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Abstract

Mortgage subsidiesfiect homeownership costs by reducinjeetive mortgage

rates and increasing house prices. | show analytically the role of mortgage subsidies
in determining house price changes, economic incidence,féingkRcy costs using

a theoretical framework for applied welfare analysis. | derive simple expressions
for these fects, as functions of reduced-formficient statistics, which | use to
measure thefBects from eliminating mortgage deductions. My main results charac-
terize the distributional impact of mortgage subsidies among buyers and owners and
how house price responses attenudlieiency losses. My results provide broader
methodological insights into the welfare analysis of crediicies.
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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 capital expenditures financed with this debt. For example, mortgage subsidies are
used to subsidize housing, reduced rates on student loans are used to subsidize higher education,
and tax breaks on corporate debt are used to subsidize corporate investment. To evaluate the
effect of these policies, it is necessary to consider fifiecethey will have both on the cost of

debt and on the price of debt-financed capital. Usingfacsent statistics approach for welfare
evaluation requires one to identify the necessary economic parameters for welfare evaluation. But
the identification of the interest rate demand elasticity for capital in these settings is complicated
by the interplay between debt and capital markets. In other words, any change in interest rates is
expected to influence the demand for capital and thus its price, complicating the identification of
onlya change in interest rates on the demand for capital. This paper evaluates the \ieltaet e
mortgage subsidies accounting for these considerations.

Mortgage subsidies are provided in many countries and are economically large. For example,
American mortgage borrowers can deduct mortgage interest payments and these deductions were
the second largest federal tax expenditure in 2012, reaching $100 billiiog ©f Management
and Budget 2012).

In the first half of the paper, | investigate theoretically tiieet of mortgage subsidies when
these subsidies carffact both the mortgage interest rate and house prices. | characterize the
welfare dfects by simple formulas as functions of reduced-forfiicient statistics that can be
empirically identified. In the second half of the paper, | use the simple formulas to estimate for
269 U.S. metropolitan areas thext of eliminating mortgage interest deductions on house prices,
households’ welfare, andteciency gains.

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 dédmportantly, financial markets are imperfect so households
face diferent borrowing and saving rates. This framework is simple enough to allow for an intuitive
analysis of welfare as in the textbook public-finance model, but it is also rich enough to incorporate
the relationship between mortgage and housing markets. | derive weffaotse as functions of
reduced-form sfiicient statistics, considering thé&ect of these subsidies on both mortgage rates
and house prices. This characterization of welfdfeats yields interesting results.

1In addition, American borrowers receive mortgage rate subsidies through the intermediation of mortgage credit by
government-sponsored enterprises, like Fannie Mae and Freddie Mac, which guarantee mortgages sold in secondary
markets. It has been estimated that this guarantee redffeeve mortgage rates by about 25 basis points (CBO
(2001), Ambrose et al. (2004), Sherlund (2008), and DeFusco and Paciorek (2014)).

2For a textbook version of this model, see Mas Colell, Whinston, and Green (2005). Ho#ikd Summers
(1987) and Auerbach (1985) survey the incidence dhdiency costs results in this literature, respecteively.
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A first result regards the characterization of the economic incidence of mortgage subsidies. |
show that in the presence of financial frictions, where borrowers’ financing decisions are uniquely
pinned down and can be summarized by the loan-to-value (LTV), the LTV is an additional key
statistic to describe the incidence of mortgage subsidies on households, in addition to the demand
and supply elasticities as in the canonical case. Intuitively, the LTV reflects that the benefit from
lower mortgage interest payments only accrues to the fraction of housing expenditure financed
with mortgage debt.

A surprising result | obtain is that mortgage subsidies can hurt homebuyers. This is surprising
as it challenges the intuition from the classic analyses 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 createfaatting é€fect by increasing the demand
and price of housing. However, as buyers increase their LTV in response to these subsidies, they
amplify the house price increase, which can make the increase in housing expenditure strictly larger
than the savings from lower mortgage interest payments. The condition that determines the sign of
the welfare &ect on buyers is obtained from thefBcient statistics formula that | derive. On the
one hand, the benefit of mortgage subsidies is accrued in the fraction of the house financed with
mortgage debt, i.e., the LTV. On the other hand, the negaffeeteof the increase in house prices
accrues to the total house expenditure. This advdfeetas proportional to the semielasticity of
house prices to mortgage rates, which is more elastic when the supply of housing is more inelastic
or when the demand for housing is more elaétithus, mortgage subsidies hurt borrowers when
their initial LTV is low, resulting in small benefits from lower mortgage payments, or when the
supply (demand) of housing is inelastic (elastic), resulting in large increases in house prices that
hurt borrowers.

Another result refers to the measurement of tliiency costs generated by mortgage subsi-
dies. Interestingly, only the distortions introduced in the mortgage market generfiicgeneies,
but the size of the distortion does depend on the response of house prices. As in the classic case,
the subsidy creates a deadweight loss in the mortgage market, as it distorts an optimal allocation
so the welfare cost of collecting the required tax revenue to finance the subsidy is larger than its
benefit perceived by households. In contrast, in the housing market the subsidy generates only a
wealth redistribution through the house price, without contributing to additidfieiescy losses.

As house demand and house prices increase, the loss to buyésetsone-for-one with the gain
to sellers (homeowners and house producers). Moreover, the magnitude fifdiemey loss de-
pends on the elasticity of house prices to mortgage rates, as house prices determine the demand for
mortgage debt both through thffext on the demand for housing and tHiet on housing expen-
diture: higher house prices reduce housing demand but increase housing expenditure. Considering

3Throughout this paper | use the convention that more elastic refers to a larger elasticity in absolute value.
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the compensated response of mortgage demand, | show théfigtieod house prices attenuates the
efficiency loss from mortgage subsidies, as higher house prices reduce the (compensated) mortgage
demand and thus the distortion generated by the subsidy.

In addition, the model allows me, under very general assumptions, to establish theoretically
that the mortgage rate semielasticity of house demand equals the ratio between the price demand
elasticity and the individual user cost of homeownership (Lern@his relationship enables me
to overcome the inherent aforementioned challenge for the empirical identification of the mortgage
rate demand elasticity. Using this relationship together with existing estimates for the price demand
elasticity of housing and the user cost, | estimate an average mortgage rate semielastiti® of
(Section3).

In the second part of the paper, | use the welfare formulas to provide new estimates of the
effect of eliminating MID in the U.S. | consider LTV ratios and mortgage rates from a sample
of 17.5 million mortgage originated in 2010-2015 together with my estimates for the mortgage
rate house demand semielasticity and available estimates for the other key parameteres. | assume
that housing markets are geographically segmented and apply the welfare formulas derived in this
paper to produce estimates for 269 metropolitan areas offibet ®f eliminating MID on house
prices, households welfare, anfi@ency gains.

First, | estimate theféect of eliminating MID on house prices for the 269 metropolitan areas
considered. Using the fiicient statistics formulas, | estimate a (house-value-weighted) average
mortgage-rate semielasticity of house prices-60, ranging from-9.6 in Miami, Florida, where
house supply is the most inelastic,+4.2 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 estimaté¢kepa higher level of regional granularity.
These estimates imply a (house-value-weighted) average decline of house pric8% dfdn
eliminating MID.

Second, | provide estimates for the incidence, or distributional impact, on households’ welfare
of eliminating MID in different metropolitan areas, depending on households’ LTV ratios and the
estimated house price decline. As highlighted by the theory, the elimination of MID hfiea di
ent dfect on first-time homebuyers and homeowners. Both sets of households are hurt from the
elimination of MID, which increases theiffective mortgage interest rate. However, homebuyers
benefit from the drop in house prices, whereas homeowners are additionally hurt by it. | estimate
that on average homeowners welfare drops h$%lof the value of the house, whereas homebuy-
ers welfare drops only by.B% of the value of the house. For an average house value of(KE20
these fects correspond to a present value loss of &3® for homeowners and a loss of $200
for homebuyers. In other words, current MID are more helpful for existing homeowners relative
to first-time buyers. Given the flierential response of house prices antedences in households’



characteristics the average incidence is also estimated to vary across regions. | estimate that on av-
erage homebuyers’ welfare decline by@% of the house value in Alexandria, Louisiana, whereas
homebuyers in San Francisco, where house prices are estimates to drop more, are estimated to lose
only 3.8% of the value of the house (representing losses of3@0and $1260 for a $32M00

house, respectively).

Finally, | estimate the ficiency gains from the elimination of MID. As the theoretical frame-
work highlights, these gains are attenuated by tiieceé of mortgage rates on house prices. |
estimate that for my sample of B/million households féciency 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 tdfadiency gains would increase to a modest
$7.3 billion.* My estimates imply that without the attenuatin@ieet of house prices these losses
would be 60% higher.

The paper makes three main contributions. First, my paper contributes to the public economics
literature that utilizes the siucient statistics approach to analyse imperfect financial markets. 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 welfardfects (Chetty, 2009). Using this approach Matvos (2013) studies how
covenants create benefits for corporate borrowers by completing debt contracts. Davila (2015)
analyzes optimal bankruptcy exceptions for unsecured debt. Other applications of this approach
include the analysis of monetary policy (Alvarez, Le Bihan, and Lippi, 2016; Auclert, 2016), wel-
fare dfects of trade liberalization (Arkolakis, Costinot, and Rodriguez-Clare, 2012), and welfare
analysis with behaviorally biased consumers (Chetty, Looney, and Kroft, 2009; Allcot and Taubin-
sky, 2015). Although | focus on the case of mortgages and housing, the techniques and insights
developed here are suitable to analyze debt subsidies in other contexts where debt is used to finance
capital expenditures, like corporate investment in fixed assets or college students’ investmentin hu-
man capital. My results open new avenues for applied welfare analysis in these settings.

There is a long tradition in public economics analyzing housing policy, and mortgage policy
in particular (Laidler, 1969; Aaron, 1972; Rosen, 1979; Poterba, 1992; and Poterba and Sinai
2008). This literature considers how mortgage subsidies and other poli@estae house rental
rate and evaluate the welfarfext of these policies using a rich description of the U.S. tax code.
Relative to this literature | focus on the tax provisions th&ct the cost of mortgage debt, | relax
the assumption that house prices are fixed, and | consider individual heterogeneity in mortgage
contract characteristics. My analysis shows that not consideringfieetting éfect of house
prices for the distortions introduced by mortgage subsidies will overstateffibecy cost of

4Housing units information from U.S. Census Bureau; 2010-2014 American Community Survey 5-Year Estimates,
Table B25096; generated using American FactFindetp: //factfinder2. census.gov; (22 September 2016).
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these subsidies by almost 60%. That is, theciency costs of MID are about 40% smaller than
previously estimated.

A strand of the literature has looked at théeet of MID on homeownership, or the extensive
margin of housing demand. For example, Bourassa and Yin (2008) conclude that MID reduce
homeownership rates of young households due toffileeteon house prices. In addition, Glaeser
and Shapiro (2003), analyzing time and cross-state variation in MID, find thaffée ef MID in
homeownership is small. Similarly, Hilber and Turner (2014) present evidence based on within-
and across-state variation in MID over time that shows this subsidy f&egtie 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 them. These studies share
with my analysis the emphasis on the capitalization into house prices of mortgage subsidies, but
unlike these studies | focus on the intensive margin of housing demand.

Second, my paper contributes to the literature that studiestéw ef mortgage credit on house
prices. Using my sfiicient 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 simpldfisient statistics formulas can also be used to
estimate the féect of the quantity of credit on house prices: the elasticity of house prices to the
volume of mortgage loans. | obtain an average estimate3ohdine 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 el@8ge to
as in Himmelberg, Mayer, and Sinai (2005) and as prescribed by the static asset market approach
to house valuation (Poterba, 1984).

Finally, my paper relates to other studies of mortgage policies andffibet ©f MID using a
structural approach. Hurst et al. (2015) document that interest rates of mortgages intermediated
by government-sponsored enterprises exhibit no regional variation despite credit risk being hetero-
geneous across regions. The authors use a structural spacial model to quantify the redistributional
impact of this pricing of mortgage credit across regions. Other studies have used quantitative



macroeconomic models to evaluates tifiea of MID, other mortgage subsidies, and tax provi-
sions that ffect housing demand (see, among others, Gervais, 2002; Jeske, Krueger, and Mitman,
2013; Sommer and Sullivan, 2016). These studies find that MID, or other mortgage subsidies,
reduce welfare and increase house prices in models in which these prices are endogenous.

The rest of the paper is organized as follows. Secfigresents the theoretical framework
and the theoretical results. SectiBrdescribes the data used to quantify the welfafeat of
eliminating MID. Sectiont presents my estimates of thigext of eliminating MID across ¢lierent
metropolitan areas on house prices, households’ welfare,féin@ecy gains. Sectioh provides
some concluding remarks. And the Appendices contain additional material.

2 Theoretical Framework

In this section | present a simple model for applied welfare analysis to analyzé&¢ea mort-

gage subsidies. Importantly, the cost of mortgage débtes households’ housing demand and
financing decisions—the LTV on their house purchases. Moreover, house defieantsl the price

of housing, which in turn influences housing and mortgage demand. | show analytically the role of
mortgage subsidies in determining house price changes, economic incidencficienkcy costs.

| derive simple formulas for thesdtects, as functions of reduced-formfiscient statistics, which
generalize the classic formulas for incidence affictiency costs to this case.

2.1 Setup

| consider an economy with two periods,= 0,1. The economy is populated by households
(homebuyers and homeowners), house producers, lenders, and a government. There are two goods,
durable housing and perishable consumption, which is the numeraire. In addition, household can
borrow from lenders using mortgages, which 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 X,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 O at gricdomebuyers can finance their house
purchases with their income or mortgage debt, denotexh.bf£ach unit of mortgage borrowing



requires the homebuyer to pay a unit of the numeraire in period 1 in exchangeaufits of the
numeraire in period 0. A mortgage subsidgdds to the amount received by borrowers in period
0 so after the subsidy borrowers receiye 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 apprectadind the depreciation of the
housing stoclg, thus the house price in period 1 equalsH(x — §)p. Under these assumptions
the budget constraint in period 0 and 1 are given, respectivelyyoy T < y + (q + t)m and
¢ < (1+ - 8)px—m. Finally, | assume that neither consumption nor mortgages can be 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 theffect of mortgage subsidies, | focus on buyers at an interior solution where
optimality imply that

L=l +o-xp. (1)

wherer(t) = 1/(q +t) — 1 corresponds to thefective mortgage interest rate after the subsidy. The
term in square brackets in equatidr) €orresponds to the user cost of homeownership, which is
increasing in theffective mortgage rate and depreciation, and decreasing in expected capital gains
(cf. Poterba, 1984, or Himmelberg et al., 2005). Note that the mortgage subsidy fully distort the
cost of funds in the user cost expression, i.e., thecive marginal user cost is the same regardless

of what fraction of the house is financed with mortgage debt—the LTV—and what fraction is
financed with a downpayment. This result holds under much general conditions than the model’s
assumptions and will have important implications for tikeet of mortgage subsidies on house
prices as | discuss below.

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) funds in period 0 and are promised 1 unit in period 1. Lenders operate a constant
return to scale technology, which reflects origination and servicing pgsts loan. Thus, lenders

SUsing the mortgage pricg, instead of the mortgage interest rate, simplifies the analysiioieay 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 paymestro£1l/q in period 1.

5Non-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 borrowers. For this reason | also
abstract away from other saving alternatives home buyers may have.
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maximization problem corresponds to n@x rs — p)l. Lenders optimal behavior will pin down
the lending mortgage rate= r; + p. That is, mortgage supply istectively 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.
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 house producers. Homeowners have a fixed endow-
ment of househ and have linear preferences for the proceeds of house galdspmeowners de-
rive utility of house sales, so they will always sell all their house endowrhenaddition, houses
are produced by price taking firms, who produd¢®using units at a cog{z) that is increasing and
guasi-convex. Firms optimal behavior impgby= «’(z), which implicitly define producers’ supply.
Therefore, total house supply is denoteddy h + z
Government. The government collects lump-sum taxes from consumers in peribd®@prder to
finance mortgage subsidies. Given a government pgticy}, the government needs to balance its
budget in period 0, i.etm = T. It is assumed 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).

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 polityl}, 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 sectorFirst, the model abstract from uncertainty about income
shocks and future 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 sédtamsider that the user cost
comprises a term that captures a risk premium for housing investment.

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

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

8When | 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 model.
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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. On the other hand, mortgage (and other securitized
borrowing) rates are lower than rates on unsecured forms of credit, as collateral enhances lenders’
recovery rates.

Finally, | abstract away from homebuyers’ income in period 1. Future incdfeeta the de-
mand for housing, as itfBects homebuyers’ lifetime income, but it does not change the optimality
condition for an interior equilibrium (equatiof)). 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 re-
guirements, or equivalently, maximum LTV limits. The case with LTV limits is discussed below.

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 competitive equilibrium, when these subsidies house prices? To
answer this question, in this section | derive formulas for the incidence of mortgage subsidies on
these agents that parallel the derivations of Koffilkkmd Summers (1987).

Let D be the aggregate demand for houses, which from equatjodefpends on the house
price, p, and after-subsidy mortgage ratgt). In addition, the uncompensated individual and
aggregate demand functions will depend on households’ incgm@en the other hand, the total
supply of housesS, 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().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. Lefp, = (0D/dp) p/D andesp = (dS/dp) p/S denote
the price elasticity of housing demand and supply, respectivelyplet (dD/dr)/D denote the
mortgage-rate semielasticity of house demand, ang,let (9p/dr)/p denote the mortgage-rate
semielasticity of house prices. In addition, for a given mortgage subsidist p(t) denote the
house price that obtains in equilibrium. The following result follows.

Proposition 1 (Incidence of Mortgage Subsidies)rhe incidence of increasing the mortgage sub-
sidy, t, equals zero for lenders(1 + r(t))?z ., for house producers;(1 + r(t))*hpep, for home-
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owners, and
UePX(L + r() (Zpe[r(t) + 6 — 7] + LTV) 3)

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

Lor = _or <0. (4)
8s,p — 8D,p

The formal proof is relegated to the appendix. Intuitively, the first ordleceof the subsidy
is brought about by price changes, which can are brought about by the adjustment in the demand
for mortgage debt and housing depicted in FiglireWith a totally elastic supply of mortgage
debt the interest rate charged by lendergemains fixed; thus, buyers see their borrowing cost
drop fromr tor — t, as depicted by the arrow in panel (a). This is the most favorable outcome in
the mortgage market for buydoerrowers. The mortgage subsidy, then, lowers the user cost for
housing services (equatioh)f increasing 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 fective 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 efects normalized by the house value and the marginal value of income (the term in front
of the bracketsj. 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 equé&)iamd it
is proportional to the LTV on the house purchase, as the benefit from lower mortgage rates only
accrued 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. Thieet is captured by the first term inside the
brackets in equatior8}, £, [r(t) + 6 —n] < 0.

As the subsidy increase house prices, house producers and homeowners benefit proportionally
to the value of the houses they sell, depending on the response of house prices given by the house
price semielasticity to mortgage raigs.

9The term (1+ r(t))?> appears due to the assumption that mortgage subsidies increase the loaned amount, but it
disappears if the subsidy is applied directly to the mortgage rate.
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Note that the incidence on lenders is zero because | assumed that lenders operate a constant-
return-to-scale technology and have constant opportunity cost of funds. Allowing banks’ oper-
ational 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 néed &ohigher
compensations to their lenders, e.g., depositors. Allowing these general equililfiéats ghen, is
expected to attenuate the incidence on households and have a non-negative incidence off lenders.

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) incontéeet for borrowers (savers). The totdfext on intertem-
poral consumption and borrowirgavings decisions depends on both of thefeces. The result
in Propositionl can also be described in terms of substitution and incofiieets. A reduction
in the mortgage rate, which is the relevant intertemporal price of consumption for households, re-
duces the user costs of house purchases and increases the cost of future consumption. Households
borrow more in order to substitute future consumption for additional housing. But the additional
house demand pushes house prices up, generating a negative irfbechéoe household, which
is proportional to the entire house purchase. Lower mortgage rates, on the other hand, generate
a positive income féect for borrowers proportional to the LTV of the house purchase. These two
income dfects 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 purchased with a positive LTV, the remainder fraction TV, is financed with a down payment.

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 down payment depends
on the opportunity cost of funds used for the downpayment that | assume to be independent of
the subsidy! A mortgage subsidyfects the house rental rate through both ftee on house

prices and the user cost. On the one hand, ffeceof house prices on the rental rate is given by
Lprlr(t) + 6 — x], the first term in equation3j. On the other hand, the reduction of thigeetive

°The incidence on lenders will remain zero if the constant-return-to-scale technology assumption is maintained,
but it will be become positive if the technology is assumed to have diminishing returns to scale.

1The 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.

12



mortgage rate reduces the user cost one-for-one for the marginal units financed with mortgage debt
and does notféect 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, which corresponds to the fraction of house
expenditure financed with mortgage debt, the second term in equa}ion (

Equation §) is interesting on its own as it provides a reduced form expression, in terms of key
economic parameters, for thé&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
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
8D’p

T +o-n ®)

The proof consists of a simple application of the chain rule. In factRlet [r(t) + 6 — 7]p
denote the house rental rate. Thign = 1/x(9x/0p) (0p/dR) (OR/ar) = epp/[r(t) + § — n] QED.

Lemmal establish 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 per-
centage point reduction in mortgage rates has a grefliget en the housing rental rate. 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, Lemma allows me to overcome the inherent challenge for
the empirical identificiation of the mortgage rate demand elasticity, as mortgage fiatestize
demand and the price for housing.

Substituting equatiorb] in equation §) | get

éVD,r

_ldp__ 1 £D,p
~ pdr r(t) +6—mesp—&pp

Cpr (6)

The ratio of price elasticities in the right-hand side of equati®ncprresponds to thefiect of

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

r(t) + 6 — = < 1 soits 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

2The result follows from implicit dierentiation of equatior®], considering no pre-existing house price subsidies.

13



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,
gsp = 0, then-1 < £, [r(t) + 6 — ] < 0 and mortgage subsidies hurt borrowers if LT¥
—Lpr[r(t) + 6 — .

The corollary is a direct consequence of Proposifiobemmal, and the fact thats ,, —ep , >
0 imply that—1 < &p 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 original LTV ratio is low enough, or the supply (demand) is very inelastic (elastic).
The resultis 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 défective 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 (equatior8)). In fact, the benefit from lowerfeective mortgage rates only accrues to the
fraction financed with mortgage debt, whereas the negafiieetdrom higher house prices accrues
to the entire house.

House price responses described in equatrae also amplified by the adjustment in LTV
incentivized 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 mortgage
borrowing equals (& = — §)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, = €p ,LTV/[r(t) + 6 — n1]. Given
that LTV < 1 this attenuates the response of house prices to interest rates (in absolute value).
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 of subsidies on commodities. In this case, the marginal and
average ffects of 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.
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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
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.

In sectiord.21 use a generalization of equatid®) (o estimate the mortgage-rate semielasticity
of house prices},, , for 269 metropolitan areas.

2.3 Hficiency Costs from Mortgage Subsidies

What is the éiciency loss from the distortions introduced by mortgage subsidies, when these sub-
sidies @ect economic behavior in both mortgage and housing markets? 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

3For 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).
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| discuss below. This assumption also allows to aggregate the weffactseacross households,
fixing the marginal utility of incomé?

Let v denote the indirect utility function ane(p, r,Vv) denote the expenditure function given
a house pricep, a mortgage rate, and an indirect utilityv.*®> | follow Davidoff, Brown, and
Diamond (2005) and specify the expenditure minimization problem as the problem to minimize
period O expenditure to achieve the level of indirect utilitgnd imposing the budget constraint
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(®). r(t). v) - 7(t) — &(p(0). rm(0). V) + 7(0) — (p(t) — P(0))h + G(p(t). r(H).L.y) .

whereG(p, 1, t,y) denote the government expenditure on mortgage subsidies, eqogito, y) .16
A second order Taylor approximation BB(t) yields the following result.

Proposition 2 (Efficiency Cost from Mortgage Subsidies)The gficiency loss from mortgage
subsidies equals
1
EB(t) = EtAm @)

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 interesffeaiszl dy lenders remains
fixed atr = r¢ + p, the dfective mortgage rate faced by borrowers becomets Thus, the demand
for mortgage debt increases until théfeience between the original mortgage demit{@) and
mortgage supply equatsas depicted in Figur. 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.

On the other hand, in the housing market the increase in demand for housing raises prices from
p(0) to p(t). This price increase creates a loss for homebuyers equal to thalazdavhich is
exactly the gain for sellers, i.e., home producers and homeowners (Eguidat is, the &ect

n 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.

5This notation allows to consider both 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.

®Note 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.
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of the mortgage subsidy on the housing market is a zero-sum redistribution between buyers and
sellers that creates no additional deadweight 16ss.

The deadweight loss depends on the sensitivity of mortgage borrowing to the sukisidy,
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 | emphaize
in this paper asféective mortgage rates fall house prices incrediecang mortgage demand in
two ways. Higher house prices increase housing expenditure, which at the margin is financed
with mortgage debt. Moreover, higher house prices reduce housing and mortgage demand. So the
interplay of mortgage and housing markets attenuates the reaction of the demand for housing to
mortgage subsidies. All in all, the first ordefect of lower €fectivemortgage rates is to increase
the demand for housing bypX(ep plpr + {oy) > 0.2 That is, the demand for housing increases
as the &ect of lower mortgage rates dominates the counterbalanéiegt®f higher house prices.
In addition, housing expenditure increases{px,, > 0. Thus,

Am =~ —pX(&p,pdpr + {or + Lpr) At (8)

Therefore, thefciency loss is larger when house demand is more elastic to mortgage rates, i.e., as
(o is larger in absolute value. In contrast, th&aency 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 smalleffset from the reduction of house demand as house prices increase. The
effect of the mortgage rate semielasticity of house prices depends on the price elasticity of house
demand. When the demand for housing is more (less) than unit elastidtitheney loss is larger
(smaller) when the semielasticity of house prices to mortgage rates is more inelastic.

The diterence betweerr) and excess burden calculations that assume that the price of housing
is fixed, as in Poterba (1992) and Poterba and Sinai (2008) among others, arises from the terms
involving the semielasticity of house prices with respect to mortgage {gtesn fact, if these
terms are canceled | recover the exdcess burden formula used in these calcuBiens/2t AX,
where using my notationx ~ —pxpAt.

To derive Propositior2 | assumed that the demand for houses does not display indbautse
This assumption is sometimes justified on the grounds that the market being studied is small, mak-
ing income &ects negligible (Vives, 1987). In contrast, for most households housing is an impor-
tant expenditure category and housing constitute an important fraction of financial wealth, making
income dfects relevant. As we know from the classic results in public finance, incfiea®can
be considered in the analysis by considering the compensated demand functions for housing and

"Note that the change in buyers’ welfare is the area under the supply fulgtasopposed to the area under the
demand function.

18 fact, from equationd) it follows that—pX(ep. plps + o) = —PXbrésp(Esp — ep.p) ~ > 0.
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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 Proposiiassuming that compensation
takes the form of period O income. In this cagen, the uncompensated response of mortgage
borrowing, needs to be replaced byn, the compensated response of mortgage borrowing.

To calculate the response of the compensated demand for mortgage defat,, &6, Em.p.
andZy, denote the uncompensated and compensated house price and mortgage rate elasticities of
mortgage demand following the notational conventions used previously. Then, the compensated
response of mortgage demand can be approximatextiby —m(&u plpr + i) At. WhereZ,,
corresponds to the mortgage rate semielasticity of house prices, when homebuyers are being com-
pensated by the incomefect of price changes, i.&p, = {p,/(sp — &pp) - The formula for the
response of the compensated demand for mortgage debt can be expressed in terms of the demand
elasticities forhousingusing the Slutzky equations for mortgage demand and the relationship im-
posed on the demand elasticities by the petied) budget constraint for homebuyéfs.

Finally, suppose there is a preexisting subgidgnd the subsidy is changedtio Let Amy =
m(t;) — m(ty) and use the same notation for other variables, for instaxtge; t; — to. Then, it can
be shown that thefgciency loss is given by the Harberger trapezoid formula

1
EB(t) =t Amy + EAtlAml .

3 Data

In this section | describe the data used to measurefibetef eliminating MID. This description
precedes the generalization of the results of sectioas the data availability will inform the
modeling choices to generalize these results.
Mortgage level information. | use mortgage level information from McDash Analytics (formerly
LPS). From this data source | consider individual mortgages originated between 2010 and 2015,
which corresponds to the largest sample leaving out the financial crisis of 2007-2009. Granted,
this is a special period following a large financial cri§ifut it seems the most adequate period to
characterize thefiect of the elimination of MID if it where implemented today.

From the McDash data | consider fixed mortgages—i.e., fixed monthly payment and fixed
term—which have a first-lien on the property. | focus my analysis on the most common loan
terms: 10, 15, 20, 25, and 30 years. These mortgages are the most common comprising about 90%

19 fact, from the Slutzky equtionsu’y = em.p+ PXY temy andéu, = dur + pXy LLTV(L+1(1) temy , Wheresyy
denotes the income elasticity of (uncompensated) mortgage demand. In addifienendiating the period 0 budget
constraintemp = LTV + LTV tepp, dmr = (L +1(t)) LTV 2o, + (1 +1(t))2 andemy = —(L + r(t))ynr?.

20The S&RCase-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.
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of the mortgages originated in 2010-2015 (see Appei)ix' The McDash data also provides

the mortgage rate and the LTV ratio at origination. The former varying due to borrower specific
characteristics like credit score and income, among others, even when the mortgage term and LTV
ratio are held constant. Finally, the information contains the ZIP code of the property, which | use
to map the observations to the corresponding metropolitan area.

Additionally, | construct an indicator for first-time homebuyers using data from Equifax Credit
Risk Insight Servicing (CRISM). This data source 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 defi-
nition | identify 185% of mortgages that correspond to first-time buyers (Tapld he details of
these data sources and calculations are provided in Appéndix

Table 1 provides descriptive statistics for mortgage rates and LTV ratios for all borrowers in
my sample. The average mortgage rate and LTV ratio in the samplezaend 77 percent, re-
spectively. Table presents similar statistics separately for first-time buyers and home owners by
the term of the mortgage. As expected, mortgage rates and LTV ratios are higher for first-time
buyers, with average mortgage rates and LTV ratios.8fahd 90 percent, respectively. Also
as expected, the mortgage rate and the LTV increase with the term of the mortgage. The latter
probably reflecting the presence of income-to-debt-service limits imposed by lenders.

To handle the heterogeneity in mortgage rates and LTV ratios available in the McDash data it
will be useful to introduce the following notation. Lie¢ | index the set of mortgage borrowers and
consider that each borrowers offered a diferent after-subsidy mortgage raté;) and borrows
using an initial LTV ratioLT V;.??

Elasticities. | draw from available studies and use Lemini@ 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 witls , j the price elasticity of house supply in metropolitan ayed@he estimated
values range from as low as6(o as high as 12, and have a population-weighted average.8f 1

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

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

To calibrate the mortgage rate semielasticity of demdagng, | use the relationship of this
elasticity and the price elasticity of demand and the user cost established in Lendrha price
elasticity of demand was set . and to estimate borrowers’ user cost | proceed as follows. The

21Second-lien mortgages have not been common after the financial crisis.
22In 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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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 cosj, 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))t,+ 0 -7+ ¢. The
values for these parameters are set following Himmelberg et al. (2005)25% 11 = 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+o6—-m,andIsett —nr = (1 -7y)1p+ 6 — 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%.

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 semielasticity and the
price of house demand elasticity is given by

ri—Tyii+5—7T '

éVD,r,i = (9)

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, which in the model corresponds to the rental
rate of housing over income, and kg$, denote the income elasticity of house demand. Following
Poterba (1992) and Davis and Ortalo-Magne (2011) ¥se.25, and following Poterba (1992) |
setepy = 0.75.

4 Estimates of the Hfects of Eliminating MID

In this section, | present my estimates of théeets of eliminating mortgage interest deduc-
tions (MID) for 269 American metropolitan areas. | begin in sectibh with a description
of how | measure the welfareffects (incidence andfléciency loss) of MID. As illustrated by
the results in sectior?, the welfare &ects will depend on thefkect of the MID on house
prices, so first | present estimates of théeet of eliminating MID on house prices for these
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regions (sectiord.2). Finally, | present the estimates of the incidence afittiency losses
for these regions (sectiof.3). The estimates for the 269 metropolitan areas are available at
http//www.federalreserve.ggeconresdaffeds2016filesfeds2016081data.csv

4.1 Measurement of Welfare Hects

The characterization of the incidence and tifieceency 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 measufieths ef
eliminating MID incorporating the relevant features of the data described in séction

Under the assumption that the marginal tax ratg isnd that the household itemize, theéee-
tive MID can be expressed agi;. Arguably this is a strong simplifying assumption as marginal
tax rates vary substantially by household depending on their income. Nonetheless, given that the
McDash and CRISM data do not contain income or other relevant tax-related information, | as-
sume that the marginal tax ratg = 25% for all households and that all households itemize their
deductions.

These assumptions wiltiect the estimated welfaréfects. For the distributionatiect of elim-
inating MID, | will attribute the negativeféect of higher &ective mortgage rates for all households
although non-itemizing buyers (homeowners) will only benefitféay from lower house prices.
For the dficiency loss, | will overestimate the aggregafieet as for some households the elinina-
tion of MID will have no dfect on éfective mortgage rates. This bias goes against my result that
the aggregateficiency gains from eliminating MID are small given thset 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, note
that the actual subsidy from MID will still vary across households reflecting ffierdnces in nom-
inal mortgage rates. To handle this variation analytically | introduce the following notation. Let
¢ € [0, 1] denote the fraction of mortgage interests that can be deductg@yye r; — ¢7yi; denote
the dfective real mortgage rate when a fractiprof 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, | denotefwy = r;(0) — r;(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, afitteency cost.
House price dfects. In the data diterent regions display aftierent price elasticity of supply and
households (first-time buyers and owners) borrow using mortgage contracts fietiewnl 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.
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Let I; be the set of households in metropolitan regjpmandw; be household’s share of hous-

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

Then, fully differentiating the house market clearing condition for regjiowith respect to the
mortgage rate, | obtain the following expression for the mortgage rate semielasticity of house

prices in region]
2iel; Wilbri
fpry = ————. (10)

€s,pj ~ €Dp

Similarly, | obtain that the #ect on house prices in regigrfrom removing MID can be approxi-
mated by .
Apj  iel; @idpriTyli

P Espj — €D,p

(11)

In section4.2, | provide metropolitan level estimates of the mortgage rate semielasticity of
house prices using equatiohd) and of the house price decline implied by the elimination of MID
using equationi(1).

Incidence. One feature of the data is that house investments and mortgage borrowing extend over
many years. Here | describe the assumptions made to extend Propbs$diamultiperiod 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 theirfiective housing units represented byn the model) and maintain the same

path for mortgage balances this move will have ffe@ 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 anéfpays o
her mortgage according to the schedule implied by the original fixed mortgage.

Third, | assume that after the household paff$rer 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 assumgferigthe 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@edience between the actual future sale
date versus the date when the mortgage is pflidF@r households that remain in the house after
the mortgage debt was scheduled to be péidloe harm from selling the house at a lower price is
front loaded making the estimated welfafféeet of the subsidy worse for borrowers. In contrast,
if the house is sold before the mortgage termination date the advese @& lower future house
prices is back loaded in my calculations and bias the estimates making them more beneficial for

23The 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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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 orffgets these households when they sell their house.

LetT; be the term of the mortgage in years, then under my assumptions it is possible to establish
analytically the following result.

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

A .
Vi = Uy 45DV T) S = (. T LTV (12

j
for household i in metropolitan area j, wherg;/p; < 0 is given by equationi(l) and the price

and LTV multipliers are, respectively, given by

1-(1-ri(1)-6+n)" forfirst-time buyers

Po(ri(e), Ti) =
-(1-ri(l)-6+n)"  for homeowners 13)
Tyl 1 12T
A @ @B @@ -1 @ n@)E [+ @) — 1

It follows that the welfare fect 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 the other term
representing the burden of highdifextive mortgage rates, which depends on the LTV ratio at
origination. The magnitude of these twfiexts depends on the mortgage rate, the other compo-
nents of the user cost, and the term of the mortgage (assumed to equal the duration of the house
investment). A longer mortgage term increases the present value of MID, as it increases the present
value of interest payments. 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 ¢, > 0) and is negative for homeowneus,(< 0), reflecting the dterential
impact that the initial 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 lower prices
outweigh the present value loss from selling these house units at lower prices in the future. On the
contrary, under my assumptions, homeowners are diégi@d negatively from the lower house
prices when they sell their houses in the future. Tabbeesents descriptive statistics of the price
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and LTV multiplier for owners and buyers depending on their mortgage term.

Note that equationl2) makes the incidence on households comparable when they purchase
houses of dierent 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 sécHohuse 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 calculatiofiiciehey losses
abstract from distributionalfgects, | abstract from the distinction between owners and first-time
buyers. In fact, | assume that all households have to buy their desire housing stock and at the
same time are entitled to the proceeds of the sale of the existing stock of housing and the profits of
house producing firms. In contrast, | relax other assumptions that are not needed to calculate the
efficiency cost in practice. First, | consider incontéeets in the demand for housing. Second, |
consider that MID are currently in place and calculate the reduction inflizgeacy loss accruing

from eliminating this deduction. Finally, | consider that in each metropolitan region there are
heterogenous households who borrow usirftedent mortgage rates and LTV ratios, as observed

in the data.

Letrj(¢) be the profit of house producers in metro ay@en the fraction of mortgage interest
that can be deducted ¢s let h; be the existing housing stock in metro afgand lett;(¢) be the
period 0 mortage subsidy when a fractigrof 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

ielj

- a(pj(l)’ ri(l)’ Vi) + ﬂ](l) + pJ(l)hJ + G(pj (O)’ rlj(o)’ Oa el](pj (0)7 ri(o)’ Vi)) ’

where variables with subscripf denote the vector of values for all households metro area

j, for instancery,; = {rilic,; andG(p;,r;, ¢, €,(p;. i, i)) denote the government expenditure on

mortgage subsidies, equal K¢, t m(p;, ri. &(pj, i, Vi) = Xia, ti 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(LO)~ 5 ) IM(O) - MILO)+ L] = 5 " A (1), (14

i€l i€l

24From the identityg; + ti(y) = (1 + i — pryi;) it follows thatti(¢) = @ryii(L+ i) (L + ri — pryii) L.
2Note that Harberger’s trapezoid formula with preexisting MID turns into a triangle formula once | consider the
total elimination of MID.
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wheremi(¢) = 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 b¥m ~ m(1)[éwpi APj/P; + Owri 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 previous formula 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 footnot&d). In fact, combining these equations | obtain that, = €p p/LTV;,

as the income compensation for mortgage demand cancels witi¢loea house prices on house

expenditure, and,; = [¢ori/LTV, +1i(@)/(1+ri(¢))]/(1+ri(¢)) , where the last term collects the

effect of the income compensation and tifieet of mortgage rates on mortgage interest expenses.

It follows that .

Ay = pyxi| (1 + ri(l))gD,pATFj)J + ((D,r,i - %)Ty.i]

house price fect mortgage rateféect

(15)

That is, the distortion in the (compensated) mortgage demand can be expressed as the sum of
two effects. The house pricdfect, which reflects that as house prices decrease when the MID is
eliminated Ap; < 0) the demand for mortgage debt increasgs,(< 0). On the other hand, the
mortgage rateféect captures that as th&ective mortgage rate increases, the demand for mortgage
debt declines (recall th@h,; < 0). One important takeaway from decomposing the distortion of
mortgage demand into these two terms is that the house prese-e-which is positive—attenuates
the distortion of mortgage rates in mortgage demand, which will reducetibeecy loss brought
about by mortgage subsidies. In sectibf, | use equationsl¢) and (L5) to provide estimates of
efficiency gains from eliminating MID.

4.2 Estimates of the Hect of Mortgage Rates on House Prices

Using the previously derived formulas together with the data described in s&ctioan estimate

the sensitivity of house prices to mortgage rates in the 269 metropolitan areas being analyzed.
In fact, equations1(0) and (L1) provide, respectively, estimates for metropolitan ajes the
mortgage rate semielasticity of house pricgs,; = 1/p;(dp;/dr), and of the decline in house
prices from the elimination of MIDAp;/p;. These equations show that th&eet of house prices
differs across metropolitan areas givefiatences in the price elasticity of suppdy,, j, and the
(house-value-weighted) average mortgage rate semielasticity of detbane: e, widpy; -

Table4 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 former has a (house-value-weighted) mean®afhd a standard deviation of0 In
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contrast, the latter has a mean-df5.4 and a standard deviation of onlyl#® Thus, the sensitivity

of house prices to interest rates is determined primarily by the price house supply elasticity. Table
4 shows that the estimated (house-value-weighted) average decline in house prices from eliminat-
ing MID would be 69%. Similarly, the estimated (house-value-weighted) average mortgage rate
semielasticity of house prices #6.9. That is, the decline in house prices from eliminating MID

is about the same magnitude as predicted by a 1 percentage point increase in mortgage rates. This
reflects that under the assumption that the marginal taxyagquals 25% and an average nominal
mortgage rate of 2% in my sample, the MID amount to a reduction in tHEeetive mortgage

rate of about 1 percentage point. This semielasticiy of house prices ranges®6rm Miami,

Florida, where the price elasticity of supply i$60, to-1.2 in Pine Bldt, Arizona, where the
supply elasticity is 12.

Figure 3 plots the estimated decline in house prices from eliminating the 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 my estimates are well approximated by
—-154/(esp,j + 1). This expression corresponds to equatibi) @ssuming anféective decline in
mortgage rates of 1 percentage point, a mortgage-rate house demand semielasticity equal to the
average of-154 (Table4), and a price house demand elasticity equat19 as | have assumed.

This approximation works well given that the mortgage-rate house demand semielasticity varies
very little at the MSA level (Tabld). Note that equationl(l) approximates the log-fierence of

house prices, which equald5.4/(es , j+ 1)Ar ~ =154 exptes pj)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, when
considering a transformation of the price house supply elasticity.

My estimates of the mortgage rate semielasticity of house pdggscan be compared to
direct estimates from empirical studies. The empirical evidence is broadly in line with my average
estimate 0of—6.9. One strand of the literature studies tieet 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 ¢
house price semielasticity to this interest rate-618, 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@il and-1.2.2" In a related study, Kung (2015)

26The household-weighted average supply elasticity. 74 In my sample, in line with the household-weighted
average reported by Saiz (2010) of3.

27|t 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
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uses the variation in the conforming loan limit together with the original asking price to asses
the likelihood that the change in this limit willff@ct a property and estimates a value-6éf for

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 one
obtains a value for this elasticity of abouil9. 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, formuaimply a value closer to the estimates of
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 ofd) Using my notation this elasticity, at a given metropolitan grea
can be expressed agy,;, and it equals to the ratio of the mortgage rate semielasticity of house
prices,{,, i, 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
empirical studies, the (house-value-weighted) average of this elasticiy ($dble4).

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 priceffects used in the welfare calculations described next.

4.3 Estimates of the Welfare Hects of Eliminating MID

| use the information described in secti®nomprising 175 million mortgages originated in 2010-
2015 to measure the distributiondfext of mortgage subsidies—its economic incidence—and the
efficiency gains from eliminating MID—the size of the negative deadweight loss.
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 secti@gn2

Proposition3 also describes how the elimination of MID wilffact households through two
effects: 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. Tablé presents my estimates for the incidence of eliminating MID on households’ wel-

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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fare. | consider the incidence measured as a percent of the house value, the term in parenthesis in
equation {2), —¢pi pj/Apj—¢mi LTV, to make these measures comparable across households. Ta-
ble 5 reports separately for homeowners and homebuyers the average incidence by mortgage term.
The last three columns of the table present the estimates offde ef only higher mortgage rates
caused by the elimination of MID, assuming no change in house prices. Hifjeetivee mortgage

rates hurt both first-time homebuyers and homeowners, with households using longer mortgage
terms being hurt more. Households using longer mortgage contracts are hurt more given that in-
creasing the terms of the mortgadeeetively increases leverage, as captured by the increase in the
LTV multiplier (Table 3) and that LTV ratios and mortgage terms are positively related (T8ble
Comparing the average welfare reduction for the same mortgage term it is observed that the elimi-
nation of MID will hurt buyers more than owners, reflecting that buyers use more leverage—higher
LTV—on average, conditional on the mortgage term (T&t)leMoreover, on average buyers are

hurt more relative to owners reflecting that my sample of buyers uses relatively longer mortgage
contracts.

The first three columns of Tabepresents the estimated incidence on households when both
higher dfective 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 lower prices. Tifiece of house prices is more important
in present value the shorter the mortgage term, given my assumption that the house is sold at the
time the mortgage is repaid. All in all, on average homeowners loss from the elimination of MID
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 diterential response of house prices and households’ characteristics the average
incidence is estimated to vary across regions. Figutepicts the average estimated incidence for
these two groups of households as a function of the house price supply elasticity. In more inelastic
regions this discrepancy is larger reflecting the estimated laffgsat®n house prices.

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, in 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 decline.6%01& the
house value in Alexandria, Louisiana, whereas homebuyers in San Francisco, where house prices
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are estimates to drop more, are estimated to lose 08%b 8f the value of the house, representing
dollar losses of 4320 and 12160 for a 320000 dollar house, respectively.

Another way to look at the regional variation of theet of the elimination of MID is by taking
the average incidence for first-time buyers by state. Figuresents 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 advéiset éor homebuyers of the elimination
of MID, and the interior states displaying the largest advefBecefrom the elimination of this
subsidy.

For first-time buyers, the benefit from lower house prices can more tfiset the loss from
higher dgfective mortgage rate, upon the elimination of MID, as reflected by the positive estimates
reported in Tablé for the maximum of the incidence on first-time buyers. My estimates imply
that slightly more than 4R00 first-time buyers, in my sample, during 2010-2015 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 itemize. Non-itemizing buyers will only be
benefited 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 (edugjiofaple6
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 GP%b, on average over households, when
the compensated responses of house demand are consiti€adde6 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 is distorted about 40% less due tofdet coming from the decline

in house prices, or in other words, absent tfseting €fect of house prices the the distortion and
efficiency gain will be almost 60% larger than the estimates | obtain.

28The 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 incredfeziivee 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.
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Table 7 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 per household. By the Harberger triangle formula, the estimated
mortgage demand distortion 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 estimated3be 9
of the house value and the latter estimated to be roughly 100 basis points. These values imply an
average fficiency gain of about 5 basis points of the house value. The last three columns of Table
7 present the estimated average dollar value of theiency losses from eliminating MID (nega-
tive values correspond tdfeeiency gains). The averagéieiency gain is about $150 dollars per
household, ranging from gains of $800 to losses of $10. Households who increase their (com-
pensated) demand for mortgage debt in response to the elimination of MID contribtieiemey
losses. This is the case for households who are currently borrowing at very low mortgage rates so
the dfective increase in mortgage rates from eliminating MID is small in percentage points and
for who the dfect of lower house prices determines the direction of the response of mortgage debt.
Total dficiency gains, for my sample of &'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, according to the American Community Survey 2010-2014, an upper
bound for the total #iciency gains from the elimination of MID would be a modesi3Hillion.

5 Conclusion

In this paper, | argue that the welfare evaluation of mortgage subsidies needs to account for the ef-
fects onboththe dfective mortgage rate and house prices. Using tlfiécgent statistics approach,
the welfare evaluation of mortgage subsidies requires a clean identification of the necessary eco-
nomic parameters—in particular, the house demand semielasticity with respect to mortgage rates.
But the empirical identification of this elasticity is complicated by the fact that changes in mort-
gage rates influence the demand for housing and thus its price, which feeds back into the demand
for housing. Lemmad. allows me to express the mortgage rate demand semielasticity as the ratio of
the price demand elasticity and the user cost, both of which can be cleanly empirically identified.
In this way, | obtain individual level estimates of the mortgage rate house demand semielasticity,
which allows me to characterize the house demand response to chanfjestimeemortgage rates.

This characterization enables me to derive iigent statistic formula for theffect of efec-
tive mortgage rates on house prices. | use this formula to provide estimates of the mortgage rate
semielasticity of house prices for 269t@irent metropolitan areas. The average of these estimates
are broadly in line with direct estimates from empirical studies (Seetign
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| describe the incidence, or distributional impact, of these subsidies as a function of reduced-
form suficient statistics that capture the key economic parameters in these markets: the demand
and supply elasticities for housing, the LTV, and the user cost of homeownership. My formulas
trace out the #ect of the subsidy through house prices, whiffe& diferentially first-time home-
buyers and homeowners. Both type of households are helped by IGeeine mortgage rates but
buyers are hurt by higher house prices, whereas owners also benefit from higher prices. Using my
formulas, | provide new estimates of thgext of eliminating mortgage-interest deductions (MID)
across 269 U.S. metropolitan areas. | estimate that on average households will lose the equivalent
of 10.9% of the value of the house, with homeowners losing%dand homebuyers loosing8%.

For an average home value of $3200 this discrepancy in thefect between owners and buyers
corresponds to $6800 in present value. In addition, the spillover of mortgage subsidies into house
prices introduces interesting regional variation through tlfkegintial response of house prices
depending on the house supply price elasticity. My estimates imply that, on average, buyers in
San Francisco, California, where the house supply is more inelastic lose .8ftyd the house
value, compared to buyers in Alexandria, Louisiana, where the supply is more elastic and buyers
loose as much as 126 of the house value. Considering the average house value in my sample
of $32Q000, these estimates imply that homebuyers in regions with elastic house supply lose in
present value $2860 more than their peers in more supply inelastic areas. Thffseetdices are
economically significant.

Moreover, | show that thefieciency loss introduced by mortgage subsidies is attenuated by the
response of house prices. As house prices increase households reduce their demand for housing
and thus, mortgage debt. Thésetting €fect of house prices in the demand for mortgage debt
reduces the size of the Harberger deadweight loss triangle, as it reduces the distortion of the com-
pensated mortgage demand introduced by the subsidy (i.e., the base of the triangle). In practice,
my estimates suggest that this mechanism reducediibercy loss due to MID by about 40%.

One important limitation of my analysis of mortgage subsidies is that it abstracts away from
the rental market and the extensive margin of housing demand. Incorporating a rental market in
the analysis is expected to influence the welfare evaluation of mortgage subsidies, in general, and
MID, in particular. 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 overdlieet of mortgage subsidies on the incentive to own versus to rent is
thus ambiguous. The available research on ffexeof MID on homeownership rates suggests that
the overall &ect of these subsidies on homeownership rates is small (Glaeser and Shapiro, 2003;
Bourassa and Yin, 2008; Hilber and Turner, 2014; Sommer and Sullivan, 2016). The conclusion
of these studies suggest that most of the response to MID is expected to occur along the intensive
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margin of house demand, which | considered in my framework. 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 demand.

My new evidence regarding thétect of eliminating MID helps 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 homeownership and the progressivity of the tax code,
my analysis suggests that a preferred alternative would be to Hexesltax 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 mortgaghis would act like a lump sum
subsidy, limiting the distortions introduced by this 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 that purchase ffowdahble houses.

The techniques and insights developed in this paper can be used in other settings where debt
and other markets interact, like corporate investment in fixed assets or college students’ investment
in human capital. In all these cases, a precise evaluation of debt policies should consider the
spillovers of debt policies into the market for debt-financed capital. My analysis shows how to
use the stiicient statistics approach to complete a key information requirement that arise in these
settings: the interest rate demand elasticity for the debt-financed capital.
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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)

) dp(t)
St = ~Yegp [PX—Y = (A+ 9m] - ue(1+r(1))

+U(l—6+m)——=

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

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

where lused thadg/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 >(10p
i UcpX(1 + r(t)) (par [rit) +6 —n] + LTV)

Since home owners sell all their endowment of housing so the incidence on them equais
r(t))%h dp/or. Similarly, applying the Envelope Theorem to the profit maximization of house producers,
| get that the incidence on these agents equélst r(t))%zdp/ar.

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

dS(p) dp(t) _ 9D(p(v). r()) dpt) , dD(p(), r(1)) dr(t

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

Proof of Proposition 2: By definition the excess burden of a mortgage subsidygiven 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
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together with a fix mortgage interest rate (price) and house price in period 1 | get

dt — dt
where the derivative of the multiplier of the period-1-flow-budget constraint canceled given that that con-
straint is active. Second, using the Envelope Theorem in the producers’ maximization problem | get
dn(t)/dt = z dgt)/dt, and noting the home owners 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

dG(p(), (). t.y) dm(p(®), r(t). y)
dt dt

m,

= m(p(t),r(t).y) +1

Therefore,

dEB®) _ , dm(p(). r().y)
dt dt ’
where | used that = z+ h in equilibrium.
Taking second derivatives,

d’EB(H) _ dm(p(),r(V).y) , , d*m(p(t).r(1).y)
dt? dt dt? '
Ignoring the curvature terms and using a second order Taylor approximation | get
dEBO),  1d°EB(0) , 1dm(p(0).r(0).y) , 1
a t2ae T2 dt t=ZAmt.

where | used thatimydtAt = 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(t)x(p(t), r(t),y) —y—T so

EB(t) ~

}d_mtz

1
sart = _5(1 + r(t))ZpX(§p,r +dpr + sD,pfp,r)tz

EB(t) ~

Proof of Proposition 3: N
Let a tilde denote the monthly counterpart of variables. That isllet 12T;, let fi(¢) be the monthly
mortgage rate with (2 fi(¢))'? = 1+ ri(¢), and so on. Then | can wrote the problem of a first-time buyer as

maxu(x, G, - - . » Gi,)
s.t. PjoXi + Cio + To < Yio + Mo

Gi1 + (1 +Fi(e))mio + T1 < Yi1 + Mg

G, + (L+ Fil@)Mf, 1 + Tr, <Yif, + Py (1- 8 +7)Tx

Let A be the Lagrange multiplier of the budget constraint in petjakden from the FOC with respect to
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mortgage debt it follows that; = A, 1(1 + Fi(¢)). From where it follows that
A= (L+Ti(e) 0. (A.1)

On the other hand, the Envelope Theorem imply that

dVie) _ _ dpjo(so) B Z Am dr (9”) + Az (L=6+7)"

= dpif,(¢) y
de dp
In addition, by assumption a permanent increase imply thatdpjo/dy = dp;s;/de = dpj/de. This
relationship together with equatiov-k.a) and that the mortgage unpaid balamag for a fixed mortgage
with monthly payment and termT; is given by

a 1
M= Fi() (1 1+ ()T

allow me to rewrite the incidence as

i) _ [1_ (1-3+ fr)T‘] dpile)
dy L+Ti(e)" | dy
1 B 12T; dfi(y)
@+niENE -1 @+r(e)e[A+rn(e)T-1]] d
Using that (-6 + 7”r)fi J(L+T; (go))T~i ~ (1-ri(p) -6 +m)" and thadfi()/dp = —7yii | obtain equation12).

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

— AgMig

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

whereh; is the house endowment of homeowners. By assumptienh; so the term representing thifext
of house prices in period 0 goes away and | obtain equatign ( |

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 calculate the LTV distribution by MSA, 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 2010-2018 (Table

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 scores8air@l 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.

ensure all the information to perform the match is present and avoid false positives, so | restrict the sample
to 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_2Irg_opendt).

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
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 0.185 0.389 0.000 1.000

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

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

Term Number of Interest Rate (percent) LTV Rafpercent)

(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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Table 3: 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 thefioeents that multiply the priceffects and the mortgage
rate dfect (LTV) in the expression for the incidence on first-time buyers and homeowerns in Prop@sition
Author’s calculations based on McDash Analytics and Equifax Credit Risk Insight Servicing.

Table 4: Descriptive Statistics of Key Economic Parameters dfetEof Mortgage Subsidies by
MSA.

Description Meal? Std.DeV?)  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 semielasticity, ; -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 MIP;/p; (percent) -6.33 2.04 -9.24 -0.96
Credit house price elasticityy u, 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 d#iciency 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).
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Table 5: Incidence of Mortgage Subsidies for Buyers and Owners by Mortgage Term.

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

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

Notes: Total incidence considers both house prifeces and lower mortgage rates. See Proposéimn details.
Author’s calculations based on McDash Analytics, Equifax Credit Risk Insight Servicing and Saiz (2010).

Table 6: 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 5.7 1.0 9.7 -15.8 -21.4 -9.5 -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 5.4 1.0 9.5 -14.7 -20.3 -7.3 -9.3 -16.5 2.4
15 5.3 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 -10.4 -17.1 3.4
All 5.8 1.0 9.9 -15.7 -22.5 0.0 -9.9 -19.0 34

Notes: See equatiori®) for details. Author’s calculations based on McDash Analytics, Equifax Credit Risk
Insight Servicing and Saiz (2010).
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Table 7: Hficiency Loss from Mortgage Subsidies for Buyers and Owners by Mortgage Term.

Term Basis points of house value Dollalwe

(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 -04 -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 -5.5 -20.3 0.2 -103 -78,053 12
All -5.1 -32.6 0.2 -148 -82,599 10

Notes: See equatiori4) 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 equétioT(ie 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-vajua;/Ap; — ¢mi LT Vi, equation {2).
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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