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Abstract
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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 the effect they will have both on the cost of

debt and on the price of debt-financed capital. Using a sufficient 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 welfare effect of

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 billion (Office of Management

and Budget 2012).1

In the first half of the paper, I investigate theoretically the effect of mortgage subsidies when

these subsidies can affect both the mortgage interest rate and house prices. I characterize the

welfare effects by simple formulas as functions of reduced-form sufficient statistics that can be

empirically identified. In the second half of the paper, I use the simple formulas to estimate for

269 U.S. metropolitan areas the effect of eliminating mortgage interest deductions on house prices,

households’ welfare, and efficiency gains.

To characterize theoretically the effect of mortgage subsidies, I extend the classic framework

for applied welfare analysis to an intertemporal setting, where households purchase durable houses

and finance them with mortgage debt.2 Importantly, financial markets are imperfect so households

face different 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. I derive welfare effects, as functions of

reduced-form sufficient statistics, considering the effect of these subsidies on both mortgage rates

and house prices. This characterization of welfare effects 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 reduces effective 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). Kotlikoff and Summers
(1987) and Auerbach (1985) survey the incidence and efficiency costs results in this literature, respecteively.
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A first result regards the characterization of the economic incidence of mortgage subsidies. I

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 I 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 create an offsetting effect 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 effect on buyers is obtained from the sufficient statistics formula that I 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 negative effect of the increase in house prices

accrues to the total house expenditure. This adverse effect is 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 elastic.3 Thus, 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 the efficiency costs generated by mortgage subsi-

dies. Interestingly, only the distortions introduced in the mortgage market generate inefficiencies,

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 additional efficiency losses.

As house demand and house prices increase, the loss to buyers is offset one-for-one with the gain

to sellers (homeowners and house producers). Moreover, the magnitude of the efficiency loss de-

pends on the elasticity of house prices to mortgage rates, as house prices determine the demand for

mortgage debt both through the effect on the demand for housing and the effect on housing expen-

diture: higher house prices reduce housing demand but increase housing expenditure. Considering

3Throughout this paper I use the convention that more elastic refers to a larger elasticity in absolute value.
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the compensated response of mortgage demand, I show that the effect of 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 (Lemma1). This 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, I estimate an average mortgage rate semielasticity of−15.3

(Section3).

In the second part of the paper, I use the welfare formulas to provide new estimates of the

effect of eliminating MID in the U.S. I 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. I assume

that housing markets are geographically segmented and apply the welfare formulas derived in this

paper to produce estimates for 269 metropolitan areas of the effect of eliminating MID on house

prices, households welfare, and efficiency gains.

First, I estimate the effect of eliminating MID on house prices for the 269 metropolitan areas

considered. Using the sufficient statistics formulas, I estimate a (house-value-weighted) average

mortgage-rate semielasticity of house prices of−6.9, ranging from−9.6 in Miami, Florida, where

house supply is the most inelastic, to−1.2 in Pine Bluff, Arizona, where the supply is the most

elastic. My estimates are broadly in line with other estimates in the literature that estimate these

elasticities directly from the data but my estimates offer a higher level of regional granularity.

These estimates imply a (house-value-weighted) average decline of house prices of 6.9% from

eliminating MID.

Second, I 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 has a differ-

ent effect on first-time homebuyers and homeowners. Both sets of households are hurt from the

elimination of MID, which increases their effective mortgage interest rate. However, homebuyers

benefit from the drop in house prices, whereas homeowners are additionally hurt by it. I estimate

that on average homeowners welfare drops by 11.5% of the value of the house, whereas homebuy-

ers welfare drops only by 8.5% of the value of the house. For an average house value of $320,000

these effects correspond to a present value loss of $36,800 for homeowners and a loss of $27,200

for homebuyers. In other words, current MID are more helpful for existing homeowners relative

to first-time buyers. Given the differential response of house prices and differences in households’
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characteristics the average incidence is also estimated to vary across regions. I estimate that on av-

erage homebuyers’ welfare decline by 12.6% 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 of $40,320 and $12,160 for a $320,000

house, respectively).

Finally, I estimate the efficiency gains from the elimination of MID. As the theoretical frame-

work highlights, these gains are attenuated by the effect of mortgage rates on house prices. I

estimate that for my sample of 17.5 million households efficiency gains total $2.6 billion, or an

average efficiency gain of 5 basis points of the house value. Extrapolating to the 49 million house-

holds that finance their homes with mortgage debt total efficiency gains would increase to a modest

$7.3 billion.4 My estimates imply that without the attenuating effect 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 sufficient statistics approach to analyse imperfect financial markets. The

sufficient 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 welfare effects (Chetty, 2009). Using this approach Matvos (2013) studies how

covenants create benefits for corporate borrowers by completing debt contracts. Dávila (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 effects of trade liberalization (Arkolakis, Costinot, and Rodríguez-Clare, 2012), and welfare

analysis with behaviorally biased consumers (Chetty, Looney, and Kroft, 2009; Allcot and Taubin-

sky, 2015). Although I 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’ investment in 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 policies affect the house rental

rate and evaluate the welfare effect of these policies using a rich description of the U.S. tax code.

Relative to this literature I focus on the tax provisions that affect the cost of mortgage debt, I relax

the assumption that house prices are fixed, and I consider individual heterogeneity in mortgage

contract characteristics. My analysis shows that not considering the offsetting effect of house

prices for the distortions introduced by mortgage subsidies will overstate the efficiency cost of

4Housing units information from U.S. Census Bureau; 2010-2014 American Community Survey 5-Year Estimates,
Table B25096; generated using American FactFinder;http://factfinder2.census.gov; (22 September 2016).

5

http://factfinder2.census.gov


these subsidies by almost 60%. That is, the efficiency costs of MID are about 40% smaller than

previously estimated.

A strand of the literature has looked at the effect 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 to the effect on house prices. In addition, Glaeser

and Shapiro (2003), analyzing time and cross-state variation in MID, find that the effect of 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 is ineffective in promoting

homeownership. Hilber and Turner (2014) argue that the capitalization into house prices offsets 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 I focus on the intensive margin of housing demand.

Second, my paper contributes to the literature that studies the effect of mortgage credit on house

prices. Using my sufficient statistics formulas I estimate an average mortgage rate semielasticity of

house prices of−6.9 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 simple sufficient statistics formulas can also be used to

estimate the effect of the quantity of credit on house prices: the elasticity of house prices to the

volume of mortgage loans. I obtain an average estimate of 0.3 in line with the direct estimates of

Favara and Imbs (2015) and Di Maggio and Kermani (2015). My estimates support the conclusion

of Glaeser, Gottlieb, and Gyourko (2012) that the decline in interest rates in the early 2000s cannot

explain the increase in house prices in this period. Like these authors, I 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, I focus on

the intensive margin. As in Glaeser, Gottlieb, and Gyourko (2012), when house supply is totally

inelastic, I recover a semielasticity of house prices with respect to real mortgage rates close to−20,

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 and the effect of 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
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macroeconomic models to evaluates the effect of MID, other mortgage subsidies, and tax provi-

sions that affect 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. Section2 presents the theoretical framework

and the theoretical results. Section3 describes the data used to quantify the welfare effect of

eliminating MID. Section4 presents my estimates of the effect of eliminating MID across different

metropolitan areas on house prices, households’ welfare, and efficiency gains. Section5 provides

some concluding remarks. And the Appendices contain additional material.

2 Theoretical Framework

In this section I present a simple model for applied welfare analysis to analyze the effect of mort-

gage subsidies. Importantly, the cost of mortgage debt affects households’ housing demand and

financing decisions—the LTV on their house purchases. Moreover, house demand affects the price

of housing, which in turn influences housing and mortgage demand. I show analytically the role of

mortgage subsidies in determining house price changes, economic incidence, and efficiency costs.

I derive simple formulas for these effects, as functions of reduced-form sufficient statistics, which

generalize the classic formulas for incidence and efficiency costs to this case.

2.1 Setup

I consider an economy with two periods,t = 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 0,x, and period 1 consumption,c. I 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 incomey in period 0 in units of the numeraire. They have no initial

housing units, but can purchase them in period 0 at pricep. Homebuyers can finance their house

purchases with their income or mortgage debt, denoted bym. Each unit of mortgage borrowing
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requires the homebuyer to pay a unit of the numeraire in period 1 in exchange forq units of the

numeraire in period 0. A mortgage subsidyt adds to the amount received by borrowers in period

0 so after the subsidy borrowers receiveq + t units in period 0, per unit promised.5 Using this

notation the loan-to-value (LTV) ratio equals (q+ t)m/px. Homebuyers also pay lump-sum taxes

T in period 0.

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,

I assume that this price reflects (expected) house price appreciationπ and the depreciation of the

housing stockδ, thus the house price in period 1 equals (1+ π − δ)p. Under these assumptions

the budget constraint in period 0 and 1 are given, respectively, bypx + T ≤ y + (q + t)m and

c ≤ (1+ π − δ)px−m. Finally, I assume that neither consumption nor mortgages can be negative.6

In general, homebuyers will choose different combinations of housing, consumption, and mort-

gage debt depending on the price of housing and mortgages, and households’ preferences and in-

come. To illustrate the effect of mortgage subsidies, I focus on buyers at an interior solution where

optimality imply that
ux

uc
= [r(t) + δ − π] p , (1)

wherer(t) = 1/(q+ t)− 1 corresponds to the effective mortgage interest rate after the subsidy. The

term in square brackets in equation (1) corresponds to the user cost of homeownership, which is

increasing in the effective 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., the effective 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 the effect of mortgage subsidies on house

prices as I 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 given byr f . For each loan, lenders give borrowers

q = 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 costsρ per loan. Thus, lenders

5Using the mortgage priceq, instead of the mortgage interest rate, simplifies the analysis of efficieny 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 payment of 1+ r = 1/q in period 1.

6Non-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 I focus on borrowers. For this reason I also
abstract away from other saving alternatives home buyers may have.

8



maximization problem corresponds to maxl(r − r f − ρ)l. Lenders optimal behavior will pin down

the lending mortgage rater = r f +ρ. That is, mortgage supply is effectively totally elastic atr f +ρ.

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 producers.To highlight the distributional effects through house prices

on existing homeowners and house producers, I 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 housesh and have linear preferences for the proceeds of house sales,ph. Homeowners de-

rive utility of house sales, so they will always sell all their house endowment.7 In addition, houses

are produced by price taking firms, who producezhousing units at a costκ(z) that is increasing and

quasi-convex. Firms optimal behavior implyp = κ′(z), which implicitly define producers’ supply.

Therefore, total house supply is denoted byS = h+ z.

Government. The government collects lump-sum taxes from consumers in period 0,T, in order to

finance mortgage subsidies. Given a government policy,
{
t,T

}
, the government needs to balance its

budget in period 0, i.e.,tm= T. It is assumed that the government collects non-distortionary taxes

in terms of period 0 income to simplify the efficiency analysis in the presence of income effects

(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 homebuyers,
{
x, c, m

}
, loan supply, l, house production, z,

homeowners’ sales, h, and government policy,
{
t,T

}
, 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 effort to maintain the simplicity of the model I 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 section4. First, 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 section4 I consider that the user cost

comprises a term that captures a risk premium for housing investment.8

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

7In keeping with the simplicity of the model, in this section homeowners are assumed to seel their houses inelasti-
cally. Nonetheless, in the analysis of section4 homeowners will be identified with mortgage refinancing, so they will
be affected both by the reduction of effective mortgage rates and the change in house prices.

8When I calibrate the user cost to the data I will take into account the presence of this and additional terms of the
user cost of home ownership that I 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, I abstract away from homebuyers’ income in period 1. Future income affects the de-

mand for housing, as it affects homebuyers’ lifetime income, but it does not change the optimality

condition for an interior equilibrium (equation (1)). 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-

quirements, 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 I derive formulas for the incidence of mortgage subsidies on

these agents that parallel the derivations of Kotlikoff and Summers (1987).

Let D be the aggregate demand for houses, which from equation (1) depends on the house

price, p, and after-subsidy mortgage rate,r(t). In addition, the uncompensated individual and

aggregate demand functions will depend on households’ income,y. On the other hand, the total

supply of houses,S, is only a function of house prices, as homeowners will always sell their house

endowment and house producers will adjust their production plans depending on the level of house

prices. Then, house market clearing requires that

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

To describe the behavior of house prices and the incidence of mortgage subsidies it is useful

to introduce the following notation. LetεD,p = (∂D/∂p) p/D andεS,p = (dS/dp) p/S denote

the price elasticity of housing demand and supply, respectively, letζD,r = (∂D/∂r)/D denote the

mortgage-rate semielasticity of house demand, and letζp,r = (∂p/∂r)/p denote the mortgage-rate

semielasticity of house prices. In addition, for a given mortgage subsidy,t, let p(t) denote the

house price that obtains in equilibrium. The following result follows.

Proposition 1 (Incidence of Mortgage Subsidies)The incidence of increasing the mortgage sub-

sidy, t, equals zero for lenders,−(1+ r(t))2zpζp,r for house producers,−(1+ r(t))2hpζp,r for home-
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owners, and

ucpx(1+ r(t))2
(
ζp,r [r(t) + δ − π] + LTV

)
(3)

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

ζp,r =
ζD,r

εS,p − εD,p
≤ 0 . (4)

The formal proof is relegated to the appendix. Intuitively, the first order effect of 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 Figure1. With a totally elastic supply of mortgage

debt the interest rate charged by lenders,r, remains fixed; thus, buyers see their borrowing cost

drop fromr to r − t, as depicted by the arrow in panel (a). This is the most favorable outcome in

the mortgage market for buyers/borrowers. The mortgage subsidy, then, lowers the user cost for

housing services (equation (1)) 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 effective mortgage rate and an increase in house prices. These two price changes

have opposite effects on buyers’ welfare as shown in equation (3). This equation presents the

two effects normalized by the house value and the marginal value of income (the term in front

of the brackets).9 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). This effect is captured by the second term inside the brackets in equation (3) and 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. This effect is captured by the first term inside the

brackets in equation (3), ζp,r [r(t) + δ − π] ≤ 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 ratesζp,r .

9The term (1+ r(t))2 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 I 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 effective 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 need to offer a higher

compensations to their lenders, e.g., depositors. Allowing these general equilibrium effects, then, is

expected to attenuate the incidence on households and have a non-negative incidence on lenders.10

Proposition1 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) income effect for borrowers (savers). The total effect on intertem-

poral consumption and borrowing/savings decisions depends on both of these effects. The result

in Proposition1 can also be described in terms of substitution and income effects. 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 income effect for household, which

is proportional to the entire house purchase. Lower mortgage rates, on the other hand, generate

a positive income effect for borrowers proportional to the LTV of the house purchase. These two

income effects determine the incidence of the subsidy.

Second, the result of Proposition1 is 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, 1− LTV, 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 I assume to be independent of

the subsidy.11 A mortgage subsidy affects the house rental rate through both its effect on house

prices and the user cost. On the one hand, the effect of house prices on the rental rate is given by

ζp,r [r(t) + δ − π], the first term in equation (3). On the other hand, the reduction of the effective

10The 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.

11The model abstract away from saving alternatives for households in period 0. But when these alternatives are
considered and the household at the margin is substituting between savings and house expenditure. The interest rate
on savings determine the opportunity cost of funds.
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mortgage rate reduces the user cost one-for-one for the marginal units financed with mortgage debt

and does not affect 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 equation (3).

Equation (4) is interesting on its own as it provides a reduced form expression, in terms of key

economic parameters, for the effect of mortgage rates on house prices, specifically, the mortgage

rate semielasticy of house pricesζp,r . But as discussed above the identification of the mortgage

rate house demand elasticityζD,r 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 Semielasticity)In an interior solution to the house-

hold problem

ζD,r =
εD,p

r(t) + δ − π
. (5)

The proof consists of a simple application of the chain rule. In fact, letR = [r(t) + δ − π]p

denote the house rental rate. ThenζD,r = 1/x (∂x/∂p) (∂p/∂R) (∂R/∂r) = εD,p/[r(t) + δ − π] QED.

Lemma1 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 greater effect on the housing rental rate. Moreover,

Lemma1 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, Lemma1 allows me to overcome the inherent challenge for

the empirical identificiation of the mortgage rate demand elasticity, as mortgage rates affect the

demand and the price for housing.

Substituting equation (5) in equation (4) I get

ζp,r =
1
p

dp
dr

=
1

r(t) + δ − π

εD,p

εS,p − εD,p
. (6)

The ratio of price elasticities in the right-hand side of equation (6) corresponds to the effect of

house prices from introducing a one percent house price subsidy.12 In addition, the user cost

r(t) + δ − π < 1 so its reciprocal is greater than 1. Thus, the reciprocal of the user cost equals the

house price response amplification from mortgage subsidies, relative to house price subsidies, due

12The result follows from implicit differentiation of equation (2), considering no pre-existing house price subsidies.
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to the fact that the rental rate is more sensitive to changes of mortgage rates relative to changes of

house prices. Furthermore, equation (6) leads to the following corollary.

Corollary 1 (Mortgage Subsidies Can Hurt Borrowers) If the demand for housing is downward

sloping with respect to the house price,εD,p ≤ 0, and the supply for housing is upward sloping,

εS,p ≥ 0, then−1 ≤ ζp,r [r(t) + δ − π] ≤ 0 and mortgage subsidies hurt borrowers if LTV<

−ζp,r [r(t) + δ − π].

The corollary is a direct consequence of Proposition1, Lemma1, and the fact thatεS,p,−εD,p ≥

0 imply that−1 ≤ εD,p/(εS,p − εD,p) ≤ 0. Corollary1 describes a surprising result, as it establishes

a sufficient 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 result is surprising as it challenges the intuition from the classic analyses of taxes and subsidies

on commodities, where subsidies always weakly benefit their recipients. The difference with the

classic result is a consequence of the non-linear effect of 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 effective 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 affect 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 (equation (3)). In fact, the benefit from lower effective mortgage rates only accrues to the

fraction financed with mortgage debt, whereas the negative effect from higher house prices accrues

to the entire house.

House price responses described in equation (6) are 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 0

incomey is low enough such that the natural borrowing limitc ≥ 0 binds. In this case mortgage

borrowing equals (1+ π − δ)px and the LTV = (1 + π − δ)/(1 + r(t)), which is fixed for any

level of the mortgage subsidyt. Given the borrowing constraint, the demand for housing is given

by (1+ r(t))y/[(r(t) + δ − π)p], from where it follows thatζD,r = εD,pLTV/[r(t) + δ − π]. 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 effects 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 model.13

In section4.2I use a generalization of equation (6) to estimate the mortgage-rate semielasticity

of house prices,ζp,r , for 269 metropolitan areas.

2.3 Efficiency Costs from Mortgage Subsidies

What is the efficiency loss from the distortions introduced by mortgage subsidies, when these sub-

sidies affect economic behavior in both mortgage and housing markets? To answer this question,

here I derive the classic excess burden formula for mortgage subsidies that parallel the derivations

in Auerbach (1985). The expression I 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 subsidies only affect house 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 effects 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 homeowners effectively makes the excess burden measure

independent from the redistribution of resources from households to firms (or firms to households).

Second, preferences do not exhibit income effects, 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

13For the effect 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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I discuss below. This assumption also allows to aggregate the welfare effects across households,

fixing the marginal utility of income.14

Let v denote the indirect utility function ande(p, r, v) denote the expenditure function given

a house pricep, a mortgage rater, and an indirect utilityv.15 I follow Davidoff, Brown, and

Diamond (2005) and specify the expenditure minimization problem as the problem to minimize

period 0 expenditure to achieve the level of indirect utilityv and imposing the budget constraint

in period 1 as a constraint. Under these assumptions the excess burden of introducing a mortgage

subsidy,t, denoted byEB(t), corresponds to the loss in consumer surplus (which includes the loss

in firms’ surplus), plus the loss for homeowners, minus the change in government revenues.

EB(t) = e(p(t), r(t), v) − π(t) − e(p(0), rM(0), v) + π(0)− (p(t) − p(0))h+ G(p(t), r(t), t, y) ,

whereG(p, r, t, y) denote the government expenditure on mortgage subsidies, equal tot m(p, r, y) .16

A second order Taylor approximation ofEB(t) yields the following result.

Proposition 2 (Efficiency Cost from Mortgage Subsidies)The efficiency loss from mortgage

subsidies equals

EB(t) =
1
2

t Δm (7)

This result has an intuitive explanation that can be better described using Figure2. Mortgage

subsidies reduce the effective mortgage rate faced by borrowers byt, increasing the demand for

mortgage debt. As the model assumptions ensure that the interest rate offered by lenders remains

fixed atr = r f +ρ, the effective mortgage rate faced by borrowers becomesr − t. Thus, the demand

for mortgage debt increases until the difference between the original mortgage demandM(0) and

mortgage supply equalst, as depicted in Figure2. This increases borrowers’ surplus by the area

abde. The government needs to finance a subsidyt for every unit of mortgage credit taken by

borrowers, for a total cost oft m(t) equal to the areaacde. This creates a deadweight loss equal to

the area of the trianglebcd, or tΔm/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 the areaabcd, which is

exactly the gain for sellers, i.e., home producers and homeowners (Figure2). That is, the effect

14In 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.

15This notation allows to consider both variational measures of welfare change for consumers in the case with
non-zero income effects. 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.

16Note that in the general case with income effects, 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 loss.17

The deadweight loss depends on the sensitivity of mortgage borrowing to the subsidy,Δm,

which is comprised of two parts. First, as effective mortgage rates fall homebuyers increase their

demand for housing and thus they increase their demand for mortgage debt. Second, as I emphaize

in this paper as effective mortgage rates fall house prices increase affecting 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 order effect of lower effectivemortgage rates is to increase

the demand for housing by−px
(
εD,pζp,r + ζD,r

)
> 0 .18 That is, the demand for housing increases

as the effect of lower mortgage rates dominates the counterbalancing effect of higher house prices.

In addition, housing expenditure increases by−pxζp,r > 0 . Thus,

Δm≈ −px
(
εD,pζp,r + ζD,r + ζp,r

)
Δt . (8)

Therefore, the efficiency loss is larger when house demand is more elastic to mortgage rates, i.e., as

ζD,r is larger in absolute value. In contrast, the efficiency 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 smaller offset 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 elastic, the efficiency loss is larger

(smaller) when the semielasticity of house prices to mortgage rates is more inelastic.

The difference between (7) 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 ratesζp,r . In fact, if these

terms are canceled I recover the exdcess burden formula used in these calculations:EB= 1/2 t Δx,

where using my notationΔx ≈ −pxζD,rΔt .

To derive Proposition2 I assumed that the demand for houses does not display income effects.

This assumption is sometimes justified on the grounds that the market being studied is small, mak-

ing income effects 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 effects relevant. As we know from the classic results in public finance, income effects can

be considered in the analysis by considering the compensated demand functions for housing and

17Note that the change in buyers’ welfare is the area under the supply functionS, as opposed to the area under the
demand function.

18In fact, from equation (4) it follows that−px
(
εD,pζp,r + ζD,r

)
= −pxζD,rεS,p

(
εS,p − εD,p

)−1
> 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 Proposition2 assuming that compensation

takes the form of period 0 income. In this case,Δm, the uncompensated response of mortgage

borrowing, needs to be replaced by,Δm̂, the compensated response of mortgage borrowing.

To calculate the response of the compensated demand for mortgage debt, letεM,p, ζM,r , ε̂M,p,

andζ̂M,r 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 approximated byΔm̂ ≈ −m
(
ε̂M,pζ̂p,r + ζ̂M,r

)
Δt . Whereζ̂p,r

corresponds to the mortgage rate semielasticity of house prices, when homebuyers are being com-

pensated by the income effect of price changes, i.e.,ζ̂p,r = ζ̂D,r/
(
εS,p − ε̂D,p

)
. 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 periodt = 0 budget constraint for homebuyers.19

Finally, suppose there is a preexisting subsidyt0 and the subsidy is changed tot1. Let Δm1 =

m(t1) −m(t0) and use the same notation for other variables, for instance,Δt1 = t1 − t0. Then, it can

be shown that the efficiency loss is given by the Harberger trapezoid formula

EB(t) = t0Δm1 +
1
2
Δt1Δm1 .

3 Data

In this section I describe the data used to measure the effect of eliminating MID. This description

precedes the generalization of the results of section2, as the data availability will inform the

modeling choices to generalize these results.

Mortgage level information. I use mortgage level information from McDash Analytics (formerly

LPS). From this data source I 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 crisis,20 but it seems the most adequate period to

characterize the effect of the elimination of MID if it where implemented today.

From the McDash data I consider fixed mortgages—i.e., fixed monthly payment and fixed

term—which have a first-lien on the property. I 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%

19In fact, from the Slutzky equtions ˆεM,p = εM,p+pxy−1εM,y andζ̂M,r = ζM,r +pxy−1LTV(1+r(t))−1εM,y , whereεM,y

denotes the income elasticity of (uncompensated) mortgage demand. In addition, differentiating the period 0 budget
constraintεM,p = LTV−1 + LTV−1εD,p , ζM,r = (1+ r(t))−1LTV−1ζD,r + (1+ r(t))−2 andεM,y = −(1+ r(t))ym−1 .

20The S&P/Case-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 AppendixB).21 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 I use

to map the observations to the corresponding metropolitan area.

Additionally, I 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 I identify 18.5% of mortgages that correspond to first-time buyers (Table1). The details of

these data sources and calculations are provided in AppendixB.

Table1 provides descriptive statistics for mortgage rates and LTV ratios for all borrowers in

my sample. The average mortgage rate and LTV ratio in the sample are 4.2 and 77 percent, re-

spectively. Table2 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 of 4.3 and 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. Leti ∈ I index the set of mortgage borrowers and

consider that each borroweri is offered a different after-subsidy mortgage rateri(ti) and borrows

using an initial LTV ratioLTVi.22

Elasticities. I draw from available studies and use Lemma1 to 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. I denote withεS,p, j the price elasticity of house supply in metropolitan areaj. The estimated

values range from as low as 0.6 to as high as 12.1, and have a population-weighted average of 1.8.

The empirical literature suggests that the price elasticity of housing demand is close to−1, e.g.,

Rosen (1985) or Davis and Ortalo-Magne (2011). So I setεD,p = −1.

To calibrate the mortgage rate semielasticity of demand,ζD,r , I use the relationship of this

elasticity and the price elasticity of demand and the user cost established in Lemma1. The price

elasticity of demand was set to−1 and to estimate borrowers’ user cost I proceed as follows. The

21Second-lien mortgages have not been common after the financial crisis.
22In the model of section2 borrowers with identical preferences will choose different LTV ratios, if they borrow at

different mortgage ratesri(ti) or have different income levelsyi .
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mortgage data from McDash provides the mortgage rate for each borrower. The other terms of

the user cost, namelyδ − π in the model of section2, are calibrated assuming that they represent

all the non-mortgage rate components of the user cost, some of which I have abstracted away in

the model for simplicity. I follow Poterba (1992) and Himmelberg et al. (2005) and consider the

following additional component of the user cost:τy, the marginal income tax,τp, property taxes,

andφ the risk premium. Leti denote the nominal mortgage rate, which equals the real mortgage

rater plus the (expected) rate of inflationΠ. Then I can express the real user cost, accounting for

the deductibility of mortgage interest and property taxes, asr − τyi + (1− τy)τp + δ − π + φ. The

values for these parameters are set following Himmelberg et al. (2005):τy = 25%,Π = 2%, τp =

1.5%, δ = 2.5%, π = 1.8%, andφ = 2%. With a slight abuse of notation I denote the real user cost

by ri − τyii + δ − π , and I setδ − π = (1 − τy)τp + δ − π + φ = 3.8%. Considering my sample

average nominal mortgage rate of 4.2% and a 2% inflation, I obtain a real mortgage rate of 2.2%

and a subsidy from MID of about 100 basis points. These parameter values give a real user cost of

housing of 5%.

Lemma1 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

ζD,r,i =
εD,p(1− τy)

ri − τyii + δ − π
. (9)

This relationship can be used to compute the mortgage rate semielasticity of house demand

at the individual level. Table1 present descriptive statistics of my estimates for this elasticity.

The sample average equals−15.3, with individual estimates displaying significant heterogeneity

ranging from−41 to−5.

Finally, let γ be the housing expenditure share, which in the model corresponds to the rental

rate of housing over income, and letεD,y denote the income elasticity of house demand. Following

Poterba (1992) and Davis and Ortalo-Magne (2011) I setγ = 0.25, and following Poterba (1992) I

setεD,y = 0.75.

4 Estimates of the Effects of Eliminating MID

In this section, I present my estimates of the effects of eliminating mortgage interest deduc-

tions (MID) for 269 American metropolitan areas. I begin in section4.1 with a description

of how I measure the welfare effects (incidence and efficiency loss) of MID. As illustrated by

the results in section2, the welfare effects will depend on the effect of the MID on house

prices, so first I present estimates of the effect of eliminating MID on house prices for these
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regions (section4.2). Finally, I present the estimates of the incidence and efficiency losses

for these regions (section4.3). The estimates for the 269 metropolitan areas are available at

http://www.federalreserve.gov/econresdata/feds/2016/files/feds2016081data.csv.

4.1 Measurement of Welfare Effects

The characterization of the incidence and the efficiency 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 I generalize these results to measure the effects of

eliminating MID incorporating the relevant features of the data described in section3.

Under the assumption that the marginal tax rate isτy and that the household itemize, the effec-

tive MID can be expressed asτyii. 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, I as-

sume that the marginal tax rateτy = 25% for all households and that all households itemize their

deductions.

These assumptions will affect the estimated welfare effects. For the distributional effect of elim-

inating MID, I will attribute the negative effect of higher effective mortgage rates for all households

although non-itemizing buyers (homeowners) will only benefit (suffer) from lower house prices.

For the efficiency loss, I will overestimate the aggregate effect as for some households the elinina-

tion of MID will have no effect on effective mortgage rates. This bias goes against my result that

the aggregate efficiency gains from eliminating MID are small given the offset 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 the differences in nom-

inal mortgage rates. To handle this variation analytically I introduce the following notation. Let

ϕ ∈ [0,1] denote the fraction of mortgage interests that can be deducted, sori(ϕ) = ri−ϕτyii denote

the effective real mortgage rate when a fractionϕ of mortgage interests can be deducted. Then,

ϕ = 1 represents the current condition, where all mortgage interests can be deducted, whereas

ϕ = 0 represents the elimination of MID. In addition, I denote byΔri = ri(0) − ri(1) the change

in the mortgage rate (or any other variable) from the elimination of MID. Now I can present the

simple formulas for the effect of eliminating MID on house prices, incidence, and efficiency cost.

House price effects. In the data different regions display a different price elasticity of supply and

households (first-time buyers and owners) borrow using mortgage contracts with different charac-

teristics. I 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 j be the set of households in metropolitan regionj, andωi be household’si share of hous-

ing consumption in the region. The aggregate demand for housing is given by
∑

i∈I j
xi(p, ri(ti), yi).

Then, fully differentiating the house market clearing condition for regionj, with respect to the

mortgage rate, I obtain the following expression for the mortgage rate semielasticity of house

prices in regionj

ζp,r, j =

∑
i∈I j
ωiζD,r,i

εS,p, j − εD,p
. (10)

Similarly, I obtain that the effect on house prices in regionj from removing MID can be approxi-

mated by
Δpj

pj
≈

∑
i∈I j
ωiζD,r,iτyii

εS,p, j − εD,p
. (11)

In section4.2, I provide metropolitan level estimates of the mortgage rate semielasticity of

house prices using equation (10) and of the house price decline implied by the elimination of MID

using equation (11).

Incidence.One feature of the data is that house investments and mortgage borrowing extend over

many years. Here I describe the assumptions made to extend Proposition1 to a multiperiod setting.

First, I 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 their effective housing units represented byx in the model) and maintain the same

path for mortgage balances this move will have no effect on the incidence of mortgage subsidies.

Second, I 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 and pays off

her mortgage according to the schedule implied by the original fixed mortgage.23

Third, I assume that after the household pays off her 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 I cannot observe in the data. This assumption affects the estimates depending

on the future path of the housing stock and mortgage debt. For households that do not purchase

another house the effect of this assumption depends on the difference between the actual future sale

date versus the date when the mortgage is paid off. For households that remain in the house after

the mortgage debt was scheduled to be paid off, the harm from selling the house at a lower price is

front loaded making the estimated welfare effect of the subsidy worse for borrowers. In contrast,

if the house is sold before the mortgage termination date the adverse effect of 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 in effective mortgage rates considered in my calculations, making the welfare

estimates less beneficial for households.

I 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 only affects these households when they sell their house.

Let Ti 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, pjzj(Δpj/pj) for house producers,

ΔVi = ucpj xi

(

−φp(ri(1),Ti)
Δpj

pj
− φm(ri(1),Ti) LTVi

)

(12)

for household i in metropolitan area j, whereΔpj/pj < 0 is given by equation (11) and the price

and LTV multipliers are, respectively, given by

φp(ri(ϕ),Ti) =





1− (1− ri(1)− δ + π)Ti for first-time buyers

−(1− ri(1)− δ + π)Ti for homeowners

φm(ri(ϕ),Ti) =
τyii

12(1+ ri(ϕ))
11
12




1

(1+ ri(ϕ))
1
12 − 1

−
12Ti

(1+ ri(ϕ))
1
12

[
(1+ ri(ϕ))Ti − 1

]


 .

(13)

It follows that the welfare effect 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 higher effective mortgage rates, which depends on the LTV ratio at

origination. The magnitude of these two effects 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 (φp > 0) and is negative for homeowners (φp < 0), reflecting the differential

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 only affected negatively from the lower house

prices when they sell their houses in the future. Table3 presents descriptive statistics of the price
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and LTV multiplier for owners and buyers depending on their mortgage term.

Note that equation (12) makes the incidence on households comparable when they purchase

houses of different 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 section4.3, I use this equation to

provide estimates of the incidence of MID on homeowners and first-time homebuyers.

Efficiency Costs. To measure the efficiency losses I need to maintain some of the assumptions

made in section2.3. In particular, I consider the same two period framework and maintain the

assumption that house prices in period 1 are fixed. Given that the calculations of efficiency losses

abstract from distributional effects, I abstract from the distinction between owners and first-time

buyers. In fact, I 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, I relax other assumptions that are not needed to calculate the

efficiency cost in practice. First, I consider income effects in the demand for housing. Second, I

consider that MID are currently in place and calculate the reduction in the efficiency loss accruing

from eliminating this deduction. Finally, I consider that in each metropolitan region there are

heterogenous households who borrow using different mortgage rates and LTV ratios, as observed

in the data.

Letπ j(ϕ) be the profit of house producers in metro areaj when the fraction of mortgage interest

that can be deducted isϕ, let hj be the existing housing stock in metro areaj, and letti(ϕ) be the

period 0 mortage subsidy when a fractionϕ of mortgage interest can be deducted.24 Using this

notation the excess burden of eliminating the MID in metropolitan areaj can be expressed as

EBj(1,0) =
∑

i∈I j

ei
(
pj(0), ri(0), vi

)
− π j(0)− pj(0)hj

− ei
(
pj(1), ri(1), vi

)
+ π j(1)+ pj(1)hj + G

(
pj(0), rI j (0),0,eI j

(
pj(0), ri(0), vi

))
,

where variables with subscriptI j denote the vector of values for all householdsi in metro area

j, for instance,rI j = {ri}i∈I j ; andG
(
pj , rI j , ϕ, eI j (pj , ri , vi)

)
denote the government expenditure on

mortgage subsidies, equal to
∑

i∈I j
ti mi

(
pj , ri ,ei

(
pj , ri , vi

))
=

∑
i∈I j

ti m̂i
(
pj , ri , vi

)
, where the last

equality uses the identity between the uncompensated and compensated demand functions.

A second order Taylor approximation aroundϕ = 1 gives the Harberger triangle formula25

EBj(1,0) ≈
1
2

∑

i∈I j

[
m̂i

(
0
)
− m̂i

(
1
)][

ti(0)+ ti(1)
]
=

1
2

∑

i∈I j

Δm̂i ti(1) , (14)

24From the identityqi + ti(ϕ) = (1+ ri − ϕτyii)−1 it follows thatti(ϕ) = ϕτyii(1+ ri)−1(1+ ri − ϕτyii)−1.
25Note that Harberger’s trapezoid formula with preexisting MID turns into a triangle formula once I consider the

total elimination of MID.
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wherem̂i
(
ϕ
)
= m̂i

(
pj(ϕ), ri(ϕ), vi

)
is the compensated mortgage demand function.

To evaluate this formula in the data I use that the change in the compensated mortgage demand

can be approximated byΔm̂i ≈ m̂i(1)
[
ε̂M,p,i Δp̂j/pj + ζ̂M,r,i Δri

]
, whereΔp̂j/pj corresponds to

the decline in house prices in regionj, when 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 footnote19). In fact, combining these equations I obtain that ˆεM,p,i = εD,p/LTVi ,

as the income compensation for mortgage demand cancels with the effect of house prices on house

expenditure, and̂ζM,r,i =
[
ζD,r,i/LTVi + ri(ϕ)/(1+ ri(ϕ))

]
/(1+ ri(ϕ)) , where the last term collects the

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

It follows that

Δm̂i ≈ pj xi

[

(1+ ri(1))εD,p
Δp̂j

pj︸                 ︷︷                 ︸
house price effect

+

(

ζD,r,i −
ri(1)LTVi

1+ ri(1)

)

τyii
︸                       ︷︷                       ︸

mortgage rate effect

]

. (15)

That is, the distortion in the (compensated) mortgage demand can be expressed as the sum of

two effects. The house price effect, which reflects that as house prices decrease when the MID is

eliminated (Δp̂j < 0) the demand for mortgage debt increases (εD,p < 0). On the other hand, the

mortgage rate effect captures that as the effective mortgage rate increases, the demand for mortgage

debt declines (recall thatζD,r,i < 0). One important takeaway from decomposing the distortion of

mortgage demand into these two terms is that the house price effect—which is positive—attenuates

the distortion of mortgage rates in mortgage demand, which will reduce the efficiency loss brought

about by mortgage subsidies. In section4.3, I use equations (14) and (15) to provide estimates of

efficiency gains from eliminating MID.

4.2 Estimates of the Effect of Mortgage Rates on House Prices

Using the previously derived formulas together with the data described in section3, I can estimate

the sensitivity of house prices to mortgage rates in the 269 metropolitan areas being analyzed.

In fact, equations (10) and (11) provide, respectively, estimates for metropolitan areaj of the

mortgage rate semielasticity of house prices,ζp,r, j = 1/pj(dpj/dr), and of the decline in house

prices from the elimination of MID,Δpj/pj. These equations show that the effect of house prices

differs across metropolitan areas given differences in the price elasticity of supply,ζS,p, j, and the

(house-value-weighted) average mortgage rate semielasticity of demand,ζD,r, j =
∑

i∈I j
ωiζD,r,i .

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 (Table1).

In fact, the former has a (house-value-weighted) mean of 1.5 and a standard deviation of 0.9. In

25



contrast, the latter has a mean of−15.4 and a standard deviation of only 0.1.26 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 6.9%. Similarly, the estimated (house-value-weighted) average mortgage rate

semielasticity of house prices is−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 tax rateτy equals 25% and an average nominal

mortgage rate of 4.2% in my sample, the MID amount to a reduction in the effective mortgage

rate of about 1 percentage point. This semielasticiy of house prices ranges from−9.6 in Miami,

Florida, where the price elasticity of supply is 0.60, to−1.2 in Pine Bluff, Arizona, where the

supply elasticity is 12.2.

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

−15.4/(εS,p, j + 1). This expression corresponds to equation (11) assuming an effective decline in

mortgage rates of 1 percentage point, a mortgage-rate house demand semielasticity equal to the

average of−15.4 (Table4), and a price house demand elasticity equal to−1, as I have assumed.

This approximation works well given that the mortgage-rate house demand semielasticity varies

very little at the MSA level (Table4). Note that equation (11) approximates the log-difference of

house prices, which equals−15.4/(εS,p, j+1)Δr ≈ −15.4 exp(−εS,p, j)Δr, 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 pricesζp,r, j can be compared to

direct estimates from empirical studies. The empirical evidence is broadly in line with my average

estimate of−6.9. One strand of the literature studies the effect on house prices of changes in

mortgage rates, i.e., thepriceof mortgage credit. Glaeser, Gottlieb and Gyourko (2012) regress an

aggregate house price index of repeated sales against the 10-year Treasury bond rate and estimate a

house price semielasticity to this interest rate of−6.8, 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 the effect of lower mortgage rates on house prices. They estimate a house

price semielasticity to mortgage rates between−9.1 and−1.2.27 In a related study, Kung (2015)

26The household-weighted average supply elasticity is 1.74 in my sample, in line with the household-weighted
average reported by Saiz (2010) of 1.75.

27It 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 I 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 will affect a property and estimates a value of−6 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 about−19. 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, formula10 imply a value closer to the estimates of

these authors.

Another strand of the literature studies the effect on house prices of thequantity 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 between 0.2 and 0.33. Anenberg et

al. (2016) construct an instrument for the supply of credit based on a measure of credit availability

and estimate an elasticity of 0.9. Using my notation this elasticity, at a given metropolitan areaj,

can be expressed asεp,M, j, and it equals to the ratio of the mortgage rate semielasticity of house

prices,ζp,r, j, to the average mortgage rate semielasticity of mortgage demand,ζM,r, j. Using the

data described above, I can compute this elasticity for each metropolitan area. In line with these

empirical studies, the (house-value-weighted) average of this elasticity is 0.3 (Table4).

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 price effects used in the welfare calculations described next.

4.3 Estimates of the Welfare Effects of Eliminating MID

I use the information described in section3 comprising 17.5 million mortgages originated in 2010-

2015 to measure the distributional effect of mortgage subsidies—its economic incidence—and the

efficiency gains from eliminating MID—the size of the negative deadweight loss.

Incidence. As described in Proposition3 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 section4.2.

Proposition3 also describes how the elimination of MID will affect 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. Table5 presents my estimates for the incidence of eliminating MID on households’ wel-

considered in their analysis. In contrast, I 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 equal to−8.1.
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fare. I consider the incidence measured as a percent of the house value, the term in parenthesis in

equation (12),−φp,i pj/Δpj−φm,i LTVi , to make these measures comparable across households. Ta-

ble5 reports separately for homeowners and homebuyers the average incidence by mortgage term.

The last three columns of the table present the estimates of the effect of only higher mortgage rates

caused by the elimination of MID, assuming no change in house prices. Higher effective 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 mortgage effectively increases leverage, as captured by the increase in the

LTV multiplier (Table3) and that LTV ratios and mortgage terms are positively related (Table2).

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 (Table2). Moreover, 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 Table5 presents the estimated incidence on households when both

higher effective 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. The effect 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 11.5% 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 $320,000 these correspond to a

loss of $36,800 for homeowners and a loss of $27,200 for homebuyers.

Given the differential response of house prices and households’ characteristics the average

incidence is estimated to vary across regions. Figure4 depicts 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 larger effect on 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. I estimate that on average homebuyers welfare decline by 12.6% of 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 only 3.8% of the value of the house, representing

dollar losses of 40,320 and 12,160 for a 320,000 dollar house, respectively.

Another way to look at the regional variation of the effect of the elimination of MID is by taking

the average incidence for first-time buyers by state. Figure6 presents 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 adverse effect for homebuyers of the elimination

of MID, and the interior states displaying the largest adverse effect from the elimination of this

subsidy.

For first-time buyers, the benefit from lower house prices can more than offset the loss from

higher effective mortgage rate, upon the elimination of MID, as reflected by the positive estimates

reported in Table5 for the maximum of the incidence on first-time buyers. My estimates imply

that slightly more than 42,000 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 the efficiency loss generated by MID is proportional to

the distortion generated on the (compensated) demand for mortgage debt (equation (14)). Table6

presents the contribution of the change in house prices and effective mortgage rates to the change in

this demand. The elimination of MID, on average, will increase effective mortgage rates by about

one percentage point. This increase in effective mortgage rates is estimated todirectly reduce

the demand for mortgage debt by 15.7% of the (current) house value. Moreover, the increase in

effective mortgage ratesindirectly increase the demand for mortgage debt by 5.8% of the (current)

house value, as higher effective mortgage rates lower house prices. In fact, I estimate that the

elimination of MID causes a decline in house prices of 5.7%, on average over households, when

the compensated responses of house demand are considered.28 Table6 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 by 9.9%. The upshot is that the

demand for mortgage debt is distorted about 40% less due to the offset coming from the decline

in house prices, or in other words, absent the offseting effect of house prices the the distortion and

efficiency gain will be almost 60% larger than the estimates I obtain.

28The estimated price decline is lower when the income compensations are taken into account—compare 5.7%
decline with a household-weighted average decline in house prices of 6.3% for the estimates reported in section4.2.
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 increase in effective 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 former effect dominates and house prices drop
less when income compensations are accounted for.
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Table7 presents descriptive statistics for the efficiency costs for first-time buyers and home-

owners by mortgage term. The first three columns present estimates of the efficiency loss as basis

points of the house value. The elimination of MID is estimated to create average efficiency 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 estimated to be 9.9%

of the house value and the latter estimated to be roughly 100 basis points. These values imply an

average efficiency gain of about 5 basis points of the house value. The last three columns of Table

7 present the estimated average dollar value of the efficiency losses from eliminating MID (nega-

tive values correspond to efficiency gains). The average efficiency gain is about $150 dollars per

household, ranging from gains of $82,600 to losses of $10. Households who increase their (com-

pensated) demand for mortgage debt in response to the elimination of MID contribute to efficiency

losses. This is the case for households who are currently borrowing at very low mortgage rates so

the effective increase in mortgage rates from eliminating MID is small in percentage points and

for who the effect of lower house prices determines the direction of the response of mortgage debt.

Total efficiency gains, for my sample of 17.5 million mortgages, add up to $2.6 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 efficiency gains from the elimination of MID would be a modest $7.3 billion.

5 Conclusion

In this paper, I argue that the welfare evaluation of mortgage subsidies needs to account for the ef-

fects onboththe effective mortgage rate and house prices. Using the sufficient 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. Lemma1 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, I obtain individual level estimates of the mortgage rate house demand semielasticity,

which allows me to characterize the house demand response to changes in effective mortgage rates.

This characterization enables me to derive a sufficient statistic formula for the effect of effec-

tive mortgage rates on house prices. I use this formula to provide estimates of the mortgage rate

semielasticity of house prices for 269 different metropolitan areas. The average of these estimates

are broadly in line with direct estimates from empirical studies (Section4.2).
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I describe the incidence, or distributional impact, of these subsidies as a function of reduced-

form sufficient 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 effect of the subsidy through house prices, which affect differentially first-time home-

buyers and homeowners. Both type of households are helped by lower effective mortgage rates but

buyers are hurt by higher house prices, whereas owners also benefit from higher prices. Using my

formulas, I provide new estimates of the effect of eliminating mortgage-interest deductions (MID)

across 269 U.S. metropolitan areas. I estimate that on average households will lose the equivalent

of 10.9% of the value of the house, with homeowners losing 11.5% and homebuyers loosing 8.5%.

For an average home value of $320,000 this discrepancy in the effect between owners and buyers

corresponds to $9,600 in present value. In addition, the spillover of mortgage subsidies into house

prices introduces interesting regional variation through the differential 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 only 3.8% of the house

value, compared to buyers in Alexandria, Louisiana, where the supply is more elastic and buyers

loose as much as 12.6% of the house value. Considering the average house value in my sample

of $320,000, these estimates imply that homebuyers in regions with elastic house supply lose in

present value $28,160 more than their peers in more supply inelastic areas. These differences are

economically significant.

Moreover, I show that the efficiency 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. The offsetting effect 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 reduces the efficiency 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 overall effect of mortgage subsidies on the incentive to own versus to rent is

thus ambiguous. The available research on the effect of MID on homeownership rates suggests that

the overall effect 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 I 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 the effect 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 have afixedtax 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 mortgage.29 This 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 more affordable 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 sufficient 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(t) = u(x, c) − uc(1+ r(t))[px− y− (q+ t)m] − uc[c− (1− δ + π)px+ m] ,

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

dV
dt

= −uc
dr(t)
dt

[px− y− (q+ t)m] − uc(1+ r(t))

[
dp(t)

dt
x−

(
dq(t)

dt
+ 1

)

m

]

+ uc(1− δ + π)
dp(t)

dt
x

= ucpx

(

−
1
p

dp(t)
dt

[r(t) + δ − π] + (1+ r(t))2LTV

)

,

where I used thatdq/dt = 0 if r = r f +ρ, px−y−(q+ t)m= 0 , 1+r(t) = 1/(q+ t) , andLTV = (q+ t)m/(px) .
Moreover, sincedr/dt = −(1+ r(t))2, applying the Chain Rule I get

dV
dt

= ucpx(1+ r(t))2
(
1
p
∂p
∂r

[r(t) + δ − π] + LTV

)

Since home owners sell all their endowment of housing so the incidence on them equals−(1 +

r(t))2h ∂p/∂r. Similarly, applying the Envelope Theorem to the profit maximization of house producers,
I get that the incidence on these agents equals−(1+ r(t))2z∂p/∂r.

On the other hand, implicit differentiation of equation (2) yields

dS(p)
dp

dp(t)
dt

=
∂D(p(t), r(t))

∂p
dp(t)

dt
+
∂D(p(t), r(t))

∂r
dr(t)
dt
.

By the Chain Rule (∂p/∂r)(dr/dt) = dp/dt. Substituting fordp/dt in the expression above, multiplying by
p/D, and rearranging I get

1
p
∂p
∂r

= ζp,r =
ζD,p

εS,p − εD,p
< 0 .

Proof of Proposition 2: By definition the excess burden of a mortgage subsidyt is given by

EB(t) = e(p(t), r(t), v) − π(t) − e(p(0), rM(0), v) + π(0)− (p(t) − p(0))h+ G(p(t), r(t), t,e(p(t), r(t), v)) .

In order to approximate the excess burden with a second order Taylor polynomial I 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 I get

de(t)
dt

=
dp(t)

dt
x−m ,

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 I get
dπ(t)/dt = z dp(t)/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, I get

dG(p(t), r(t), t, y)
dt

= m(p(t), r(t), y) + t
dm(p(t), r(t), y)

dt

Therefore,
dEB(t)

dt
= t

dm(p(t), r(t), y)
dt

,

where I used thatx = z+ h in equilibrium.
Taking second derivatives,

d2EB(t)
dt2

=
dm(p(t), r(t), y)

dt
+ t

d2m(p(t), r(t), y)
dt2

.

Ignoring the curvature terms and using a second order Taylor approximation I get

EB(t) ≈
dEB(0)

dt
t +

1
2

d2EB(0)
dt2

t2 =
1
2

dm(p(0), r(0), y)
dt

t2 =
1
2
Δm t ,

where I used thatdm/dtΔt = Δm, with Δt = t − 0 andΔm = m(t) − m(0) . On the other hand, from the
household budget constraintm(p(t), r(t), y) = p(t)x(p(t), r(t), y) − y− T so

EB(t) ≈
1
2

dm
dt

t2 = −
1
2

(1+ r(t))2px
(
ζp,r + ζD,r + εD,pζp,r

)
t2

Proof of Proposition 3:
Let a tilde denote the monthly counterpart of variables. That is, letT̃i = 12Ti , let r̃ i(ϕ) be the monthly

mortgage rate with (1+ r̃ i(ϕ))12 = 1+ ri(ϕ), and so on. Then I can wrote the problem of a first-time buyer as

maxu(xi , ci0, . . . , ciT̃i
)

s.t. pj0xi + ci0 + T0 ≤ yi0 + mi0

ci1 + (1+ r̃ i(ϕ))mi0 + T1 ≤ yi1 + mi1

...

ciT̃i
+ (1+ r̃ i(ϕ))mi,T̃i−1 + TT̃i

≤ yiT̃i
+ pjT̃i

(1− δ̃ + π̃)T̃i xi

Let λt be the Lagrange multiplier of the budget constraint in periodt, then from the FOC with respect to
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mortgage debt it follows thatλt = λt+1(1+ r̃ i(ϕ)). From where it follows that

λt = (1+ r̃ i(ϕ))
−tλ0 . (A.1)

On the other hand, the Envelope Theorem imply that

dVi(ϕ)
dϕ

= −λ0
dpj0(ϕ)

dϕ
xi −

T̃i∑

t=1

λtmi,t−1
dr̃i(ϕ)

dϕ
+ λT̃i

(1− δ̃ + π̃)T̃i
dpjT̃i

(ϕ)

dϕ
xi

In addition, by assumption a permanent increase inϕ imply that dpj0/dϕ = dpjT̃i
/dϕ ≡ dpj/dϕ. This

relationship together with equation (A.1) and that the mortgage unpaid balancemit for a fixed mortgage
with monthly paymenta and termT̃i is given by

mit =
a

r̃i(ϕ)

(

1−
1

(1+ r̃ i(ϕ))T̃i−t

)

,

allow me to rewrite the incidence as

dVi(ϕ)
dϕ

= −λ0


1−

(1− δ̃ + π̃)T̃i

(1+ r̃ i(ϕ))T̃i




dpj(ϕ)

dϕ
xi

− λ0mi0




1

(1+ ri(ϕ))
1
12 − 1

−
12Ti

(1+ ri(ϕ))
1
12

[
(1+ ri(ϕ))Ti − 1

]




dr̃i(ϕ)
dϕ

Using that (1− δ̃+ π̃)T̃i/(1+ r̃ i(ϕ))T̃i ≈ (1− ri(ϕ)− δ+ π)Ti and thatdr̃i(ϕ)/dϕ = −τyii I obtain equation (12).
On the other hand, for homeowners everything is the same except for the period 0 budget constraint,

which will be given by
pj0xi + ci0 + T0 ≤ yi0 + mi0 + pj0hi ,

wherehi is the house endowment of homeowners. By assumptionxi = hi so the term representing the effect
of house prices in period 0 goes away and I obtain equation (12).

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 2010-2015 (TableB.1).

To identify first time home buyers I use CRISM, which matches credit bureau data with mortgage infor-
mation. Equifax uses a proprietary and confidential algorithm to match mortgage data from McDash/LPS
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 0 (no match) to 0.9 (close to perfect match). I restrict the sample to match scores of 0.8 and 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 Observations(millions)

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 I 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_lrg_opendt’), second largest first mortgage (‘fm_2lrg_opendt’), largest closed-end second
(‘ces_lrg_opendt’), second largest closed-end second (‘ces_2lrg_opendt’), largest home equity line of credit
(‘heloc_lrg_opendt’), and second largest home equity line of credit (‘heloc_2lrg_opendt’).

Mortgages from LPS are assigned to MSA/NECMA divisions using ZIP codes. I 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 MSA/NECMA divisions using 1999 codes, I 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,i i (percent) 4.16 0.63 0.001 18.00
Effective mortgage rate,ri − τyii (percent) 1.12 0.47 -2.00 11.50
User cost (percent) 4.9 0.5 1.8 15.3
Mortgage-rate demand semielasticity,ζD,r,i -15.3 1.5 -41.1 -4.9
LTV ratio (percent) 77.2 21.3 0.0 150.0
Mortgage term,Ti (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 Ratio(percent)
(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 the coefficients that multiply the price effects and the mortgage
rate effect (LTV) in the expression for the incidence on first-time buyers and homeowerns in Proposition3.
Author’s calculations based on McDash Analytics and Equifax Credit Risk Insight Servicing.

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

Description Mean(1) Std.Dev.(1) Min Max

Price house supply elasticity,εS,p, j (Saiz, 2010) 1.49 0.90 0.60 12.15
Mortgage rate house demand semielasticity,ζD,r, j -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,ζp,r, j -6.85 1.94 -9.60 -1.18
House price change elimination MID,Δpj/pj (percent) -6.93 1.97 -9.83 -1.18
Comp. price change elimination MID,Δp̂j/pj (percent) -6.33 2.04 -9.24 -0.96
Credit house price elasticity,εp,M, j 0.30 0.07 0.06 0.44
Average incidence (percent of house value) -10.3 0.7 -12.0 -8.6
Total dollar value of incidence to households (millions) -12,834 11,569 -39,358 -24
Average efficiency loss (basis points of house value) -4.6 1.0 -7.3 -3.2
Total dollar value of efficiency loss (millions) -52.1 44.3 -162.0 -0.1

Notes:(1)Total 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 house value)

(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 price effects and lower mortgage rates. See Proposition3 for 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 effect Mortgage rate effect Total effect
Term (percent of house value) (percent house value) (percent house value)

(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 -18.9 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 3.4

Notes: See equation (15) for details. Author’s calculations based on McDash Analytics, Equifax Credit Risk
Insight Servicing and Saiz (2010).
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Table 7: Efficiency Loss from Mortgage Subsidies for Buyers and Owners by Mortgage Term.

Term Basis points of house value Dollar value
(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 -5.5 -22.6 -1.1 -139 -36,727 -7
30 -5.2 -30.9 0.2 -157 -75,790 13
Buyers -5.4 -20.3 0.2 -103 -78,053 12
10 -4.1 -18.5 -0.4 -86 -1,245 -1
15 -4.2 -20.3 -0.5 -97 -41,317 -4
20 -5.3 -19.1 -1.7 -116 -13,597 -5
25 -5.7 -10.7 -1.9 -94 -740 -10
30 -5.5 -20.3 0.2 -103 -78,053 12
All -5.1 -32.6 0.2 -148 -82,599 10

Notes: See equation (14) 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: Efficiency Cost of Mortgage Subsidies in Mortgage and Housing Markets.
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Figure 3: House Price Effect of Eliminating MID by Metropolitan Area.
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Notes: Estimates corresponds to the estimated values using equation (11). The approximation corresponds to
−15.4/(εS,p, j + 1), whereεS,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 value,−φp,i pj/Δpj − φm,i LTVi , equation (12).
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

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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