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Abstract

The welfare evaluation of debt subsidies, usingféi@ent statistics approach, has not ac-
counted for the #ect of changes in the price of the assets financed with this debt. In this
paper, | extend the classic framework for applied welfare analysis to evaluate the welfare
effects of mortgage subsidies, accounting for changes in house prices. | generalize the
suficient statistics formulas to describe theeet of mortgage subsidies on house prices,
individual welfare, and ficiency costs, yielding novel insights. First, individual wel-
fare depends on the loan-to-value ratio in addition to the classic statistics describing the
elasticity of demand and supply. Second, borrowers might be hurt by linear borrowing
subsidies, as they act as non-linear subsidies for total financing costs. Third, the increase
in house prices attenuates thieaency cost of mortgage subsidies. | use my generalized
suficient statistics formulas to gauge thi#eets of eliminating mortgage deductions. In
particular, | calculate the elasticity of house prices to mortgage rates for 269 metropoli-
tan areas and estimate the distributional impact on households’ welfare. Moreover, my
estimates suggest thatieiency gains from eliminating these deductions are 40 percent
lower than without the attenuatingfect of house price changes. My results open new
avenues for applied welfare analysis of cremtiticies.
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1 Introduction

Subsidies that reduce the cost of debt for households or firms are commonly used with the objective
to promote the expenditure on the assets financed with this debt. For example, mortgage interest
deductions subsidize housihgeduced rates on student loans subsidize higher education, and tax
breaks on corporate debt subsidize corporate investment. To evaluatéettieoéthese policies,

it is necessary to consider thé&fext they will have on the cost of both debt and the debt-financed
asset. But, to the best of my knowledge, the welfare evaluation of debt subsidies usfhigi@anu
statistics approach has not accounted for theceof changes in asset prices. Using this approach,
this paper evaluates the welfarffeets of mortgage subsidies, accounting for the role of house
price changes.

In the first half of the paper, | generalize the textbook model for welfare evaluation of tax
policy to show analytically the role of house price changes. | characterize by simple formulas,
as functions of reduced-form Sicient statistics that can be empirically identified, tifkeets of
mortgage subsidies on house prices, individual welfare, #idescy costs. In the second half
of the paper, | use my generalized formulas to gauge the magnitude of theds eéhat would be
brought about by the elimination of mortgage interest deductions (MID) across U.S. metropolitan
regions. This application illustrates the role of house price changes for the welfare evaluation of
mortgage subsidies.

To characterize theoretically théfect of mortgage subsidies, | extend the classic framework
for applied welfare analysis to an intertemporal setting, where households purchase durable houses
and finance them with mortgage débimportantly, | assume that households cannot save at the
rate that they can borrow, so financial markets are imperfect and households’ financing decisions
are uniguely pinned down. In fact, | show that households finance their house using first internal
funds and then mortgage debt, so the marginal user cost of homeownership for borrowers depends
on the dfective mortgage rate. Therefore, the marginal user cost is independent of the opportunity
cost of the downpayment and the fraction of housing financed with mortgage debt, i.e., the loan-
to-value (LTV) ratio. It follows that mortgage subsidies lower homeownership marginal costs,
thus increasing the demand for, and the price of, housing. Using my extended framework, | show
that financial market imperfections and house price changes have important consequences for the
welfare evaluation of mortgage subsidies.

1This was the fourth largest federal tax expenditure in 201fH¢®of Management and Budget 2015). In addi-
tion, mortgage rate subsidies are provided through the intermediation of mortgage credit by government-sponsored
enterprises, like Fannie Mae and Freddie Mac, which guarantee mortgages sold in the secondary market. It has been
estimated that this guarantee reducsaive mortgage rates by about 25 basis points (CBO 2001, Ambrose et al.
2004, Sherlund 2008, and DeFusco and Paciorek 2017).

2For a textbook version of this model, see Mas Colell, Whinston, and Green (2005). Ko#ikd Summers
(1987) and Auerbach (1985) survey the incidence dhdiency costs results in this literature, respectively.
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First, imperfect financial markets increase information requirements for the evaluation of debt
policy. In fact, with imperfect financial markets, the LTV ratio is an additional statistic for the
measurement of the welfar&ect of mortgage subsidies on individual households. With imperfect
financial markets, the LTV ratio is uniquely pinned down, as opposed to the case of perfect financial
markets, where this ratio is undetermined. Intuitively, the LTV ratio is needed to account for the
fact that the benefit from lower mortgage interest payments accrues only to the fraction of housing
expenditure financed with mortgage debt.

Second, accounting for house price responses to mortgage subsidies can overturn the classic
result that subsidies always (weakly) benefit their recipients. In fact, linear mortgage subsidies
impact households’ welfare as non-linear subsidies for the total financing cost of housing, because
the subsidy fully distorts the marginal user cost of homeownership but is received only on the
fraction financed with mortgage debt—the LTV ratio. Then, first-time buyers can be hurt by mort-
gage subsidies! This result challenges the intuition from the classic analysis of taxes and subsidies,
where subsidies always (weakly) benefit their recipients. As in the classic case, mortgage subsidies
benefit buyers by reducing mortgage interest payments and credfseitiing éfect by increasing
the demand and price of housing. Intuitively, mortgage subsidiestdnouse prices as if the house
was financed entirely with mortgage debt. By contrast, the subsidjeistieely received only on
the fraction financed with mortgage debt, equal to the LTV ratio. So when the LT \ffisisatly
low, the dfective subsidy is low, whereas the house price increase, which hurts first-time buyers,
is undfected. Therefore, when the LTV is small relative to the increase in house prices, first-time
buyers are hurt by mortgage subsidies.

| provide an analytical expression for the critical LTV value that determines the sign of the
welfare dfect on first-time buyers in terms of the demand and supply elasticities that pin down
house price changes. House price changes are larger, and the critical LTV is larger, when the
supply (demand) of housing is more price inelastic (elastic).

Third, the increase in house prices reduces ftfieiency loss of mortgage subsidies. As in
the classic case, the subsidy creates a deadweight loss in the mortgage market because it distorts
an optimal allocation, so the welfare cost of collecting the required tax revenue to finance the
subsidy is larger than the benefit perceived by households from the subsidy. But higher house
prices reduce the (compensated) mortgage demand and thus the deadweight loss generated by the
subsidy. Thus, the deadweight loss from mortgage subsidies is smaller than what obtains using
the suficient statistics formula that abstracts from the adjustment in house prices. fldrertie
caused by the adjustment in house prices is economically significant, as | show in the second part
of the paper.

In the second part of the paper, | use my generalized welfare formulas to provide new esti-

3] use the convention that more elastic refers to a larger elasticity in absolute value.
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mates of the fect of eliminating MID. | consider a sample of B/million mortgages originated
in 2010-2015, in 269 metropolitan areas, together with available estimates for the other key pa-
rameters. Assuming that housing markets are geographically segmented, | produce estimates for
269 metropolitan areas of the house price declines &iwescy gains caused by the elimination
of MID, and of the distributional impact on individual households’ welfare of this policy change.

One challenge for accounting for thé&ext of asset prices in general, and of house prices
in particular, in the sfiicient statistics framework is the empirical identification of the interest
rate demand elasticity for the asset or the debt used to finance the asset. This identification is
challenging because any change of interest rates is expected to influence asset demand and thus the
asset price, complicating the identification of only a change in interest rates on the asset lemand.
Similarly, the demand for debt responds to both the interest rate and the asset price. To overcome
this challenge, | establish, under very general assumptions, that the mortgage rate semielasticity
of house demand equals the ratio between the price house demand elasticity and the individual
user cost of homeownership (Lemrha Using this relationship together with existing estimates
for the price demand elasticity of housing and the user cost, | estimate an average mortgage rate
semielasticity oF15.3 (Section3).

Using my estimates of the mortgage rate semielasticity of house demand, my sample of mort-
gages, and available estimates of the other key parameters | estimafiethefeliminating MID
on house prices, individual households’ welfare, afiidiency gains.

First, | estimate theféect of eliminating MID on house prices for the 269 metropolitan areas
in my sample. Using the $licient statistics formulas, | estimate a (house-value-weighted) average
mortgage-rate semielasticity of house prices-6f9. That is, a 1 percentage point reduction in
the mortgage rate will increase house price b9 percent on average. My estimates for this
elasticity vary across regions primarily due tdtdiences in the house price elasticity of supply,
which are obtained from Saiz (2010). | estimate an elasticity of house prices with respect to
mortgage rates ranging fror0.6 in Miami, Florida, where house supply is the most inelastic, to
—1.2 in Pine Bldt, Arizona, where the supply is the most elastic. My estimates are broadly in
line with other estimates in the literature that estimate these elasticities directly from the data but
my estimates fber a higher level of regional granularity. These estimates imply a (house-value-
weighted) average decline of house prices.8ffercent from eliminating MID.

Second, | provide estimates of the distributional impact on households’ welfare, or the inci-
dence, of eliminating MID, depending on households’ mortgage characteristics and the estimated
local house price decline. As described by my incidence formulas, the elimination of MID has a

4This is especially challenging in the case of housing and mortgage markets, as house prices are negotiated bi-
laterally. So even if a single household randomly receives a lower mortgage rate, the price she will negotiate for her
house is expected to b&ected.



different éfect on first-time homebuyers and homeowners. Both sets of households are hurt from
the elimination of MID, which increases theiffective mortgage interest rate. However, home-
buyers benefit from the drop in house prices, whereas homeowners are additionally hurt by it. |
estimate that on average homeowners welfare drops Bydekcent of the value of their house,
whereas homebuyers welfare drops only By @rcent of the value of their house. For an average
house value of $32000 these fects correspond to a present value loss of, §3® for home-
owners and a loss of $200 for homebuyers. In other words, current MID are more helpful for
existing homeowners relative to first-time buyers. Given tikeintial response of house prices

and diferent characteristics of households’ mortgage contracts the average incidence is also es-
timated to vary across regions. | estimate that on average homebuyers’ welfare decliné by 12
percent of the house value in Alexandria, Louisiana, whereas homebuyers in San Francisco, where
house prices are estimates to drop more, are estimated to lose.®mplgr8ent of the house value
(representing losses of $820 and $12.60 for a $32M00 house, respectively).

Finally, | estimate theféiciency gains from the elimination of MID. As the theoretical frame-
work highlights, these gains are attenuated by tfieceé of mortgage rates on house prices. |
estimate that for my sample of B/million households ficiency gains total $8 billion, or an
average fficiency gain of 5 basis points of the house value. Extrapolating to the 49 million house-
holds that finance their homes with mortgage debt (U.S. Census Bureau 2010-201 4 ¢i¢aloy
gains would increase to a modest®billion. My estimates imply that these losses are 40 percent
lower than without the attenuatingfect of house prices.

My paper relates to three strands of the literature. First, my paper contributes to the public
economics literature that utilizes thefcient statistics approach to analyse imperfect financial
markets, arguing that asset price changes are key for the welfare evaluation of debt policies. The
suficient statistics approach traces its origins to the work by Harberger (1964) and combines the
advantage of the cleaner identification of reduced-form parameters with the ability of structural
models to describe welfardtects (Chetty 2009). Using this approach Matvos (2013) studies how
covenants create benefits for corporate borrowers by completing debt contracts. D&vila (2015)
analyzes optimal bankruptcy exceptions for unsecured debt. Auclert (2016) studies the role of
redistribution in the transmission of monetary policy, when financial markets are incomplete due
to borrowing limits and limited financial assets available for trade. By contrast, | study an envi-
ronment with real housing assets and where financial market imperfections preclude households
to save at the rate they can borrow. Nonetheless, as | do, Auclert obtains that to evaluate welfare
balance sheet information is needed and changes in financial asset prices should be accounted for.
Although | focus on the case of mortgages and housing, the techniques and insights developed
here are suitable to analyze debt policies in other contexts where debt is used to finance real asset
expenditures, like corporate investment in fixed assets or college students’ investment in human



capital®> My results open new avenues for applied welfare analysis in these settings.

Second, my paper contributes to the literature that uses fiieient statistics approach to
analyze the #ect of housing policy, and mortgage policy in particular (cf., Laidler 1969, Aaron
1972, Rosen 1979, Poterba 1992, Poterba and Sinai 2008). This literature considers how mortgage
subsidies and other policiesfact the house rental rate and evaluates the welfifieeteof these
policies using a rich description of the U.S. tax code. For instance, Poterba (1992) and Poterba and
Sinai (2008) gauge theftciency cost and distributional impact of MID, respectively, abstracting
from the adjustment in house prices. Relative to this literature | focus on the tax provisions that
affect the cost of mortgage debt, | consider imperfect financial markets, | relax the assumption that
house prices are fixed, and | consider individual heterogeneity in mortgage contract characteristics.
My analysis shows that the response of house prices introduces significant regional variation for
the dfect of mortgage policy and that ignoring this response will overstatefttuéeacy cost of
these subsidies. In fact, my results suggest that fii@ency costs of MID are about 40 percent
smaller than without the attenuatinffext of house prices, as estimated in previous studies.

A related literature has looked at thigext of MID on homeownership, or the extensive margin
of housing demand. For example, Bourassa and Yin (2008) conclude that MID reduce home-
ownership rates of young households due to tfieceé on house prices. In addition, Glaeser and
Shapiro (2003), analyzing time and cross-state variation in MID, find thatffeeteof MID in
homeownership is small. Similarly, Hilber and Turner (2014) present evidence based on within-
and across-state variation in MID over time showing that this subsidy feitteve in promoting
homeownership. Hilber and Turner (2014) argue that the capitalization into house fisets the
reduction on homeowners’ rental rates brought about by MID. Furthermore, Sommer and Sullivan
(2016) study the impact of MID on a quantitative macroeconomic model with endogenous tenure
choice, rents, and house prices. Counterfactual analysis in the Sommer-Sullivan model shows that
eliminating MID will increase homeownership rates, instead of reducing théfhese studies
and my analysis share the emphasis on the capitalization into house prices of mortgage subsidies.
However, this strand of the literature highlights the traéfebetween renting and owning and the
importance of the extensive margin of housing demand, which | abstract away from in my analysis.
But, the conclusion of these studies lend some support to my focus on the adjustment along the
intensive margin of house demand, as most of the response to mortgage subsidies is expected to
occur along this margin.

SA related literature has considered tHeeet of debt subsidies for the optimal capital structure of corporations.
For recent contributions, see De Mooij (2012) and Weichenrieder and Klautke (2008), and for surveys see Auerbach
(2002) and Graham (2008). But this literature abstracts away from the price of capital-good inputs.

60ther studies have evaluated, using a structural approach, the weftots ®f changes infiective mortgage
rates generated by the role of the Government Sponsored Enterprises in the intermediation of mortgage credit. For
reecnt examples, see Jeske, Krueger, and Mitman (2013) and Hurst et al. (2016).
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Finally, my paper contributes to the literature that studies ffeztof mortgage credit on house
prices. Using my sfficient statistics formulas, | estimate an average mortgage rate semielasticity
of house prices 0f6.9 across the 269 metropolitan areas in my sample, which is broadly in
line with direct estimates from empirical studies (Glaeser, Gottlieb, and Gyourko 2012, Adelino,
Schoar, and Severino 2014, Kung 2015). The simpfiecsent statistics formulas can also be used
to estimate theféect of the quantity of credit on house prices: the elasticity of house prices with
respect to the volume of mortgage loans. | obtain an average estimate for this elasticBy of O
in line with the direct estimates of Favara and Imbs (2015) and Di Maggio and Kermani (2015).
My estimates support the conclusion of Glaeser, Gottlieb, and Gyourko (2012) that the decline in
interest rates in the early 2000s cannot explain the increase in house prices in this period. Like these
authors, | derive a formula for the semielasticity of house prices with respect to mortgage rates,
which incorporates endogenous house supply. But instead of focussing on the extensive margin
of house demand, | focus on the intensive margin. As in Glaeser, Gottlieb, and Gyourko (2012),
when house supply is totally inelastic, | recover a semielasticity of house prices with respect to real
mortgage rates close t20, as in Himmelberg, Mayer, and Sinai (2005) and as prescribed by the
static asset market approach to house valuation (Poterba 1984).

The rest of the paper is organized as follows. Secipresents the theoretical framework and
the analytical characterization of th&exts of mortgage subsidies. Secti®aescribes the data
used to quantify theféect of eliminating MID. Sectior! presents my estimates of thé&ext of
eliminating MID by metropolitan area on house prices, households’ welfare,fAciemecy gains.
Section5 provides some concluding remarks. And an Appendix contains additional material.

2 Theoretical Framework

In this section | extend the simple model for applied welfare analysis to characteriziéetieo
mortgage subsidies. Importantly, the cost of mortgage déétta households’ housing demand
and financing decisions—the LTV on their house purchases. Moreover, house defeatsithe

price of housing, which in turn influences housing and mortgage demand. | describe by simple
formulas, as functions of reduced-formfiscient statistics, the role of mortgage subsidies in deter-
mining house price changes, economic incidence, #iency costs.

2.1 Setup

| consider an economy with two periodss 0, 1. The economy is populated by households (home-
buyers and homeowners), house producers, and lenders. There are two goods, durable housing and
perishable consumption, which is the numeraire. In addition, household can borrow from lenders



using mortgages that may be subsidized by the government.

Homebuyers. There is a continuum of mass 1 of identical homebuyers who derive utility from
housing purchased in period ¥,and period 1 consumption, | abstract away from non-housing
consumption that could take place in period 0 for simplicity and consider period 1 consumption to
capture the intertemporal nature of mortgage borrowing. Buyers’ preferences are represented by
u(x, c), which is increasing and concave in each argument. This preference specification is very
general as it does not impose separability between the utility derived from housing and period 1
consumption.

Homebuyers receive incomein period 0 in units of the numeraire. They have no initial
housing units, but can purchase them in period 0 at gricdomebuyers can finance their house
purchases with their income or mortgage debt, denotenh.bf£ach unit of mortgage borrowing
requires the homebuyer to pay a unit of the numeraire in period 1 in exchangeufits of the
numeraire in period 0. A mortgage subsidgdds to the amount received by borrowers in period
0, so after the subsidy borrowers recetye t units in period 0, per unit promisédUsing this
notation the loan-to-value (LTV) ratio equals € t)m/px. Homebuyers also pay lump-sum taxes
T in period O.

In the model, house prices in period 1 are exogenous, as the model abstract away from the
equilibrium of the housing market in that period. However, in order to account for the main deter-
minants of the user cost of housing—expected capital gains and depreciation—I| assume that the
house price in period 1 is proportional to the endogenous house price in period 0. In particular,
| assume that this price reflects (expected) house price apprectaéiod the depreciation of the
housing stoclg, thus the house price in period 1 equalst(x — §)p. Under these assumptions
the budget constraint in period 0 and 1 are given, respectivelyyxoy T < y + (q + t)m and
c < (1+ - 8)px— m. Finally, | assume that both consumption and mortgages are non-negative.

In general, homebuyers will choosdtérent combinations of housing, consumption, and mort-
gage debt depending on the price of housing and mortgages, and households’ preferences and in-
come. To illustrate thefBect of mortgage subsidies, | focus on buyers at an interior solution where
optimality imply that

R UCRTELS (1)
whereuy (U¢) corresponds to the marginal utility of housing (consumption),rdét)d= 1/(q+t)—1

corresponds to theffective mortgage interest rate after the subsidy. The term in square brackets
in equation {) corresponds to the user cost of homeownership, which is increasing iffebtwe

’Using the mortgage priag, instead of the mortgage interest rate, simplifies the analysi§cieacy costs below.
But this is equivalent, up-to a first order approximation, to working with a subsidy on the mortgage interest rate: where
mortgages provide a unit of the numeraire in period 0 in exchange for a paymentro£11/qin period 1.

8Non-negative consumption imposes a natural borrowing limit, and the non-negativity of mortgages prevent buy-
ers from saving at the mortgage rate, which is without loss of generality as | focus on unconstrained borrowers.
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mortgage rate and depreciation, and decreasing in expected capital gains (cf. Poterba 1984, or
Himmelberg, Mayer, and Sinai 2005). Note that the mortgage subsidy fully distort the cost of
funds in the user cost expression, i.e., tifiedive marginal user cost is the same regardless of
what fraction of the house is financed with mortgage debt—the LTV ratio—and what fraction is
financed with a downpayment. This result follows from the pecking order generated by financial
market imperfections. Households finance their house expenditure using first internal funds, i.e.,
their income, and only then using mortgage debt. Then, at the margin borrowers fir pdesent

and future consumption at the mortgage interest rate. This result has important implications for the
effect of mortgage subsidies and holds as long as borrowers cannot invest at interest rates higher
than the mortgage rate.

Homeowners and house producersTo highlight the distributional féects through house prices

on existing homeowners and house producers, | consider these agents separately. There is a contin-
uum of mass 1 of identical homeowners and a continuum of mass 1 of identical house producers.
Homeowners have a fixed endowment of housesmd have linear preferences for the proceeds

of house salesph. Homeowners derive utility of house sales, so they will always sell all their
house endowmenit. In addition, houses are produced by price taking firms that prodboasing

units at a cosk(z), which is increasing and quasi-convex. Firms optimal behavior impptyx’(2),

which implicitly define producers’ house supply. Therefore, total house sy + z

Lenders. There is a continuum of mass 1 of identical lenders, who maximize profits. Lenders have
deep pockets and an opportunity cost of funds givensbyror each loan, lenders give borrowers

g = 1/(1 + r) units of consumption in period 0 and are promised 1 unit of consumption in period
1. Lenders operate a constant return to scale technology, which reflects origination and servicing
costsp per loan. Thus, lenders maximization problem corresponds tg(max; — p)l. Lenders
optimal behavior will pin down the lending mortgage rate r; + p. That is, mortgage supply is
effectively totally elastic at; + p. This is a consequence of the simplifying assumptions on this
part of the model: constant funding cost and constant return to scale technology.

Government. The government collects lump-sum taxefrom consumers in period O in order to
finance mortgage subsidies. Given a government pgticy}, the government needs to balance its
budget in period 0, i.etm = T. | assume that the government collects non-distortionary taxes in
terms of period 0 income to simplify thefeiency analysis in the presence of inconfieets (see
Auerbach 1985).

Note that free-disposal makes the model isomorphic to a model where savings-€30% return. The same
pecking order is obtained in a model where households can save at an interest rate that is strictly lower than the
effective mortgage ratg(t).

101n keeping with the simplicity of the model, in this section homeowners are assumed to sell their houses inelasti-
cally. Nonetheless, in the analysis of sectibmomeowners will be identified with mortgage refinancing, so they will
be dfected both by the reduction offective mortgage rates and the change in house prices.

9



In this environment a competitive equilibrium is defined as follows.

Definition 1 (Competitive Equilibrium) A competitive equilibrium consists of a house price, p,

a mortgage rate, r, allocations for homebuyefg, ¢, m}, loan supply, I, house production, z,
homeowners’ sales, h, and government poltyl}, such that: homebuyers, homeowners, house
producers, and lenders behave optimally taking prices as given, the housing and mortgage markets
clear, and the government runs a balanced budget.

In an dfort to maintain the simplicity of the model | have abstracted away from several features
that are relevant in practice. These features are not required to describe the results but influence the
welfare estimates presented in sectioriirst, the model abstract from uncertainty about income
and house prices. The former will introduce a precautionary motive reducing the demand for
mortgage debt. The latter increases the user cost of home ownership. In fact, following Poterba
(1992) and others, for the measurement exercise of settlmonsider that the user cost comprises
a term that captures a risk premium for housing investritent.

Second, the model abstract from other forms of borrowing and savings. This simplification is
not instrumental for the results in this setting without uncertainty, as long as saving instruments
offer an interest rate lower than the mortgage rate, and other forms of borrowing have higher
interest rates than mortgages. These conditions seem plausible: risk-adjusted saving rates are
lower than borrowing rates, as reflected by positive bank interest rate spreads in practice and as
required by no-arbitrage conditions in theory; and mortgage (and other securitized borrowing) rates
are lower than rates on unsecured forms of credit, as collateral enhances lenders’ recovery rates.

Third, | abstract away from homebuyers’ income in period 1. Future incdfeeta the demand
for housing, as it fiects homebuyers’ lifetime income, but it does not change the optimality condi-
tion for an interior equilibrium (equatiori)). Therefore, the analysis will remain unchanged when
future income is considered, unless the homebuyer is constrained in the amount she can borrow
using mortgage debt. This will be the case when there are minimum downpayment requirements,
or equivalently, maximum LTV limits, a case that is discussed below.

Finally, | abstract away from the extensive margin for housing demand. Incorporating a rental
market in the analysis is expected to influence the welfare evaluation of mortgage subsidies. These
subsidies may induce renters to become homeowners directly impacting households’ welfare. But,
as my analysis and related literature emphasize, the capitalization into house prices of mortgage
subsidies increases the rental rate of homeownership, which the subsidy aimed to decrease. The
overall dfect of mortgage subsidies on the incentive to own versus to rent is thus ambiguous. The
available research on théfect of MID on homeownership rates suggests that the oveftaitte
of these subsidies on homeownership rates is small (Glaeser and Shapiro 2003, Bourassa and

Wwhen | calibrate the user cost to the data | will take into account the presence of this and additional terms of the
user cost of home ownership that | have abstracted away in the simple model.
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Yin 2008, Hilber and Turner 2014, Sommer and Sullivan 2016). The conclusion of these studies
suggests that most of the response to MID is expected to occur along the intensive margin of house
demand, which | consider in my framework.

2.2 The Incidence of Mortgage Subsidies

How are the costs and benefits of a mortgage subsidy shared between homebuyers, homeowners,
house producers, and lenders in equilibrium, when these subsitBestzouse prices? To answer
this question, in this section | derive formulas for the incidence of mortgage subsidies that parallel
the derivations of Kotlikef and Summers (1987).

Let D be the aggregate demand for houses, which from equatjodefppends on the house
price, p, and the after-subsidy mortgage raté). In addition, the uncompensated individual and
aggregate demand functions will depend on households’ incgme,addition, letS be the total
supply of houses, which is only a function of house prices, as homeowners will always sell their
house endowment and house producers will adjust their production plans depending on the level
of house prices. Then, house market clearing requires that

D(p.r(t).y) = S(p) - 2

To describe the behavior of house prices and the incidence of mortgage subsidies it is useful
to introduce the following notation. Lefy, = (dD/dp) p/D andesp = (dS/dp) p/S denote
the price elasticity of housing demand and supply, respectivelyplet (0D/dr)/D denote the
mortgage-rate semielasticity of house demand, ang},let (0p/dr)/p denote the mortgage-rate
semielasticity of house prices. In addition, for a given mortgage subsidst p(t) denote the
house price that obtains in equilibrium. The following result follows.

Proposition 1 (Incidence of Mortgage Subsidies)l'he incidence of increasing the mortgage sub-
sidy, t, equals zero for lenders(1 + r(t))*zpsp, for house producers;(1 + r(t))*hpep, for home-
owners, and

UepX(L+ 1 (1) (Zpelr (®) + 6 — 7] + LTV) (3)

for homebuyers, where the the mortgage-rate semielasticity of house prices is given by

{p,r = L < O . (4)
gs’p - gD,p
The formal proof is relegated to the appendix. Intuitively, the first oréfecceof the subsidy is
brought about by price changes, which are generated by the adjustment in the demand for mortgage

debt and housing depicted in Figute With a totally elastic supply of mortgage debt the interest
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rate charged by lendens,remains fixed; thus, buyers see their borrowing cost drop framm — t,

as depicted in panel (a). This is the most favorable outcome in the mortgage market for borrowers.
The mortgage subsidy, then, lowers the user cost for housing services (eqigtioaréasing the
demand for housing. The increase in the demand for housing, depicted by the first arrow in panel
(b), depends on the mortgage rate semielasticity of house demand and the change in the mortgage
rate. The second arrow in panel (b) shows how the equilibrium in the housing market is restored
via an increase in house prices with the corresponding movements along the demand and supply
for housing, which depend on the corresponding price elasticities. Higher housing consumption
at higher house prices is financed with higher mortgage debt, so the demand for mortgage debt
increases (panel (a)).

As described above the upshot of the mortgage subsidy is a reduction—one-for-one in this
case—of the #ective mortgage rate and an increase in house prices. These two price changes
have opposite féects on buyers’ welfare as shown in equati@h (This equation presents the
two effects normalized by the house value and the marginal value of income (the term in front
of the brackets)? On the one hand, lower mortgage rates benefit home buyers by lowering their
mortgage interest payments (or equivalently increasing their mortgage borrowing for a given future
repayment). Thisféect is captured by the second term inside the brackets in equa)iamd it
is proportional to the LTV on the house purchase, as the benefit from lower mortgage rates only
accrues to the fraction of the house financed with mortgage debt. On the other hand, higher house
prices hurt buyers as it increases the house rental rate, so households give up a higher fraction of
their lifetime income for house consumption. Thi$eet is captured by the first term inside the
brackets in equatiorBy, £, [r(t) + 6 — ] < 0.

As the subsidy increases house prices, house producers and homeowners benefit. This benefit
equals the value of the houses they sell times the increase in house prices, given by the house price
semielasticity to mortgage ratés; .

Note that the incidence on lenders is zero because | assumed that lenders operate a constant-
return-to-scale technology and have a constant opportunity cost of funds. Allowing lenders’ op-
erational or funding costs to increase as the supply of mortgage debt increases will attenuate the
reduction of the ffective mortgage rate from mortgage subsidies. Intuitively, banks origination
and servicing costs may increase as the volume of mortgage lending increases; or alternatively, as
banks increase their demand for funds to originate more mortgages they will neféer ta loigher
compensations to their lenders, e.g., depositors. Allowing for these general equililifacts.e
then, is expected to attenuate the incidence on households and have a non-negative incidence on
lenderst®

12The term (1+ r(t))® appears due to the assumption that mortgage subsidies increase the loaned amount, but it
goes away if the subsidy is applied directly to the mortgage rate.
13The incidence on lenders will remain zero if the constant-return-to-scale technology assumption is maintained,
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Propositionl is related to two previous results in the incidence literature. First, the result is
related to the incidence of changes in interest rates on intertemporal consumption. A reduction in
the interest rate makes current consumption cheaper incentivizing agents to increase current con-
sumption and increase (decrease) borrowing (savings). On the other hand, a decline in interest rates
generate a positive (negative) incontteet for borrowers (savers). The totdlflext on intertempo-
ral consumption and borrowiygavings decisions depends on both of theBeces. The result in
Propositionl can also be described in terms of substitution and incdfieets. A reduction in the
mortgage rate, which is the relevant intertemporal price of consumption for households, reduces
the user costs of present house purchases and increases the cost of future consumption. House-
holds borrow more in order to substitute future consumption for additional housing today. But the
additional house demand pushes house prices up, generating a negative iffeastferehouse-
hold, which is proportional to the entire house purchase. Lower mortgage rates, on the other hand,
generate a positive incoméfect for borrowers proportional to the LTV of the house purchase.
These two incomefiects determine the incidence of the subsidy.

Second, the result of Propositidnis related to the incidence of non-linear taxes. Reiss and
White (2006) show that the incidence of nonlinear taxes equals the traditional expression for the
compensated variation plus the change in the premium paid on inframarginal units. When a house
is mortgage financed a fraction;- LTV, is financed with a downpayment. The user cost on the
marginal units financed with debt depends on the after-subsidy mortgage rate; in contrast, the user
cost for the inframarginal units financed with a downpayment depends on the opportunity cost
of funds used for the downpaymetit. A mortgage subsidyfiects the house rental rate through
both its dfect on house prices and the user cost. On the one handfféoe @& house prices on
the rental rate is given b, [r(t) + 6 — x], the first term in equation3). On the other hand, the
reduction of the ffective mortgage rate reduces the user cost one-for-one for the marginal units
financed with mortgage debt and does nééet the user cost for the inframarginal units financed
with a downpayment. Thus, the change in the user cost plus the change in the premium paid on
the inframarginal units is just the change in the user cost for the units financed with mortgage debt.
Since the change was one-for-one the change in the user cost equals the LTV ratio, i.e., the fraction
of house expenditure financed with mortgage debt, the second term in equ@tidrnét is, the
linear mortgage subsidy acts as a non-linear subsidy on the total financing cost of housing.

Equation §) is interesting on its own as it provides a reduced form expression, in terms of key
economic parameters, for th&ect of mortgage rates on house prices, specifically, the mortgage
rate semielasticy of house pricé&s,. But as discussed above the identification of the mortgage

but it will be become positive if the technology is assumed to have diminishing returns to scale.

14The model abstract away from saving alternatives for households in period 0. But when these alternatives are
considered and the household, at the margin, is substituting between savings and house expenditure, the interest rate
on savings determine the opportunity cost of funds.
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rate house demand elasticity, is complicated by the interplay between mortgage rates and house
prices. The following Lemma establishes a relationship between the mortgage rate house demand
semielasticity, the price house demand elasticity and the user costs.

Lemma 1 (Mortgage Rate House Demand Semielasticityln an interior solution to the house-
hold problem

€D,p
Tt +o-n ®)

The proof consists of a simple application of the chain rule. In facRlet [r(t) + 6 — #]p
denote the house rental rate. Thign = 1/x(0x/dp) (0p/dR) (OR/0r) = ep p/[r(t) + 6 — n] QED.

Lemmal establishes a relationship between the house price demand elasticity of housing and
the mortgage rate demand semielasticity of housing: housing is more sensitive to a one percentage
point reduction of the mortgage rate than a one percent reduction in house prices, as a one percent-
age point reduction in mortgage rates has a gredfecteon the housing rental rate. Similarly, a
one percentage point reduction in mortgage rates has a ldfget en the demand for housing as
the user cost decreases, as it will represent a larger proportion of this cost.

Moreover, Lemmal allows me, under very general conditions, to obtain an estimate of the
mortgage rate house demand semielasticity based on the price demand elasticity and the user cost,
which can be empirically identified. In this way, Lemrhallows me to overcome the inherent
challenge for the empirical identificiation of the mortgage rate demand elasticity, as mortgage
rates #&ect the demand and the price for housing.

Substituting equatiorb] in equation §) | get

{D,r

_ldp_ 1 £o,p
~ pdr r(t) +6—mesp—&pp

Cor (6)

The ratio of price elasticities in the right-hand side of equati®ncorresponds to theffect on

house prices from introducing a one percent house price subysitty.addition, the user cost

r(t) + 6 — n < 1 so its reciprocal is greater than 1. Thus, the reciprocal of the user cost equals the
house price response amplification from mortgage subsidies, relative to house price subsidies, due
to the fact that the rental rate is more sensitive to changes of mortgage rates relative to changes of
house prices. Furthermore, equatiéhléads to the following corollary.

Corollary 1 (Mortgage Subsidies Can Hurt Borrowers) If the demand for housing is downward
sloping with respect to the house prieg,, < 0, and the supply for housing is upward sloping,
esp = 0, then-1 < £ [r(t) + 6 — 7] < 0 and mortgage subsidies hurt borrowers if LTY¥
—Lorlr(t) + 6 —nl.

The corollary is a direct consequence of Proposifipbemmal, and the fact thats ,, —ep p >

5The result follows from implicit dierentiation of equatior?], considering no pre-existing house price subsidies.
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0 imply that-1 < ep p/(esp — €p,p) < 0. Corollaryl describes a surprising result, as it establishes

a suficient condition for borrowers to be hurt by mortgage subsidies. This condition is satisfied
whenever the initial LTV ratio is low enough, or the supply (demand) is very inelastic (elastic). The
result is surprising as it challenges the intuition from the classic analyses of taxes and subsidies
on commodities, where subsidies always weakly benefit their recipients. ffeeedce with the
classic resultis a consequence of the non-linfaceof the subsidy in the user cost of homeowner-
ship. As described above, the user cost for the marginal units financed with mortgage debt depends
on the dfective mortgage rate, whereas the user cost for the inframarginal units financed with a
downpayment depends on the opportunity cost of the funds used for the downpayment. Mortgage
subsidies fiect the user cost on the marginal units and thus distort the demand for housing as if
housing was financed entirely with mortgage debt. In contrast, the impact of mortgage subsidies on
borrowers’ welfare takes into account that only a fraction of the house is financed with mortgage
subsidies (equatiorg)). In fact, the benefit from lowerfective mortgage rates only accrues to the
fraction financed with mortgage debt, whereas the negafiigetdrom higher house prices accrues

to the entire house.

House price responses described in equatirafe amplified by the adjustment in LTV in-
centivized by mortgage subsidies. In order to show how this amplification channel operates it is
useful to consider the problem of a homebuyer who is constrained by an LTV limit. This is the
case, for instance, when the marginal utility of period 1 consumption is bounded and period O
incomey is low enough such that the natural borrowing limit= O binds. In this case, mort-
gage borrowing equals (& 7 — §)px and the LTV = (1 + = — 6§)/(1 + r(t)), which is fixed for
any level of the mortgage subsidy Given the borrowing constraint, the demand for housing is
given by (1+ r(t))y/[(r(t) + 6 — m)p], from where it follows thatp, = ep pLTV/[r(t) + 6 — 7).

Given that LTV < 1 this attenuates the semielasticity of house prices with respect to interest rates.

It is interesting to note that in this case of an LTV limit, the incidence on homebuyes is always
non-negative—as in the classic case. In this case, the marginal and avéeafe & mortgage
subsidies are aligned. This case highlights that it is the LTV increase generated by the mortgage
subsidy that opens the scope for the subsidy to hurt homebuyers, who are the intended beneficiaries
of the subsidy.

The increase of LTVs caused by mortgage subsidies in the model could be thought of as an
upper bound, as in the model the only additional source of funds to finance the increase in housing
expenditure are mortgages. However, in practice home buyers might respond by adjusting their
overall portfolio and liquidate some other assets to finance the additional house expenditure. In
addition, as buyers increase their LTV, lenders might increase the interest rate to protect themselves
against higher expected losses, or risk averse home buyers might refrain from taking additional
leverage when they face house price or income risk. These channels suggest that the increase in
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LTV will be attenuated, but the evidence points to increases (decreases) in LTV when mortgage
subsidies are increased (decreased), lending support for this implication of the'fnodel.

2.3 Hficiency Costs from Mortgage Subsidies

What is the éiciency loss from the distortions introduced by mortgage subsidies, when these
subsidies fiect dfective mortgage rates and house prices? To answer this question, here | derive
the classic excess burden formula for mortgage subsidies that parallel the derivations in Auerbach
(1985). The expression | obtain can be represented graphically as the area between the supply and
demand functions and the wedge introduced by the subsidy in the mortgage market: the Harberger
triangle.

To calculate the excess burden generated by mortgage subsidies additional assumptions are
needed. One necessary assumption is that mortgage subsidiesfentyhause prices in period
0, whereas house prices in period 1 are fixed. This assumption is needed because the house price
in period 1 is not determined by the equilibrium of supply and demand. Similar results would
obtain if future price &ects are considered together with all the determinants of house demand
and supply in future periods. Another set of assumptions are required to carry on the calculations
and are drawn from the literature to facilitate comparison with the classic results (see Auerbach
1985, for a discussion of the techniques and assumptions needed for these calculations). First,
profits from house producers are rebated lump sum to households. This assumption together with
accounting for the welfare change of homeowndfsatively makes the excess burden measure
independent from the redistribution of resources from households to firms (or firms to households).
Second, preferences do not exhibit inconffeds, i.e., preferences take the following quasilinear
form, u(x) + c. This assumption is necessary to make the triangle delimited by the uncompensated
demand function an accurate measure of welfare, but it can be relaxed obtaining similar results, as
| discuss below. This assumption also allows to aggregate the weflfamseacross households,
fixing the marginal utility of incomé’

Let v denote the indirect utility function ane(p, r,v) denote the expenditure function given
a house pricep, a mortgage rate, and an indirect utility.*® | follow Davidoff, Brown, and
Diamond (2005) and specify the expenditure minimization problem as the problem to minimize
period 0 expenditure to achieve the level of indirect utilitgnd imposing the budget constraint

18For the dfect of mortgage subsidies on LTVs see Follain and Dunsky (1997), Ling and McGill (1998), Dunsky
and Follain (2000), and Hendershot, Pryce and White (2002).

In addition, recall that the government finances itself with lump sum taxes in period 0. Alternatively, it can be
assumed that it has some other non-distortionary forms of income.

18This notation allows to consider the two variational measures of welfare change for consumers in the case with
non-zero incomeféects. In fact, ifv corresponds to the indirect utility in the equilibrium at the original (subsidized)
prices, then households welfare changes are measures by the compensated (equivalent) variation.
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in period 1 as a constraint. Under these assumptions the excess burden of introducing a mortgage
subsidyt, denoted byE B(t), corresponds to the loss in consumer surplus (which includes the loss
in firms’ surplus), plus the loss for homeowners, minus the change in government revenues.

EB(t) = e(p(t), r(t), v) — 7 (t) - &(p(0), r(0), V) + 7(0) — (p(t) — p(0))h + G(p(), r(1). t.y) ,

whereG(p, r,t,y) denote the government expenditure on mortgage subsidies, eqo#ita, y) .*°
A second order Taylor approximation BB(t) yields the following result.

Proposition 2 (Efficiency Cost from Mortgage Subsidies)The ¢ficiency loss from mortgage
subsidies equals
EB(t):%tAm. (7

This result has an intuitive explanation that can be better described using BigMi@tgage
subsidies reduce thdfective mortgage rate faced by borrowerstbincreasing the demand for
mortgage debt. As the model assumptions ensure that the interesffeaizl dy lenders remains
fixed atr = r¢ + p, the dfective mortgage rate faced by borrowers becomets Thus, the demand
for mortgage debt increases until théfdience between the original mortgage demit{@) and
mortgage supply equatsas depicted in Figurg. This increases borrowers’ surplus by the area
abde The government needs to finance a subsiftyr every unit of mortgage credit taken by
borrowers, for a total cost aim(t) equal to the areacde This creates a deadweight loss equal to
the area of the trianglecd, ort Am/2 . This is the Harberger deadweight loss triangle of mortgage
subsidies from the distortion introduced in the mortgage market.

In addition, in the housing market the increase in demand for housing raises pricgy @oim
p(t). This price increase creates a loss for homebuyers equal to thatar@avhich is exactly the
gain for sellers, i.e., home producers and homeowners (FRur€hat is, the &ect of the mort-
gage subsidy on the housing market is a zero-sum redistribution between buyers and sellers that
creates no additional deadweight 168$n sum, in the mortgage market the subsidy introduces an
inefficient distortion, whereas in the housing market the subsidy generates a wealth redistribution
through the house price, without contributing to additionatticency losses.

The deadweight loss depends on the sensitivity of mortgage borrowing to the sutisidy,
which is comprised of two parts. First, aSextive mortgage rates fall homebuyers increase their
demand for housing and thus they increase their demand for mortgage debt. Second, as | emphasize
in this paper, asféective mortgage rates fall house prices incrediecting mortgage demand in

9Note that in the general case with incontieets, the excess burden calculations are done considering the compen-
sated demand functions, so the government subsidy expenditure will depend on the compensated mortgage demand.

2ONote that the change in buyers’ welfare is the area under the supply fulsstasopposed to the area under the
demand function.
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two ways. Higher house prices increase housing expenditure, increasing the demand for mortgage
debt. In addition, higher house prices reduce housing and mortgage demand. So the increase
of housing and mortgage demand is attenuated by the increase in house prices. All in all, the
first order défect of lower éfective mortgage rates is to increase the demand for mortgage debt by
Am ~ —px(ep plpr + Lor + Lpr) At.?! Therefore, the fciency loss is larger when house demand

is more elastic to mortgage rates, i.e.{gsis larger in absolute value. In contrast, tHéaency

loss is larger when house demand is more inelastic to house prices. Intuitively, as the demand for
housing becomes less sensitive to house prices, there is a snfidtifimm the reduction of house
demand as house prices increase. Tieceof the mortgage rate semielasticity of house priges
depends on the price elasticity of house demaigl when the demand for housing is more (less)

than unit elastic, thefBciency loss is larger (smaller) when the semielasticity of house prices to
mortgage rates is more inelastic.

To derive Propositio2 | assumed that the demand for houses does not display indbeatse
This assumption is sometimes justified on the grounds that the market being studied is small,
making income ffects negligible (Vives, 1987). In contrast, for most households housing is an
important expenditure category and housing constitute an important fraction of financial wealth,
making income ffects relevant. As we know from the classic results in public finance, income
effects can be considered in the analysis by considering the compensated demand functions for
housing and mortgage debt and by considering that the form of compensation take a particular
form (Auerbach 1985). In fact, it is possible to extend the result of Propositassuming that
compensation takes the form of period 0 income. In this case,the uncompensated response
of mortgage borrowing, needs to be replaced in equatfiphy, Af, the compensated response of
mortgage borrowing.

To calculate the response of the compensated demand for mortgage debt, | use a “hat” (*)
to denote the variables corresponding to the compensated demand functions. For iastance, ~
andZp, denote, respectively, the price and mortgage rate compensated house demand elasticities.
Similarly, letemp, {mr, Emps andZM,r denote the uncompensated and compensated house price
and mortgage rate elasticities of mortgage demand. Then, the compensated response of mortgage
demand can be approximated Byh ~ —m(&uplpr + Zumr) At. WhereZ,, corresponds to the
mortgage rate semielasticity of house prices, when homebuyers are being compensated by the
income dfect of price changes, i.eﬁ,[,,r = ZD,r/(ss,p — &pp). The response of the compensated
demand for mortgage dektyn, can be expressed in terms of the demand elasticitielsdosing
using the Slutzky equations for mortgage demand and the relationship imposed on the demand

2N fact, from equation4) it follows that —pX(ep plpr + {br) = —PXpréesplesp — sD,p)’l > 0. Thatis, the
demand for housing increases as tlfiea of lower mortgage rates dominates the counterbalanéiagtef higher
house prices. In addition, housing expenditure increasesixy,, > 0.
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elasticities by the periot= 0 budget constraint for homebuyers.

Finally, suppose there is a preexisting subgind it is changed ty. Let Amy = m(ty) — m(to)
and use the same notation for other variables, for instaxt¢e; t; —to. Then, it can be shown that
the dficiency loss is given by the Harberger trapezoid formtilB{At,) = to Amy + 1/2 Aty Amy .

The formula of Propositio2 generalizes the classic Harberger formula for excess burden to
the case of mortgage debt, when house prices adjust in response to the mortgage subsidy. Laidler
(1969) shows that the classic Harberger triangle formula can be used to measufticibiecyg
cost of housing subsidies under the assumptions of perfect capital market—so the LTV ratio is
an irrelevant statistic—and fixed house prices. As in my analysis, Laidler considers that housing
demand is a function of the homeownership rental rate, and he maps tax code provisions into their
effect on the rental rate. Using my notation Laidler’'s excess burden formula can be expressed as
1/2 AXAR.?® In this case mortgage demand is undetermined and we can assume that it equals the
value of housing expenditure, i.an = pX, SOAM = pAX. Furthermore, when house prices are
fixed changes to the rental rate are caused by changes in the user costddreites the user
cost of homeownership, thekR = pAu, with Au = t. Thus, we can express Laidler's excess
burden as 122t Am. That is, we recover my expression for the excess burden. Teratice
with Laidler’s formula is that in my analysis mortgage demand will change in response to changes
in mortgage rates and house prices. Analytically, | approximate the change in the compensated
mortgage demand bATh ~ —m(&y plpr + {wy) At, Whereas assuming fixed house pricgs & 0)
the change in the compensated demand for mortgages approximated by—mZM,, At > 0,
ignoring the attenuatingfict of house price c:hangesméM,pr,r At < 0.

3 Data

In this section | describe the data used to measurefteetef eliminating MID. This description
precedes the generalization of the previous results, as the data availability will inform the modeling
choices to generalize these results.
Mortgage level information. | use mortgage level information from McDash Analytics (formerly
LPS) and Equifax Credit Risk Insight Servicing (CRISM). The details of these data sources and
calculations are provided in Appendix

From McDash Analytics | obtain information on mortgage term, house value, LTV ratio, mort-
gage interest rate, and the zip code of the property. | consider individual mortgages originated

22|n fact, from the Slutzky equtionsy’p = em.p+ PXY temy andim, = vy +PpXy LLTV(L+r(t)) Lemy , wheresyy
denotes the income elasticity of (uncompensated) mortgage demand. In addifienendiating the period 0 budget
constraintemp = LTV 2+LTV 2ep p, Zmr = (141 (1) LTV 2o +(1+r (1) 2 andemy = epyLTV 1-pxy LTV,

Z3Laidler (1969) assumed away incomeets and worked with the uncompensated response of housing demand.
But the literature that have built on his result has considered incdimet® so | consider the more general case.
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between 2010 and 2015, which corresponds to the longest sample excluding the financial crisis of
2007-2009* | restrict attention to fixed mortgages—i.e., fixed monthly payment and fixed term—
which have a first-lien on the property and with the most common mortgage terms (10, 15, 20, 25,
and 30 years}>?° My final sample comprise 1@ million mortgages.

From CRISM | obtained credit bureau data six months prior to the origination of the mortgage,
which | use to identify first-time homebuyers. CRISM matches credit bureau data from Equifax
with mortgage records in McDash. A mortgage is identified as a first time homebuyers if the
mortgage was reportedly used to purchase a property (as opposed to refinance it) and the borrower
did not have any opened mortgage account in his credit history over the last six months. Using this
definition | identify 185% of mortgages that correspond to first-time buyers (Taple

Table 1 provides descriptive statistics at the mortgage level. The average mortgage rate and
LTV ratio in the sample are.2 and 77 percent, respectively. Talie? presents descriptive
statistics for mortgage rates and LTV ratios separately for first-time buyers and homeowners by
mortgage term. As expected, mortgage rates and LTV ratios are higher (lower) for first-time buy-
ers (homeowners), with average mortgage rates and LTV ratio8d#4) and 90 (74) percent,
respectively. Also as expected, the mortgage rate and the LTV increase with the term of the mort-
gage. The latter probably reflecting a desire by both borrowers and lenders to keep income-to-
debt-service ratios low.

To handle the heterogeneity in mortgage chacteristics in the McDash data it will be useful to
introduce the following notation. Lete | index mortgage borrowers in my sample and consider
that each borroweris offered a diferent after-subsidy mortgage raté;) and borrows using an
initial LTV ratio LTV; and a mortgage term @i years?’

Elasticities. | draw from available studies and use Lemint® calibrate the relevant elasticities.

Saiz (2010) uses land topology-based estimates of land availability to provide estimates of the
price elasticity of house supply for 269 Metropolitan Statistical Areas (MSAS), over 10-year peri-
ods. | denote witles , ; the price elasticity of house supply in metropolitan ajed@he estimated
values range from as low as5to as high as 12, and have a population-weighted average.8f 1

The empirical literature suggests that the price elasticity of housing demand is clasestg.,

Rosen (1985) or Davis and Ortalo-Magne (2011). So kggt= —1.

2Granted, this is a special period following a large financial crisis. The/S&&e-Shiller U.S. National Home
Price Index of house prices fell between July 2006 and February 2012 by 27%, and was 5% below its July 2006 peak
in December 2015. But this period seems the most adequate to characterife¢hefehe elimination of MID if it
where to be implemented today.

253econd-lien mortgages have not been common after the financial crisis.

26additionally, | restrict attention to the zip codes in metropolitan areas for which | have information for the price
house supply elasticity (see Appendix

2"In the model of sectio@ borrowers with identical preferences will chooséelient LTV ratios, if they borrow at
different mortgage rategt;) or have diferent income levely.
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To calibrate the mortgage rate semielasticity of demdagg, | use the relationship of this
elasticity and the price elasticity of demand and the user cost established in Lenirha price
elasticity of demand was set . and to estimate borrowers’ user cost | proceed as follows. The
mortgage data from McDash provides the mortgage rate for each borrower. The other terms of
the user cost, namely— x in the model of sectioR, are calibrated assuming that they represent
all the non-mortgage rate components of the user cost, some of which | have abstracted away in
the model for simplicity. | follow Poterba (1992) and Himmelberg et al. (2005) and consider the
following additional component of the user cosi{:the marginal income tax;, property taxes,
and¢ the risk premium. Let denote the nominal mortgage rate, which equals the real mortgage
rater plus the (expected) rate of inflatidh Then | can express the real user cost, accounting for
the deductibility of mortgage interest and property taxes,asyi + (1 - ry))tp,+ 6 — 7+ ¢. The
values for these parameters are set following Himmelberg et al. (2005)25%I1 = 2%, 7, =
1.5%, 6 = 2.5% 7 = 1.8%, andp = 2%. With a slight abuse of notation | denote the real user cost
byri—7ji+6—-nm,andIseto -7 = (1 -7)1p+ 5 — 1+ ¢ = 3.8%. Considering my sample
average nominal mortgage rate 02% and a 2% inflation, | obtain a real mortgage rate.@f2
and a subsidy from MID of about 100 basis points. These parameter values give a real user cost of
housing of 5% (Tablé).

Lemmal can be restated considering the deductibility of mortgage interest in the user cost of
homeownership. In this case, the relationship between the mortgage rate demand semielasticity
and the house price demand elasticity is given by

ri—ryii+<5—zr '

§D,r,i = (8)

This relationship can be used to compute the mortgage rate semielasticity of house demand
at the individual level. Tabléd present descriptive statistics of my estimates for this elasticity.
The sample average equal$5.3, with individual estimates displaying significant heterogeneity
ranging from-41 to-5.

Finally, lety be the housing expenditure share, corresponding to the rental rate of housing over
income, and letpy denote the income elasticity of house demand. Following Poterba (1992) and
Davis and Ortalo-Magne (2011) | set= 0.25, and following Poterba (1992) | sat, = 0.75.

4 Estimates of the Hfects of Eliminating MID

In this section, | present my estimates of thfeets of eliminating mortgage interest deductions
(MID) on house prices, individual welfare, anffieiency gains. | estimates theséeets for 269
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metropolitan areas in the U?3] begin in sectiord.1 with a description of how thesefects are
measured using the data described above. Settipresents my estimates for thiext on house
prices from a change infiective mortgage rates and compares them with other estimates. Finally,
section4.3 presents my estimates of the distributional impact afidiency gains of eliminating

MID for the 269 metropolitan areas in my sample.

4.1 Measurement of Welfare Hects

The characterization of the incidence and tlfieceency loss of mortgage subsidies presented in
section2 was done in the simplest framework to highlight the economic mechanisms and the
economic intuition. In contrast, in this section | generalize these results to measufkeths ef
eliminating MID incorporating the relevant features of the data described in sé€ction

Assuming that the marginal tax raterisand that the household deducts mortgage interest from
her income tax, thefective mortgage rate is reducedy. Arguably these are strong simplifying
assumptions, as marginal tax rates vary substantially by households depending on theirincome and
some households may opt for the standard deduction to the income tax. Nonetheless, given that
the McDash and CRISM data do not contain income or other relevant tax-related information, |
assume that the marginal tax rafe= 25% for all households and that all households itemize their
deductions.

These assumptions willfi@ct the estimated house prices and welfdfeats. For the house
price dfects estimated from the elimination of MID it is expected that they will be amplified, as
| assume that non-itemizers also reduce their demand in response to the policy change. This bias
is attenuated as households afkeetively weighted by their share of housing consumption and
households living in more expensive housing units tend to itemize. Moreover, my estimates of the
semilasticity of house prices with respect to mortgage rates are immune to this bias as they consider
an hypothetical change ififective mortgage rates. For the distribution@et of eliminating MID,
I will attribute the negative féect of higher &ective mortgage rates for all households although
non-itemizing buyers (homeowners) will only benefitffsu) from lower house prices. For the
efficiency loss, | will overestimate the aggregatieet as for some households the elinination of
MID will have no dfect on dfective mortgage rates. This bias goes against my result that the
aggregate ficiency gains from eliminating MID are small given thé&set in the distortion of
mortgage demand generated by the decline in house prices.

Despite the simplifying assumption that marginal tax rates are the same across households,
the actual subsidy from MID will vary across households reflecting tlfierénces in nominal
mortgage rates. To handle this heterogeneity analytically | introduce the following notation. Let

28The estimates for the 269 metropolitan areas are availabié@www.federalreserve.ggeconresdagedy
2016files/feds2016081data.csv
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¢ € [0, 1] denote the fraction of mortgage interests that can be deducted, séfe¢htve real
mortgage rate isi(¢) = ri — ¢7yi; , when a fractiorp of mortgage interests can be deducted. Then,

¢ = 1 represents the current condition, where all mortgage interests can be deducted, whereas
¢ = 0 represents the elimination of MID. In addition, | denoteAry = r;(0) — r;i(1) the change

in the mortgage rate—or any other variable—from the elimination of MID. Now, | can present the
simple formulas for theféect of eliminating MID on house prices, incidence, afftteency cost.

House price dfects. In the data diterent regions display af@ierent price elasticity of supply and
households (first-time buyers and owners) borrow using mortgage contracts fietiewnlt charac-
teristics. | assume that each metropolitan area corresponds to a segmented housing market with no
household mobility in response to MID, so each metropolitan region can be considered separately.
Let I; be the set of households in metropolitan regjp@andw; be household’s share of hous-

ing consumption in the region. The aggregate demand for housing is givER by (p;. ri(ti), ¥i).

Then, fully differentiating the house market clearing condition for regiaith respect to the mort-

gage rate, | obtain the following expression for the mortgage rate semielasticity of house prices in

region |
2liel; WidDri
fprj = L —— 9)

€spj ~ €Dp

Similarly, the éfect on house prices in regigrfrom removing MID can be approximated by

Ap; i, widpriTyli

Pj €s,pj ~ €D.p

(10)

In Section4.2, | provide metropolitan level estimates of the mortgage rate semielasticity of
house prices using equatia®) @nd of the house price decline implied by the elimination of MID
using equationX0).

Incidence. One feature of the data is that house investments and mortgage borrowing extend over
many years. Here, | describe the assumptions made to extend Propbsitemultiperiod setting.

First, | assume no transaction costs. Then, the incidence of mortgage subsidies will only depend
on the future trajectory of housing and mortgage demand, and will be independent of the moves
a households makes in the period. If a household moves from one house to an identical house (as
measured by theirfBective housing units represented byn the model) and maintain the same

path for mortgage balances, this move will have fiea on the incidence of mortgage subsidies.

Second, | assume that the household does not adjust its housing or mortgage demand after the
origination of her mortgage. That is, the household let its housing stock to depreciate andfpays o
her mortgage according to the schedule implied by the original fixed mort§age.

2°The assumption of a fixed housing stock is similar to assuming that the household pays the required maintenance
costs to keep its housing stock fixed, except for the timing of maintenance costs.
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Third, | assume that after the household payfrer mortgage she sells the house and consume
the proceeds. Buying another house will make the incidence to depend on the adjustment to the
housing stock, which | cannot observe in the data. This assumgtestsathe estimates depending
on the future path of the housing stock and mortgage debt. For households that do not purchase
another house thetect of this assumption depends on thi@adience between the actual future sale
date versus the date when the mortgage is pilidc@r households that remain in the house after
the mortgage debt was scheduled to be p#idloe harm from selling the house at a lower price is
front loaded making the estimated welfaféeet of the subsidy worse for borrowers. In contrast,
if the house is sold before the mortgage termination date the advéese @& lower future house
prices is back loaded in my calculations and bias the estimates making them more beneficial for
households. But, note that in the latter case the mortgage will be prepaid and the household will
forego the reduction infeective mortgage rates considered in my calculations, making the welfare
estimates less beneficial for households.

| make the same assumptions to model the behavior of homeowners. The only distinction
between homeowners and first-time buyers is that the former already own their optimal housing
stock, so the change in house prices ortfgets these households when they sell their house.

Then, under my assumptions it is possible to establish the following result.

Proposition 3 (Incidence over multiple periods) The incidence of a permanent elimination of
MID, equals zero for lenders,;p(Ap;/p;) for house producers,

AV, = Up;X (—¢p(ri(1>, T) % (i1, T)) LTvi) (1)
J

for household i in metropolitan area j, whefep;/p; < 0 is given by equationl(0) and the price
and LTV multipliers are, respectively, given by

1-(1-r(1)-6+m)" for first-time buyers

Pp(ri(e), Ti) =
~A-ri@Q)-6+m)" for homeowners
Tyij 1 12T,
m(ri(e), Ti) = - 11 ( 1 - 1 I ) .
i) T 12(1+ri() 2 \(L+ri(e) -1 (L+ri(p)= [(1+ri(e)" - 1]

It follows that the welfare #ect of the elimination of MID can be expressed as the sum of two
terms: one term representing the impact of the decline in house prices, and another term represent-
ing the burden of higherfiective mortgage rates, which depends on the LTV ratio at origination.
The magnitude of these twdfects depends on the mortgage rate, the other components of the user
cost, and the mortgage term (assumed to equal the duration of the house investment). A longer
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mortgage term increases the present value of MID, as it increases the present value of interest pay-
ments. On the other hand, longer house investments reduce the present value loss of selling the
house at a lower price in the future. Note that the price multiplier is positive for first-time buyers
(¢p > 0) and is negative for homeowneis,(< 0), reflecting the dferential impact that the per-
manent house price decline have on these two group of households. A reduction in house prices
benefit first-time buyers as the benefit from purchasing their houses at a lower price outweigh the
present value loss from selling these house units at a lower price in the future. On the contrary,
under my assumptions, homeowners are offlgcaed negatively from a lower house price when

they sell their house units in the future. TaBlpresents descriptive statistics of the price and LTV
multiplier for owners and buyers depending on their mortgage term.

Note that equationl(l) makes the incidence on households comparable when they purchase
houses of dferent values. In fact, the term in the RHS inside the parenthesis in this equation
measures the incidence as a fraction of the house value. In Sécfohuse this equation to
provide estimates of the incidence of MID on homeowners and first-time homebuyers.

Efficiency Costs. To measure theficiency losses | need to maintain some of the assumptions
made in Sectior?2.3. In particular, | consider the same two period framework and maintain the
assumption that house prices in period 1 are fixed. Given that the calculatioficiehey losses
abstract from distributionalfgects, | abstract from the distinction between owners and first-time
buyers. | assume that all households have to buy their desire housing stock and at the same time
are entitled to the proceeds from the sale of the existing stock of housing and the profits made by
house producing firms. In contrast, | relax other assumptions that are not needed to calculate the
efficiency cost in practice. First, | consider incomféeets in the demand for housing. Second,

| consider that in each metropolitan region there are heterogenous households who borrow using
different mortgage rates and LTV ratios, as observed in the data.

Letn;(¢) be the profit of house producers in metro ayeden the fraction of mortgage interest
that can be deducted ¢s let h; be the existing housing stock in metro aijgand lett;(¢) be the
period 0 mortage subsidy when a fractiprof mortgage interest can be deductédUsing this
notation the excess burden of eliminating the MID in metropolitan aczm be expressed as

EB;(1,0) = > &(p;(0).ri(0),v) - 7;(0) - p;(O)hy
iel;
= > &), 1i(1), ) + (1) + py(Lh; + G(p;(0). 11,(0), 0, &, (p;(0). 1i(0), W) ,

i€l

where variables with subscript denote the vector of values for all householda metro area
j, for ins.tancer.j = {rikia;; andG(pj,nj,go, e.j(p,-,ri,vi)) denotes the government expenditure on

30From the identityg + ti(p) = (1 + 1 — pryii) L it follows thatti(¢) = ryii(L+ )11 + ri — ryii) L.
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mortgage subsidies, equal e, ti m(p;. ri, &(p;j. ri, vi)) = Yiel; i m(p;, ri, Vi), where the last
equality uses the identity between the uncompensated and compensated demand functions.
A second order Taylor approximation aroupd- 1 gives the Harberger triangle forméta

EB(1,0)~ 5 Y M(0) - M) = 5 > A (1) (12

i€l |e|J

wherem(¢) = M(pj(e). ri(), vi) is the compensated mortgage demand function.

To evaluate this formula in the data | use that the change in the compensated mortgage demand
can be approximated vn ~ M(1)[ém i ADj/P; + ZMU Ari], whereAp;/p; corresponds to the
decline in house prices in regignwhen households are compensated for the price changes induced
by the elimination of MID. The change in the compensated mortgage demand can be expressed in
terms of the house demand elasticities using the Slutzky equations and the relationship imposed by
the period 0 budget constraint (see footn®d#e. In fact, combining these equations | obtain that
Ewpi = €p,p/LTV;, as the income compensation for mortgage demand cancels witlft¢ice &f
house prices on house expenditure, &ng = [¢o.ri/LTV, + ri(e)/ (L + ri()]/(1 + ri(¢)) , where
the last term collects theffect of the income compensation and theeet of mortgage rates on
mortgage interest expenses. It follows that

AP; HALTV) .
Ay = PjXi (1+r(1))5Dp P, ({DI‘I _;I_Ti(l)l)Tyli] . (13)
house price #ect mortgage rateféect

That is, the distortion in the (compensated) mortgage demand can be expressed as the sum of
two effects. The house pricefect, which reflects that as house prices decrease when the MID
is eliminated AP; < 0) the (compensated) demand for mortgage debt increasgs< 0). On
the other hand, the mortgage raféeet captures that as th&ective mortgage rate increases, the
demand for mortgage debt declines (recall #iat < 0). One important takeaway from decom-
posing the distortion of mortgage demand into these two terms is that the housefj@cte-gvhich
is positive—attenuates the distortion of mortgage rates in mortgage demand, which will reduce the
efficiency loss brought about by mortgage subsidies. In Seétign use equationsl@) and (L3)
to provide estimates of thefeeiency gains from eliminating MID.

The main diference between equatiori?) and (L3) with previous studies is the presence of
the house priceféect. For instance, following Laidler (1969) and Rosen (1979), Poterba (1992)
measures the excess burden of mortgage subsidies B8irg1/2 AX AR. As argued above this
formula coincides with my generalized formula when house pfiiezts are ignored. But there are

3INote that Harberger’s trapezoid formula with preexisting MID turns into a triangle formula once | consider the
total elimination of MID.
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other diferences between previous work and mine regarding the sample considered and the way
key elasticities are calibrated. Therefore | focuss on tlfemince for the measurement of excess
burden caused by pricdfects, as described in equatial3), to compare my estimates with the
previous literature.

4.2 Estimates of the Hect of Mortgage Rates on House Prices

Using the previously derived formulas, together with the data described in s8¢ctican estimate

the sensitivity of house prices to mortgage rates in the 269 metropolitan areas in my sample. In
fact, equationsy) and (LO) provide, respectively, estimates for metropolitan grebthe mortgage

rate semielasticity of house price$, ; = 1/p;(dp;/dr), and of the decline in house prices from

the elimination of MID,Ap;/p;. These equations show that tiféeet on house pricesfiers across
metropolitan areas givenftierences in the price elasticity of suppd¥,, j, and the (house-value-
weighted) average mortgage rate semielasticity of demangl,= ¢, widoy; -

Table3 shows that while the supply elasticity displays significant variation across metropolitan
areas, the average mortgage rate semielasticity is very stable across regions, despite the individual
mortgage-rate semielasticities of house demand displaying considerable heterogeneity)(Table
In fact, the price supply elasticity has a (house-value-weighted) meab ahil a standard devia-
tion of 0.9.3? In contrast, the mortgage rate demand elasticity has a meah5ef and a standard
deviation of only 01. Thus, the sensitivity of house prices to interest rates is determined primar-
ily by the price house supply elasticity. Taldeshows that the estimated (house-value-weighted)
average decline in house prices from eliminating MID would & Similarly, the estimated
(house-value-weighted) average mortgage rate semielasticity of house pre8.iF hat is, the
decline in house prices from eliminating MID is about the same magnitude as predicted by a 1 per-
centage point increase in mortgage rates. This reflects that under the assumption that the marginal
tax ratery equals 25% and with an average nominal mortgage rate2é6 # my sample, the MID
amount to a reduction in thefective mortgage rate of about 1 percentage point. This semielasticiy
of house prices ranges froa9.6 in Miami, Florida, where the price elasticity of supply i$0, to
—-1.2 in Pine BIdt, Arizona, where the supply elasticity is.22

Figure 3 plots the estimated decline in house prices from eliminating MID for the 269
metropolitan areas in my sample. The figure shows that my estimates for the decline in house prices
depends primarily on the supply elasticity, and that they are well approximatet8y/ (s p,j+1).

This expression corresponds to equatibf) @ssuming: (i) anfective decline in mortgage rates
of 1 percentage point; (ii) a mortgage-rate house demand semielasticity equal to the average of
—-15.4 (Table3); and (iii) a price house demand elasticity equattg as | have assumed. This

32The household-weighted average supply elasticity.7¢ In my sample, in line with the household-weighted
average reported by Saiz (2010) of3.
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approximation works well given that the mortgage-rate house demand semielagicityvaries
very little at the MSA level (Tablg).23

My estimates of the mortgage rate semielasticity of house ptiggscan be compared to
direct estimates from empirical studies. The empirical evidence is broadly in line with my average
estimate of-6.9. One strand of the literature studies tHE&eet on house prices of changes in
mortgage rates, i.e., thpgice of mortgage credit. Glaeser, Gottlieb and Gyourko (2012) regress an
aggregate house price index of repeated sales against the 10-year Treasury bond rate and estimate a
house price semielasticity to this interest rate 68. But as they acknowledge, this estimate might
be biased by the endogeneity of interest rates. Adelino et al. (2014) use changes in the conforming
loan limit to measure thefkect of lower mortgage rates on house prices. They estimate a house
price semielasticity to mortgage rates betwe®l and-1.23* In a related study, Kung (2015)
uses the variation in the conforming loan limit together with the original asking price to asses the
likelihood that the change in this limit willféect a property and estimates a value-6ffor this
semielasticity. Himmelberg et al. (2005) and Hubbard and Mayer (2009) argue that the user cost
model imply a much larger elasticity in absolute value. In fact, in order for the rental rate to remain
constant, under plausible values for the key economic parameters of the user cost, they obtain a
value for this semielasticity of abou20. But, in my model for the rental rate to remain constant
the supply of housing needs to be fixed, that is, the price elasticity of supply needs to equal zero.
Taking a zero supply elasticity, equatio®) (mply a value close te-20 as estimated by these
authors.

Another strand of the literature studies thi&eet on house prices of thguantity of credit
supplied. Favara and Imbs (2015) and Di Maggio and Kermani (2015) use regulatory changes to
instrument for changes in the supply of credit at the county level and find that the elasticity of
house prices to the (instrumented) volume of mortgage loans is betwZzand033. Anenberg et
al. (2016) construct an instrument for the supply of credit based on a measure of credit availability
and estimate an elasticity of9 Using my notation this elasticity at a given metropolitan area
J corresponds tep . j, and it is equal to the ratio of the mortgage rate semielasticity of house
prices,{, j, to the average mortgage rate semielasticity of mortgage dergang, Using the
data described above, | can compute this elasticity for each metropolitan area. In line with these

%Note that equation1()) approximates the log-fierence of house prices, which equalss.4/(espj + 1)Ar ~
—-154 explespj)Ar, suggesting that regressions of (log) house price changes on the interaction of mortgage rate
changes and the elasticity of house-price supply can identify the average mortgage-rate semielasticity of mortgage
demand (considering a transformation of the price house supply elasticity).

34t is interesting to note that the range of estimates provided by Adelino et al. (2014) is about the same as the
range of values for the mortgage rate semielasticity of house prices that | estimate. However, these two ranges have
different interpretations. Adelino et al. (2014) give a range of estimates for the average semielasticity in 10 MSAs
considered in their analysis. In contrast, | provide a range of estimates for 269 MSAs, with the (household-weighted)
average of my estimates for the same 10 MSAs in the Adelino et al. (2014)) sample eg84l.to
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empirical studies, the (house-value-weighted) average of this elasticiy ($dble3).

The fact that the average estimated sensitivity of house prices is in line with the empirical
studies lends indirect support to my simple framework for welfare analysis and provides external
validity to the house pricefiects used in the welfare calculations described next.

4.3 Estimates of the Welfare Hects of Eliminating MID

In this section, | use the information described in seclido measure the distributional impact of
mortgage subsidies—its economic incidence—and fhieiency gains from eliminating MID—
the negative of the size of the deadweight loss generated by MID.
Incidence. As described in Propositiod the elimination of MID will hurt house producers pro-
portionally to the decline in house prices. Estimates by metropolitan area of these price declines
were presented in Sectign2
Proposition3 also describes how the elimination of MID wilffact households through two
channels: increasing mortgage interest payments and reducing house prices. The former hurt all
households—homebuyers and homeowners, while the latter hurts homeowners but benefit home-
buyers. Tablel presents my estimates for the incidence of eliminating MID on households’ wel-
fare. | consider the incidence measured as a percent of the house value to make these measures
comparable across households, the term in parenthesis in equaljpAd,; Pj/APj — ¢mi LT V.
Table 4 reports separately for homeowners and homebuyers the average incidence by mortgage
term. The first three columns of the table present the estimates dféuot @& only higher &ective
mortgage rates caused by the elimination of MID, assuming no change in house prices. Higher
mortgage rates hurt both first-time homebuyers and homeowners, with households using longer
mortgage terms being hurt more. Households using longer mortgage terms are hurt more given
that increasing the term of the mortgagkeetively increases leverage, as captured by the increase
in the LTV multiplier (Table2) and that LTV ratios and mortgage terms are positively related
(TableB.2). Comparing the average welfare reduction for the same mortgage term it is observed
that eliminating MID will hurt buyers more than owners, reflecting that buyers use higher LTV on
average, conditional on mortgage terms (Tabl#). Moreover, on average, buyers are hurt more
relative to owners reflecting that my sample of buyers uses relatively longer mortgage contracts.
The last three columns of Tabtepresent the estimated incidence on households when both
higher dgfective mortgage rates and lower house prices are taken into account. Lower house prices
increase the loss for homeowners. In contrast, lower house prices benefit first-time buyers, who
gain from purchasing their first house at a lower price. Tihece of house prices is more important
in present value the shorter the mortgage term, given my assumption that the house is sold at the
end of the mortgage term. All in all, on average, homeowners loss from the elimination of MID
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corresponds to 1%% of the value of their house, whereas on average first-time buyers only lose
8.5% of the value of their house. For an average house value of#32&hese correspond to a
loss of $36800 for homeowners and a loss of $200 for homebuyers.

Given the diferential response of house prices and heterogeneous mortgage characteristics the
incidence is estimated to vary across regions. Figudepicts the average estimated incidence
for buyers and owners at a given metropolitan area against the house price supply elasticity in that
metropolitan area. Buyers are expected to lose relatively less than owners,fVgén@swadditional
loss from the decline in house prices. This is the case in regions with less elastic supply of housing.
But it is the opposite in regions with a more elastic supply, where tfierdnce from the decline
in house prices is not enough téset the larger lossesf$ered by buyers as they borrow at longer
maturities and using higher LTVs (TakBe2).

My estimates display important variation across metropolitan areas for the incidence of the
elimination of MID. Figure5 presents a heat map for the average incidence on first-time buyers
by metropolitan area. In the more inelastic coastal regions, the elimination of MID is estimated to
cause a larger decline of house prices, thus it is estimated that homebuyers are hurt less in these
areas, depicted by the (warmer) lighter pink colors. In contrast, most of the midwest metropolitan
areas are depicted in (colder) lighter blue colors, reflecting the higher elasticity of house supply in
these regions that translates in an estimated smaller decline in house prices upon the elimination
of MID. | estimate that on average homebuyers welfare declines 84 2f the house value in
Alexandria, Louisiana, whereas homebuyers in San Francisco, where house prices are estimates to
drop more, are estimated to lose onl$% of the value of the house, representing dollar losses of
40,320 and 1260 for a 320000 dollar house, respectively.

Another way to look at the regional variation of th#eet of eliminating MID is to onsider
average ffects at the state level. Figufepresents a similar heat map as above considering the
average incidence for buyers by state. The same pattern emerges with the coastal and more inelastic
states displaying the smallest adverfie& for homebuyers of the elimination of MID, and the
interior states displaying the largest adverfec from the elimination of this subsidy.

For first-time buyers, the benefit from lower house prices can more tiis@t the loss from
higher dfective mortgage rate, upon the elimination of MID, as reflected by the positive estimates
reported in Table! for the maximum of the incidence on first-time buyers. My estimates imply
that slightly more than 4200 first-time buyers, in my sample, would have benefited if MID were
not in place. This estimate is likely to understate the number of households that would benefit, as
all households are assumed to deduct mortgage interest. Non-itemizing buyers will only benefit
from lower house prices.

Efficiency Gains. As described above thefiiency loss generated by MID is proportional to
the distortion generated on the (compensated) demand for mortgage debt (edujioraple5
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presents the contribution of the change in house pricesféectige mortgage rates to the change in
this demand. The elimination of MID, on average, will increaeaive mortgage rates by about
one percentage point. This increase ffeetive mortgage rates is estimateddicectly reduce

the demand for mortgage debt by. 7% of the (current) house value. Moreover, the increase in
effective mortgage ratasdirectly increase the demand for mortgage debt B¢&of the (current)
house value, as higheffective mortgage rates lower house prices. In fact, | estimate that the
elimination of MID causes a decline in house prices GPb, on average over households, when
the compensated responses of house demand are consiti€adde5 presents the total distortion

in the demand for mortgage debt as a percent of the house value. All in all, on average, the
elimination of MID is estimated to reduce mortgage demand 89 The upshot is that the
demand for mortgage debt responds about 40% less due tdte¢ coming from the decline in
house prices. In other words, abstracting from tfeeding éfect of house prices, as in Poterba
(1992), would yield largerficiency cost estimates for MID and other mortgage subsidies.

Table 6 presents descriptive statistics for thi@ency costs for first-time buyers and home-
owners by mortgage term. The first three columns present estimates dfitieney loss as basis
points of the house value. The elimination of MID is estimated to create avefiagereey gains
of 5.1 basis points of house values. By the Harberger triangle formula, the estintatéehey
gain is one-half of the product of the change in the (compensated) demand for mortgage debt and
the size of the current mortgage subsidy. The former estimated t®%ed the house value and
the latter estimated to be roughly 100 basis points. These values imply an avéigigaey gain
of about 5 basis points of the house value. The last three columns of@pldsent the estimated
average dollar value of thdfeiency losses from eliminating MID (negative values correspond to
efficiency gains). The averagdéfieiency gain is about $150 dollars per household, ranging from
gains of $82600 to losses of $10. Households who increase their (compensated) demand for mort-
gage debt in response to the elimination of MID contributefficiency losses. This is the case
for households who are currently borrowing at very low mortgage rates sdfdatiee increase
in mortgage rates from eliminating MID is small in percentage points and for whomflibet e

35The estimated price decline is lower when the income compensations are taken into account—corépare 5
decline with a household-weighted average decline in house price8%ffér the estimates reported in sectibi.
From the Slutzky equations we have that the compensated elasticities of house demand with respect to mortgage rates
and house prices are less elastic than their uncompensated analogues. On the one hand, a less elastic mortgage rate
semielasticity imply that house demand respond less to the same incredkexiivee mortgage rates. On the other
hand, a less elastic price elasticity imply that house prices need to adjust more to re-equilibrate the housing market
after a given increase in house demand. My estimates imply that the foffaer @ominates and house prices drop
less when income compensations are accounted for.

36My estimates for theficiency costs of MID are not readily comparable to Poterba (1992), as that study considers
a different sample period when interest rates were materially larger than in my sample, and as it approximates the
distortion in compensated mortgage demand by the change in compensated housing demand, instead of expressing
the distortion of the compensated mortgage demand by ftfieisnt statistics that describe house demand using the
Slutzky equations and budget constraints.
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of lower house prices determines the direction of the response of mortgage debt.fiiceiey
gains, for my sample of 18 million mortgages, add up to &billion.
Assuming my sample is a random subsample of the 49 million households that finance their
house with mortgage debt (U.S. Census Bureau 2010-2014), an upper bound for théd¢aaty
gains from the elimination of MID would be a modest&billion.

5 Conclusion

In this paper, | argue that the welfare evaluation of interest rate subsidies needs to account for
boththe dfects on the #ective interest rate and the price of the asset financed with the subsidized
debt. But, to the best of my knowledge, the welfare evaluation of debt subsidies usifigiesi
statistics approach has not accounted for tfiecé on asset prices, in general, or house prices, in
the case of mortgage subsidies.

In the first part of this paper, | generalize the classifisent statistic formulas to measure
the welfare &ect of mortgage subsidies considering tigeet of house prices. This characteri-
zation yields novel insights. First, imperfect financial markets increase information requirements
for the welfare evaluation of debt policies, as the LTV ratio, or balance sheet information more
broadly, becomes an additionalfScient statistic to measure the incidence of the policy. Second,
the adjustment of house prices overturns the classic result that subsidies always (weakly) benefit
their recipients. Indeed, linear mortgage subsidies act as nonlinear subsidies on total house fi-
nancing and may hurt first-time homebuyers. Finally, the response of house prices attenuates the
efficiency cost of mortgage subsidies, because higher house prices attenuate the distortions in the
(compensated) mortgage demand.

In the second half of the paper, | use my generalizeéficsent statistics formulas to gauge the
effects of eliminating mortgage interest deduction (MID) across 269 metropolitan areas in the U.S.
One empirical challenge to perform these calculations is obtaining cleanly identified estimates of
the elasticity of housing demand with respect to the mortgage rate, as any change in mortgage
rates is expected to influence house prices as well. | overcome this challenge, by showing that the
aforementioned elasticity equals the ratio of the price house demand elasticity and the user cost at
the household level (Lemng. | use this relationship to estimate individual mortgage-rate house
demand elasticities, based on information on individual user costs and available estimates of the
price house demand elasticity.

Using my estimates of the mortgage-rate house demand elasticity, information from a sample
of 17.6 million mortgages, and other estimates from the literature, | provide new estimates of the
effect of eliminating MID that vary across households and metropolitan areas. First, | estimate that
the elimination of MID will lead to house price declines between 1.2 and 9.6 percent, depending
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on the local price house supply elasticity. Second, homebuyers stand to loose relatively less than
homeowners from this policy change%&ersus 15 of the house value), as homeowners are hurt
both by the higherfective mortgage rates and the lower house prices. Importantly, weffactse

vary considerably across households depending on both the characteristics of the mortgage contract
being used (term, rate, and LTV) and the local response of house prices. Fifialgney gains

are estimated to amount to a modest $7.3 billion, extrapolating from my sample to all households
that purchase their house with mortgage debt, reflecting the attenufecga house prices. My
estimates suggest that this attenuation mechanism reducdéB¢hemey gains from the elimination

of MID by about 40%.

Future work should investigate how the results of the applied framework for welfare analysis
presented in this paper are influenced by the adjustment along the extensive margin of house de-
mand, which my analysis abstracted away from. The adjustment along the extensive margin of
housing demand, i.e., between renting and owning, may change the wettots ®f mortgage
subsidies. However, previous research suggests that the adjustment along the extensive margin is
small in response to mortgage subsidies, precisely because of the response in house prices (Glaeser
and Shapiro 2003, Bourassa and Yin 2008, Hilber and Turner 2014, Sommer and Sullivan 2016).

Future work can use the techniques and insights developed in this paper to measure the welfare
effect of debt policies in other settings, like the deductibility of corporate interest or the subsidies
to student debt. In these cases, the evaluation of debt policies ought to consider the spillovers of
debt policies into the market for debt-financed assets: structures and equipment or college tuition.

My new insights and evidence regarding tHeeet of mortgage subsidies help to inform the
public debate about the desirability of mortgage subsidies and the design of housing policy. If the
government were to maintain tax subsidies to encourage home ownership and the progressivity of
the tax code, my analysis suggests that a preferred alternative would be toftxatea credit for
homebuyers. This tax credit could be designed to span the duration of the house investment, in the
same way that an interest deduction spans the duration of the moffgkgethermore, it would
act as a lump sum subsidy, limiting the distortions introduced by the policy. In fact, it should only
distort the owning-versus-renting decision. Moreover, a fixed tax credit will be progressive, as it
will represent a larger fraction of house expenditure for lower income households.

37In fact, one can consider that the households take an hypothetical mortgage, with fixed monthly payments, in
order to calculate the desired tax credit that will be granted for the remaining balance on that hypothetical mortgage
each year.
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Appendix

A Proofs

Proof of Proposition 1. Let V(t) = V(p(t), r(t),y) denote households’ indirect utility function. From the
utility maximization of households the indirect utility function is given by

V() = u(x,c) —uc(L+r®)[px-y-(q+t)m] —ucfc— (1 -6+ m)px+m|,

where | have substituted for the lagrange multipliers in an interior solution of the households’ problem.
Applying the Envelope Theorem | get

v __, dr)

Gt - %

d p(t)

[px—y—(g+t)M] — uc(1 + r(t) +U(l—6+m)——=

[dp(t) (dq(t) . 1)
dt

= ucpx| - 5 p()[r(t)+6 7r]+(1+r(t))2LTV)

where lused thalg/dt = 0ifr =r¢+p, px-y—(g+t)ym= 0, 1+r(t) = 1/(q+t), andLTV = (g+t)m/(pX) .
Moreover, sincalr/dt = —(1 + r(t))?, applying the Chain Rule | get

dv

Gt = = ucpx(1 + r(t))z(——[r(t) +6—7]+ LTV)

Since homeowners sell all their endowment of housing, the incidence on them e(iualét))?h dp/ar.
Similarly, applying the Envelope Theorem to the profit maximization of house producers, | get that the
incidence on these agents equafs + r(t))?z dp/or.

On the other hand, implicit fierentiation of equatior?] yields

dS(p) dp(t) _ 9D(p(V). r(t)) dp(t) . ID(p(), r(t)) dr()

dp dt op dt or dt

By the Chain Ruledp/ar)(dr/dt) = dp/dt. Substituting ford p/dt in the expression above, multiplying by
p/D, and rearranging | get

19
1op_, -0 n

p or " Esp—éEDp

Proof of Proposition 2: By definition the excess burden of a mortgage subsidyiven by

EB(t) = e(p(t). r(t). v) — 7(t) — &(p(0). rm(0), V) + 7(0) - (p(t) — P(O)h + G(p(t). r (1), t. &(p(t), r(t). V) .

In order to approximate the excess burden with a second order Taylor polynomial, | calculate the follow-
ing derivatives. First, using the Envelope Theorem in the households’ expenditure minimization problem
together with a fix mortgage interest rate (price) and house price in period 1 | get

ey _ ap(),

at  ac ™
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where the derivative of the multiplier of the period-1-flow-budget constraint canceled given that that
constraint is active. Second, using the Envelope Theorem in the producers’ maximization problem |
getdr(t)/dt = z dt)/dt, and noting that homeowners sell all their endowment independent of prices,
d(p(t)h)/dt = h dp(t)/dt. Finally, taking derivatives of the government subsidy expenditure, | get

GOPOIO _ 1y g, 1 STOLTON

Therefore,
dEB() _  dm(p(t).r().y)
dt dt ’
where | used that = z+ hin equilibrium.
Taking second derivatives,

d*EB(H) _ dm(p().r(V).y) , , d*m(p(t). r(1).y)
dt2 dt dt2 ’
Ignoring the curvature terms and using a second order Taylor approximation, | get
dEBO) 1d’EB(0) , _1dm(p(0).r(0)y) » 1
it "2 ae |2 dt t=ZAmt.

where | used thadm/dtAt = Am, with At = t — 0 andAm = m(t) — m(0). On the other hand, from the
household budget constraim p(t), r(t), y) = p()x(p(t),r(t),y) —y—T so

EB(t) ~

1dm

1
EB(t) ~ >t t? = _é(l + r(t))sz({p,r +pr+ 8D,p§p,r)t2 ]

Proof of Proposition 3: N
Let a tilde denote the monthly counterpart of variables. That idljlet 12T;, letfi(¢) be the monthly
mortgage rate with (2 fi(¢))*? = 1+ri(¢), and so on. Then, | can write the problem of a first-time buyer as

maxu(x, Cio, - - - , Gif;)
S.t. PjoXi + Cio + To < Yio + Mo

C1+ (1+Ti(e)Mio + T1 < yi1 + M1

Gf, + (L+Fi(@)M 5 o+ Ts, <Vif, + P (1-06+ #)Tix

Let A be the Lagrange multiplier of the budget constraint in petjaden from the FOC with respect to
mortgage debt it follows that; = A,1(1 + Fi(¢)). From where it follows that

A= (1+Fi(9) 0. (A.1)
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On the other hand, the Envelope Theorem imply that

dViy) _ . dpjo(<p) "Zﬁt dr (90)

rdpin o)
de de

+ A3 (1 -6+ )"

In addition, by assumption a permanent increase imply thatdpjo/dey = dp;s,/d¢ = dpj/de. This
relationship together with equatioA.(l) and that the mortgage unpaid balamae for a fixed mortgage
with monthly paymen& and termT; is given by

m, = a (1_ 1
TR\ @it

allow me to rewrite the incidence as

Vi) __, [1_ (1—5+7r)fi] dpi(e)
dp (L+Tie)T ] de

1 12T; dfi(e)

0 T - T .
L+ri(@)2 -1 (L+ri(e)2[(L+rie)T -1]] d

Using that (1- & + 7)T /(1 + Fi(¢)T ~ (1 - ri(¢) - 6 + 1T and thatdfi(¢)/dg = —yi;, | obtain equation
(12).

On the other hand, for homeowners everything is the same except for the period 0 budget constraint,
which will be given by

— dom

PjoXi + Cio + To < Yio + Mo + Pjohi ,

whereh; is the house endowment of homeowners. By assumptienh; so the term representing thfect
of house prices in period 0 cancels and | obtain equafidh ( |

B Description of Mortgage Level Data

The data corresponds to McDash Analytics (formerly LPS) and Equifax Credit Risk Insight Servicing
(CRISM). The former is used to obtain information on mortgage characteristics (term, house value, property
zZip code, LTV ratio, mortgage rate, lien on the property, and mortgage type), whereas the latter is used to
identify first-time home buyers.

I consider mortgages originated in 2010-2015, focusing on first-lien mortgages with LTV no greater
than 150%, fixed rates, and terms of 10, 15, 20, 25, and 30 years. These mortgages are by far the most
commonly used and represent more than 90% of the mortgages originated in 2010-201B (Tallable
B.2 presents descriptive statistics for the nominal mortgage rate and LTV ratio for the the mortgages in my
final sample.

To identify first time home buyers | use CRISM, which matches credit bureau data with mortgage infor-
mation. Equifax uses a proprietary and confidential algorithm to match mortgage data from MdE®sh
using anonymous characteristics and payment histories. Each credit history is matched with a single bor-
rower in the LPS data, including first, second, and refinance mortgages. Information is included for the life
of the mortgage, six months preceding origination, and six months following termination.

Based on more than twenty variables LPS and Equifax records are matched and assigned a match score
from O (no match) to ® (close to perfect match). | restrict the sample to match score8ard above,
which according to Equifax corresponds to roughly 90% of mortgages. The data has a one year lag to
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Table B.1: Mortgages Originated in 2010-2015 in LPS.

Description Observation@nillions)

Mortgages originated in 2010-2015 26.8
LTV > 150% 0.7
Non-fixed rate mortgages 1.6
Terms other than 10, 15, 20, 25, and 30 0.3
Second-lien mortgages 0.02
Fixed rate mortgages 10, 15, 20, 25, and 30 years 24.2
Lost in merge with CRISM 0.07
In zip codes with elasticity information 19.5
Without interest rate information 0.2
Non-owners 1.7
Final sample 17.6

Source: McDash Analytics and Equifax Credit Risk Insight Servicing.

Table B.2: Mortgage Rate and LTV for Buyers and Owners by Mortgage Term.

Term Number of Interest Rate (percent) LTV Ré&fjercent)

(years) Mortgages Mean Min Max Mean Min  Max
Owners 14,331,587 4.13 1.00 18.00 74.3 0.0 150.0
10 541,909 3.59 1.00 18.00 46.9 0.2 150.0
15 3,035,368 3.66 1.00 13.38 63.7 0.0 150.0
20 930,503 4.18 1.50 13.55 71.2 0.6 150.0
25 144,844 4.41 2.00 12.19 79.9 0.4 150.0
30 9,678,963 4.29 1.00 18.00 79.4 0.0 150.0
Buyers 3,263,089 4.31 0.00 11.12 89.8 0.0 150.0
10 6,049 3.56 1.00 10.28 53.0 0.5 107.0
15 120,640 3.60 1.88 11.12 73.2 0.0 117.5
20 12,786 4.18 2.52 10.87 74.1 0.7 125.4
25 1,655 4.38 2.56 6.13 85.0 22.2 108.9
30 3,121,959 4.34 0.00 10.99 90.6 0.0 150.0
All 17,594,676 4.16 0.00 18.00 77.2 0.0150.00

Notes: Author’s calculations based on McDash Analytics and Equifax Credit Risk Insight Servicing.
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ensure all the information to perform the match is present and avoid false positives, so | restrict the sample
to0 2010:1-2015:4.

First time home buyers are identified using two filters. The first filter is that the mortgage purpose is
a purchase, as specified by variable ‘purpose_type’ in LPS. The second filter, using data from CRISM,
is that neither the primary nor the secondary borrower associated to the mortgage record (‘loan_id’)
has a mortgage open or a history of a previous mortgage over the six months previous to origination.
This filter considers whether any of the following mortgage accounts was previously open: largest first
mortgage (‘fm_Irg_opendt’), second largest first mortgage (‘fm_2Irg_opendt’), largest closed-end second
(‘ces_lrg_opendt’), second largest closed-end second (‘ces_2Irg_opendt’), largest home equity line of credit
(‘heloc_Irg_opendt’), and second largest home equity line of credit (‘heloc_2lrg_opendt’). These filters
identify 3.2 million first-time buyers in my sample, representing arb#rcent of all mortgages. Talie?
presents descriptive statistics for the nominal mortgage rate and LTV ratio by mortgage term for first-time
buyers and homeowners, separately. First-time buyers borrow using longer mortgage terms and use higher
LTV ratios, accordingly, on average they pay higher mortgage rates.

Mortgages from LPS are assigned to MBUECMA divisions using ZIP codes. | map ZIP codes to
counties in these divisions assuming that a ZIP code belongs to a county when the ratio of residential
addresses in that county to the total number of residential addresses in the ZIP code is at least 50%. Since
Saiz (2010) elasticities are for MFRECMA divisions using 1999 codes, | consider the county composition
for these regions in 1999.
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Tables and Figures

Table 1: Descriptive Statistics of Borrower-level Characteristics.

Description Mean Std.Dev. Min Max
Nominal mortgage rate;, (percent) 4.16 0.63 0.001 18.00
Effective mortgage rate;, — 7yi; (percent) 1.12 0.47 -2.00 11.50
Real user cost (percent) 4.9 0.5 1.8 15.3
Mortgage-rate demand semielasticify, -15.3 15 -41.1 -4.9
LTV ratio (percent) 77.2 21.3 0.0 150.0
Mortgage termT; (years) 26.1 6.6 10.0 30.0
House value (dollars) 319,351 316,837 1,307 100,000,000
First-time buyer indicator 0.185 0.389 0.000 1.000

Notes: Author’s calculations based on McDash Analytics and Equifax Credit Risk Insight Servicing.

Table 2: Price and LTV Multipliers for Buyers and Owners by Mortgage Term.

Term Price Multiplier LTVMultiplier

(years) Mean Min Max Mean Min Max
Owners -0.30 -0.77 -0.01 11.9 3.7 16.2
10 -0.63 -0.77 -0.19 5.0 3.7 5.2
15 -0.50 -0.68 -0.15 7.3 5.7 7.9
20 -0.36 -0.55 -0.08 9.6 7.0 10.4
25 -0.27 -0.43 -0.05 11.7 8.5 12.9
30 -0.21 -0.46 -0.01 14.0 7.2 16.2
Buyers 0.78 0.23 0.96 13.7 4.3 16.9
10 0.37 0.23 0.63 5.0 4.3 5.2
15 0.50 0.39 0.80 7.4 6.0 7.7
20 0.64 0.53 0.88 9.6 7.6 10.1
25 0.73 0.61 0.81 11.7 10.9 12.6
30 0.79 0.42 0.96 13.9 10.1 16.9
All -0.10 -0.77 0.96 12.2 3.7 16.9

Notes: Price and LTV multipliers corresponds to thefioents that multiply the priceffects and the mortgage rate
effect (LTV) in the expression for the incidence on first-time buyers and homeowerns in Prop8sition
Author’s calculations based on McDash Analytics and Equifax Credit Risk Insight Servicing.
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Table 3: Descriptive Statistics of Key Economic Parameters dfetEof Mortgage Subsidies by
MSA.

Description Mealt Std.De\)  Min Max
Price house supply elasticitys ,, j (Saiz, 2010) 1.49 0.90 0.60 12.15
Mortgage rate house demand semielasti¢iy,; -15.4 0.1 -16.1 -15.1
Value of the housing stock (millions) 128,105 117,780 226 405,673
Mortgage rate price semielasticiti ; -6.85 1.94 -9.60 -1.18
House price change elimination MIRp;/p; (percent) -6.93 1.97 -9.83 -1.18
Comp. price change elimination MIAP;/p; (percent) -6.33 2.04 -9.24 -0.96
Credit house price elasticityy, u,j 0.30 0.07 0.06 0.44
Average incidence (percent of house value) -10.3 0.7 -12.0 -8.6
Total dollar value of incidence to households (millions) -12,834 11,569 -39,358 -24
Average diciency loss (basis points of house value) -4.6 1.0 -7.3 -3.2
Total dollar value of &iciency loss (millions) -52.1 44.3 -162.0 -0.1

Notes:(MTotal metropolitan area house-value-weighted mean and standard deviations.
Author’s calculations based on McDash Analytics, Equifax Credit Risk Insight Servicing and Saiz (2010).

Table 4: Incidence of Mortgage Subsidies for Buyers and Owners by Mortgage Term.

Incidence of higher mortgage rates Total Incidence
Term (percent of house value) (percent of houslei®)

(years) Mean Min Max Mean Min Max
Owners -9.6 -36.2 0.0 -11.5 -36.4 -0.3
10 2.1 -10.5 0.0 -6.0 -13.1 -1.1
15 -4.3 -20.0 0.0 -7.3 -21.3 -1.1
20 -7.1 -23.9 -0.1 -9.4 -24.9 -1.7
25 -10.2 -28.9 -0.1 -11.9 -29.4 -1.0
30 -11.9 -36.2 0.0 -13.3 -36.4 -0.3
Buyers -13.3 -27.2 0.0 -8.5 -23.6 8.2
10 -2.3 -8.9 0.0 -0.1 -6.2 4.0
15 -4.8 -12.4 0.0 -1.9 9.1 6.5
20 -7.4 -16.0 -0.1 -3.5 -12.1 4.8
25 -10.9 -16.8 -2.6 -6.6 -13.9 3.6
30 -13.7 -27.2 0.0 -8.8 -23.6 8.2
All -10.2 -36.2 0.0 -10.9 -36.4 8.2

Notes: Total incidence considers both house priteces and lower mortgage rates. See Proposéimn details.
Author’s calculations based on McDash Analytics, Equifax Credit Risk Insight Servicing and Saiz (2010).
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Table 5: Compensated Mortgage Demand Distortions of Mortgage Subsidies for Buyers and Own-
ers by Mortgage Term.

House price ffect Mortgage ratefeect Total éfect

Term (percent of house value) (percent house value) (percent halusg v
(years) Mean Min Max Mean Min Max Mean Min  Max
Owners 5.8 1.0 9.9 -15.7 -22.5 -7.3 -9.8 -19.0 1.9
10 5.6 1.0 9.8 -14.8 -22.3 -7.3 -9.2 -18.8 -1.8
15 5.6 1.0 9.9 -14.9 -21.2 -7.3 9.4 -19.0 -1.3
20 57 1.0 9.7 -15.8 -21.4 -95 -10.1 -18.3 -3.5
25 5.7 1.0 9.8 -16.0 -21.0 -11.3 -10.3 -18.4 -4.3
30 5.9 1.0 9.9 -15.9 -22.5 -7.3 -10.0 -189 1.9
Buyers 5.6 1.0 9.7 -15.9 -20.6 0.0 -10.3 -17.1 3.4
10 54 1.0 9.5 -14.7 -20.3 -7.3 -9.3 -16.5 -2.4
15 53 1.0 9.7 -14.8 -20.5 -10.9 -9.5 -17.0 2.1
20 5.4 1.0 9.4 -15.7 -20.5 -12.7 -10.3 -16.2 -4.5
25 5.3 1.0 9.4 -16.0 -17.9 -12.8 -10.7 -15.5 -5.4
30 5.6 1.0 9.7 -16.0 -20.6 0.0 -104 -17.1 34
All 5.8 1.0 9.9 -15.7 -22.5 0.0 -9.9 -19.0 34

Notes: See equatiorld) for details. Author’s calculations based on McDash Analytics, Equifax Credit Risk
Insight Servicing and Saiz (2010).

Table 6: Hficiency Loss from Mortgage Subsidies for Buyers and Owners by Mortgage Term.

Term Basis points of house value Dollalue

(years) Mean Min Max Mean Min Max
Owners -5.0 -32.6 0.2 -146 -75,790 13
10 -4.1 -32.6 -0.2 -116 -3,404 0
15 -4.2 -24.1 -0.2 -123 -39,175 -1
20 5.1 -25.0 -1.1 -132 -7,800 -6
25 -55 -22.6 -1.1 -139 -36,727 -7
30 -5.2 -30.9 0.2 -157 -75,790 13
Buyers -5.4 -20.3 0.2 -103 -78,053 12
10 -4.1 -18.5 -0.4 -86 -1,245 -1
15 -4.2 -20.3 -0.5 -97 -41,317 -4
20 -5.3 -19.1 -1.7 -116 -13,597 -5
25 -5.7 -10.7 -1.9 -94 -740 -10
30 -55 -20.3 0.2 -103 -78,053 12
All 5.1 -32.6 0.2 -148 -82,599 10

Notes: See equation ?) for details.
Author’s calculations based on McDash Analytics, Equifax Credit Risk Insight Servicing and Saiz (2010).
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Figure 1. Incidence of Subsidy in Mortgage and Housing Markets.
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Figure 2: Hficiency Cost of Mortgage Subsidies in Mortgage and Housing Markets.
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Figure 3: House Pricefiect of Eliminating MID by Metropolitan Area.
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Notes: Estimates corresponds to the estimated values using equaiio fle approximation corresponds to
—154/(espj + 1), wherees p j is the house price supply elasticity.
Author’s calculations based on McDash Analytics and Saiz (2010).

Figure 4: Average Incidence from the Elimination of MID and Price House-Supply Elasticity.
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Notes: Incidence estimates measured as percent of house vajie;/Ap; — émi LT Vi, equation {1).
Author’s calculations based on McDash Analytics, Equifax Credit Risk Insight Servicing, and Saiz (2010).
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Figure 5: Average Incidence for First-Time Buyers of Eliminating MID by MSA

Notes: Welfare is measured in percent of house value.
Author’s calculations based on McDash Analytics, Equifax Credit Risk Insight Servicing, and Saiz (2010).

Figure 6: Average Incidence for First-Time Buyers of Eliminating MID by State
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Notes: Welfare is measured in percent of house value.
Author’s calculations based on McDash Analytics, Equifax Credit Risk Insight Servicing, and Saiz (2010).
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