using piecewise linear interpolation. We break the conditional expectation in two parts

o ot
/6 V(Z_l)(a',y’) dF(él) :/6 V(’_l)(a',y’) dF((S/)

+ (1= F@NVEI((1 = ¢)(y = 7(4,0,0)) + (1 = da)d + T()],4/).

where we use a Gauss-Legendre integration method to calculate the integral over the
payment interval [d, §*].
Step 3. Update the value function V.
Step 4. Repeat Steps 2 and 3 until the value of the value function at each state space
grid point converges, i.e. [|[V® — Vi=D|| < ¢

Some additional comments:
Step 1: To discretize the state space, we have seven income points (y), and for each
one we create a grid A(y) = {a(y);}?_, of n = 64 points for the wealth level a. We
set the minimum element of each grid a;(y) equal to (1 — ¢,)(y — 7(y,0,0)) + T'(y),
which is the starting wealth next period in case of default in the current period if
d" = 0. We construct polynomial spaced grids with more density at the lower bound
by using a linearly spaced grid z over [0, 1] and then constructing the grid for a(y) as
a1(y) + (an(y) — a1(y))z/*. We set a = 0.4.
Step 2: To ensure that we find a global solution, we perform the maximization in two
steps. First, we solve the household’s problem using grid search. We use an evenly
spaced grid of 75 points for h, 75 points for m’, and 75 points for d’. Second, we use
the solution obtained through grid search to start an optimization algorithm and solve
the maximization problem at each grid point. For the computation of the integral in
the conditional expectation, we use 16 Gauss-Legendre quadrature nodes.

Step 3: We set € = 107°.
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A.7 STATIONARY DISTRIBUTION

We look for a stationary distribution of the state variables. We approximate the
stationary measure pu(a,y) with a discrete density function. Define 6*(a,y,y’) and
a'(a,y,y’,0") as the shock default threshold (1.22) and next-period wealth implied by
the optimal decision rules for (a,y) and the next-period shocks (y/,0"). The algorithm
to compute a stationary distribution is:

Step 1. Discretize the state space. Denote the income specific grid by A(y) =
{ai(y)}?_, where a1(y) = (1—¢,)(y—7(y,0,0)) +T(y). We define a grid @ = {4, ..., 1}
for the depreciation shock ¢" and let p(d’) be a probability mass function defined over
Q.

Step 2. Initialize the measure ;(?) at each grid point of the state space.

Step 3. During the i-th iteration, update u®(a;(y/), v') and u(a;11(y'),y') as follows:

9 (a, =3 Y N wxly) F(6*(a,y,9")) p* (&) lajﬂ(?/) - a’(a,y,y’,é’)]

yeY acA(y) §'eQ* aj+1(y') — a;(y')
x 1(a;(y) < d'(a,y,y,0") < ajn(y) ' (a,y)

2 2wl [ - FE(ay.y)] [aﬁl(yl)_a/(a’y’y/"s*(avy,y’)>1

yE€Y acA(y) aj1(y') — a;(y)

x 1 (aj (y/) S a/(a'7 Y, y/a 5" (CL, Y, y/>) S aj-‘rl(y,)) :u(i_l)(aa y),

where [(x) equals 1 if the statement x is true, 0 otherwise, and Q*(a,y,y’) is the set
of ¢ € @ such that §' < §*(a,y,y’) with conditional probability mass function p*(¢’)
defined over QQ*.

1D (a1 (y'),y') is updated using the same equation as above after replacing the first

a’(a,y,9',0")—a (g)} and [a ay,y,6* (a,y,y')—a; () .

and third terms in square brackets by [ o (0 —as (v W) ()
J J J J

The previous equation says that if next-period wealth falls in one particular wealth

interval, then allocate the distribution to the adjacent two grid points of wealth
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according to: 1) the distance to the two adjacent grid points, 2) the transition of
v’ and ¢’, and 3) the share of population that defaults. In practice, we iterate over
current states (a,y) and allocate the mass to future states.

The conditional probability mass function is p*(9;) = %.
Step 4. Repeat Step 3 until the value of the measure at each state space grid point
converges, that is, ||u® — pt=V|| < e.

Some additional comments:
Step 1: We discretize the distribution of the shock variable ¢’ by placing a grid of 1000
evenly spaced points over [0, 1] with associated probabilities p(d}) = %, where
f(&") is the probability density function of ¢’

Step 2: The measure 1) is initialized with a uniform distribution over the state space.

Step 3: We set ¢ = 10712,

A.8 EQUILIBRIUM

With the optimal decision rules and the stationary distribution, we check if the
equilibrium conditions (1.29), (1.30), (1.31) and (1.33) hold within tolerance. If they
do not, we update the initial guesses for Py, P;, Py and k (if taxes adjust). Then we
solve again the household problem in A.6, the stationary distribution in A.7 and check

if the conditions hold.

A.9 CEV AND EX-ANTE UTILITARIAN CEV

Given the preferences (1.36), the CEV, w(a,y), that solves equation (1.39) has an

analytical solution in terms of the value functions:

v%,y)]” »

w(a,y) = l Viay)
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As discussed in Section 1.6, the CEV w(a,y) can be decomposed into five channels:
1) credit risk subsidy (GSE removal), 2) house price, 3) rental price, 4) interest rate,
and 5) tax. Let V&g (a, y) be the value function of the partial equilibrium response of
the households when the GSEs are removed but the house price Py, rental price P,
interest rate P%ﬁ and taxes k remain constant at the benchmark equilibrium values.
Similarly, let V]i\hf (a,y) be the value function of the partial equilibrium response of
the households when the GSEs are removed, the house price Pj, changes to the value
in the no GSE equilibrium (P}), but the other prices and taxes are kept at the
benchmark equilibrium values. The other value functions are defined in a similar way:.

By construction, we have

V¥(a,y) _ Vde(a.y) VA (a,y) VY (a.) Vii(a,y) VY (a,y)
V((l, y) V(CL, y) Vé\éE(au y) V],])X(CL, y) Vg(aa y) VPgX(a'a y)

Or, using the definitions in footnote 27,

(1 +w(a,y)) = (1 + wase(e, y)) (1 + wp,(a,y)) (1 +we, (@, 9)) (1 + wp,(a,y) (1 + wila,y)) .

Therefore (1.40) follows. In practice, different orderings of the decomposition yield
similar results.

The ex-ante utilitarian CEV (w) is the CEV of a household under the veil of
ignorance about her income and wealth (recall that @(¢) = u(c, s) where ¢ is composite

consumption):

Eo [Z ﬁtﬂ((l + w)@) (a, y)] dp = / Eo [Z sla(e)
t=0 VxA =0
Given the preferences (1.36) this ex-ante CEV becomes:

_ lfyXA V¥(a,y) duN] Y
JyxaVia,y)du

Let ¢V be the gross growth rate of average composite consumption between the

Y xA

(a, y)} dp.

economy with no GSEs and the benchmark with GSEs. The ex-ante CEV can be decom-

posed into terms capturing: 1) the aggregate level effect of composite consumption
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change (wyp),

(a,y)] dp = /Y><A]EO [iﬁtﬂ(g]vét)

t=0

t=0

and 2) a term capturing the distributional effect across types and states (wp),

[ [E (e anie)

t=0

(a,y)] du:/YMEo [ioﬁtﬂ(éiv) (a,y)] dp®.

By construction, (1 + w) = (1 + wr)(1 + wp). By taking approximation, w ~ wy, + wp.

A.10 ROBUSTNESS ANALYSIS

A.10.1 REAL EsTATE FUND

A household invests P,v’ in the fund and tomorrow gets v’. With the investment, the
real estate fund buys houses and rents them out immediately, that is [y P,/ (z) du =
P, K — P,K, where K is the housing position of the fund. Tomorrow it sells the non-
depreciated part and pays back to investors to earn zero-profits, that is [y ¢'(x) du =
P,(1-E({))K.

The risk-free gross return of the fund’s investment strategy is then

1 P(1-E(®))

P,~ PP,
which pins down the price for the fund holdings P,. There is a fixed per-period
participation cost for investing in the real estate fund (f). Hence, the fund has to
earn a higher return than the risk-free deposits in order to induce positive holdings in
equilibrium (that is, 3- > P%)

We assume that upon default the fund holdings are seized at the same rate as
deposits (¢g). Then, the maximization problem of a GSE borrower in this new scenario

is obtained by replacing d’ = d’' + v/, where d’ denotes deposits now, and by replacing
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the budget constraint (1.3) with
c+ Pyd + P +1(v > 0)f + Poh = a+ Py(h — s) + Pom.

The same applies for the maximization problem of FHA, jumbo mortgagor, and renter.

The housing market clearing condition is now given by
/M@W+K:H
X

All the remaining equilibrium conditions remain the same except that in the left side
of the credit market clearing condition (1.33) d’ is replaced by d'.

Regarding calibration, we set the discount factor § = 0.949 and the fixed par-
ticipation cost f = 0.074 to match an equilibrium risk-free rate of 1% and a ratio
of aggregate real estate fund investment-to-financial wealth of 30%.! We retain the
remaining parameters at the values obtained in the calibration of the benchmark
economy (hence the idiosyncratic house shocks follow the same process as before).
The model yields a share of GSE loans of 64.4%, similar to the benchmark economy.

Table A.4 reports the relevant moments.

A.10.2 CONSTANT DEPOSIT RATE

The equilibrium with GSEs of this model is exactly as in the benchmark economy

with GSEs. It differs with respect to the benchmark experiment in that the credit

market clearing condition (1.33) is not enforced and the risk-free rate Pid is kept

constant.

!This is the ratio of investment in real estate (which is not a part of the primary residence
and that is not owned by a business) to financial wealth in the SCF 2004 according to Guiso
and Sodini (2013).
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A.11 CowmMmpuTING DTI

We proxy for mortgage payments in our one-period mortgage debt model as the
difference between the existing mortgage amount (m) and the new loan size (P,,m’).
We abstract from mortgage refinancing transaction costs and therefore we can think
of our model as one in which households can freely adjust how fast they amortize their
mortgage over time. Consequently, we define mortgage debt payment-to-income (DTI)

W. We recover the existing mortgage amount m (that is, the amount at the

as
beginning of the period) associated to the current state (a,y) using the equilibrium

policy rules and iterating forward.

93



A.12 FIGURES AND TABLES

Figure A.1: Households’ Portfolio Choice.

Portfolio Choice for Income 1y,

11 T T T T T T T T T "_
10 F L
s
9t o i
st o -
an
\E ol
hs
" 51 1
= 1
4r 1
1
3t 1
ol ;
2r [ | o House (h) 1
6’ 3 p:d s @ee Deposits (d)
Lr z " 3 o = = = Mortgage (m')| ]
0 1 -‘k!: . - ol j - L j -
2 4 6 8 10 12 14 16 18 20

Wealth (a)

Note: This figure plots households’ choice of housing, deposits, and mortgage debt as
a function of wealth (a) for the households with median income level (y4).
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Figure A.2: Default Probability and Implicit Subsidy for GSE Borrowers.
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Note: Default probability and implicit subsidy for GSE borrowers. The top panel
plots the default probability for the household with median income (y4) who is a GSE
borrower. The bottom panel plots the implicit credit risk subsidy computed relative
to the non-conforming mortgage.
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Figure A.3: Households” Debt-to-Value With and Without GSEs
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Note: Both panels plot debt-to-value before and after removal of the GSEs. The
top panel focuses on GSE-insured mortgagors. The bottom panel studies jumbo
mortgagors.
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Figure A.4: Wealth Distribution With and Without GSEs.
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Note: This figure plots the stationary wealth distribution with and without GSEs.
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Figure A.5: Transfer Changes Needed to Undo Redistribution Induced by the Removal
of the GSEs.
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Note: This figure plots the changes in transfers needed to ensure an average zero CEV
for each income group when the GSEs are removed.
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Figure A.6: Marginal Tax Rate in the Data and in the Model.
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Table A.1: Distribution of Rental Housing Supply.

Wealth quintile group | Percentage of total supply
Quintile 1 0

Quintile 2 11.9

Quintile 3 35.5

Quintile 4 20.2

Quintile 5 32.3

Note: This table reports the percentage of total rental housing supply along the wealth

distribution in the benchmark economy with GSEs. Wealth quintile group refers to
the households in the quintile.
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Table A.2: Welfare Effects by Household Type of Removing the GSEs (When Taxes
Adjust).

Average CEV (%) Wealth quintile group
1 2 3 4 5 All
Renter 0.004 | -0.227 | -0.852 | -0.968 | — | -0.094
High leveraged homeowner | — | -0.566 | -0.267 — —  1-0.371
Low leveraged homeowner — — 1-0.001 | 0.286 | 0.464 | 0.211
No debt homeowner — — — 0.163 | -0.048 | 0.020
All 0.004 | -0.373 | -0.225 | 0.227 | -0.028 | -0.078

Note: The table reports the average Consumption Equivalent Variation (CEV) in
percentages by household type. It is positive when the household is better off without
the GSEs. Low-leverage homeowners are those with debt-to-value below the median
debt-to-value in the benchmark economy with GSEs. Wealth quintile group refers to
the households in the quintile.
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Table A.3: Welfare Effects of Removing the GSEs Separating the Rent and Interest
Rate Channels.

Average | Percentage
CEV (%) | CEV >0
By household type
Renter 0.385 88.1
High leveraged homeowner -0.328 7.56
Low leveraged homeowner 0.232 85.8
No debt homeowner 0.554 100
All 0.239 72.0
By wealth quintile
Quintile 1 0.511 100
Quintile 2 -0.122 37.3
Quintile 3 -0.191 23.3
Quintile 4 0.351 100
Quintile 5 0.647 100

Note: The table reports the overall CEV numbers in Table 1.4 and Table A.2 separated
out from the rent and interest rate channels. That is, the CEV is computed using only
the other three channels (credit risk subsidy, house price, and tax channels) in the
decomposition (1.40). Wealth quintile group refers to the households in the quintile.
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Table A.4: Robustness Analysis: Real Estate Fund.

Variable Benchmark economy Real estate fund
(recalibrated)
With GSEs | Change to | With GSEs | Change to
no-GSEs no-GSEs
Risk-free rate 1% -34.2bp 1% -14.7bp
Average implicit mortgage subsidy 44.7bp -44.7bp 47.3bp -47.3bp
Homeownership rate 68.5% -2.22% 66.3% -8.53%
Average debt-to-value mortgagors 58.1% -19.3% 56.8% -14.5%
Average mortgage spread 0.717% 22.1bp 0.662% 7.8bp
% of homeowners with debt 72.7 -6.87% 71.4 -11.1%
Housing stock-to-GDP ratio 4.21 -1.55% 4.34 -0.44%
Median deposit-to-asset ratio 25.7% -13.3% 33.1% 10.7%
House price 1 -1.16% 1 -0.11%
Shelter price 0.0299 3.18% 0.0281 2.64%
Price-to-rent ratio 33.4 -4.20% 35.6 -2.78%
Foreclosure rate (%) 1.14 -38.3bp 1.09 -68.5bp

Note: This table studies the removal of the GSEs in the economy with a real estate
fund of Section 1.8.1. For ease of exposition, the first two columns reproduce Table

1.3 for the case with rebates via taxes. Bp means basis points.
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Table A.5: Robustness Analysis: Constant Deposit Rates.

Variable Benchmark economy Constant deposit rate
With GSEs | Change to | With GSEs | Change to
no-GSEs no-GSEs
Risk-free rate 1% -34.2bp 1% Obp
Average implicit mortgage subsidy 44.7bp -44.7bp 44.7bp -44.7bp
Homeownership rate 68.5% -2.22% 68.5% -0.78%
Average debt-to-value mortgagors 58.1% -19.3% 58.1% -19.8%
Average mortgage spread 0.717% 22.1bp 0.717% 13.2bp
% of homeowners with debt 72.7 -6.87% 72.7 -3.89%
Housing stock-to-GDP ratio 4.21 -1.55% 4.21 -3.91%
Median deposit-to-asset ratio 25.7% -13.3% 25.7% -4.711%
House price 1 -1.16% 1 -3.20%
Shelter price 0.0299 3.18% 0.0299 5.85%
Price-to-rent ratio 33.4 -4.20% 33.4 -8.55%
Foreclosure rate (%) 1.14 -38.3bp 1.14 -55.4bp

Note: This table studies the removal of the GSEs in the economy with constant deposit
rates of Section 1.8.2. For ease of exposition, the first two columns reproduce Table
1.3 for the case with rebates via taxes. Bp means basis points.
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Table A.6: Robustness Analysis: Percentage of Households Favorable to Removing the
GSEs.

Benchmark | Real estate | Constant
economy fund deposit rate
By household type
Renter 33.8 56.9 0.08
High leveraged homeowner 11.6 0.23 0.18
Low leveraged homeowner 78.3 68.6 73.5
No debt homeowner 63.2 80.6 99.6
All 43.9 55.3 40.4
By wealth quintile
Quintile 1 53.3 97.1 0
Quintile 2 0.20 16.5 0.20
Quintile 3 22.2 5.43 5.55
Quintile 4 89.5 77.5 95.8
Quintile 5 54.5 79.7 100

Note: The table reports the percentage of households of a certain type favorable to
removing the GSEs, that is, the percentage with CEV> 0. Low-leverage homeowners
are those with debt-to-value below the median debt-to-value in the economy with
GSEs. Wealth quintile group refers to the households in the quintile.
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Table A.7: Tax System Parameters.

n | Cutoff income level (z,) | Tax rate (t,)
1 0 0.10

2 0.22 0.15

3 0.90 0.25

4 1.81 0.28

5 1.81 0.33

6 2.76 0.35

7 5.58 0.396
Maximum deductible (¢) 12.291

Note: The table shows the normalized marginal tax rates, cutoff income levels, and
maximum deductible mortgage amount. These values are obtained from the tax
schedule described in the 2013 IRS Form 1040 Instructions, Schedule Y-2, page 101.
We converted all cutoff levels in the units appropriate to our model using the median
CPS wage earnings in 2013.
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