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Abstract

We investigate whether borrowers with higher lifetime inflation experiences overvalue

fixed-rate mortgages relative to available adjustable-rate options, as predicted by the

experience-effect hypothesis. We estimate that every additional percentage point of ex-

perienced inflation increases a borrower’s willingness to pay for a fixed-rate mortgage by

between 6 and 21 basis points of the FRM contract rate, as compared to an adjustable-

rate mortgage. This experience effect has a major impact on the product mix of FRMs

versus ARMs: nearly one in six households would switch to an ARM if not for the impact

of inflation experiences. Simulations of counterfactual mortgage payments suggest that

households who would otherwise have switched pay approximately $9,000 in year-2000,

after-tax dollars for the embedded inflation insurance of the FRM, if they hold the contract

for ten years, implying significant welfare consequences.
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1 Introduction

Whether to buy a home and how to finance the purchase is one of the biggest financial

decisions for many households. The dominant contract type in the United States is a 30-

year, level-payment, self-amortizing, fixed-rate mortgage (FRM). Since 1982 banks also origi-

nate adjustable-rate mortgages (ARMs), whose interest rates reset periodically. Despite their

greater liquidity on secondary mortgage markets, FRMs are priced at a premium over ARMs,

on average 170 basis points over equivalent-risk and -term ARMs between 1984 and 2013.1

The premium reflects, at least in part, that FRMs provide insurance against nominal interest

rate fluctuations.

In this paper, we investigate another determinant of the demand for FRMs. We ask to what

extent individuals’ lifetime experience of inflation affects their choice of mortgage financing.

A growing literature on experience-based belief formation in macroeconomics and finance

suggests that individuals overweight their lifetime experiences relative to the optimal Bayesian

scheme. Building on the notion of availability bias proposed by Tversky and Kahneman

(1974), this literature posits that outcomes that occurred during one’s lifetime are more easily

accessible when forming beliefs and, as a result, receive extra weight compared to outcomes

an individual is merely informed about or reads about. For example, Alesina and Fuchs-

Schundeln (2007) relate the personal experience of living in (communist) Eastern Germany

to political attitudes post-reunification. Weber et al. (1993) and Hertwig et al. (2004) show

how doctors’ experience affect their future diagnoses. In the realm of finance, Malmendier

and Nagel (2011) show that stock-market experiences predict future willingness to invest in

the stock market, and Kaustia and Knüpfer (2008) argue the same for IPO experiences. Most

related to our question, Malmendier and Nagel (2013) show that past inflation experiences

strongly affect beliefs about future inflation.

Experience-bias in inflation expectations has direct implications for the choice of mortgage

contract. If individuals overweight lifetime inflation experiences, their experience drives a

wedge between their and others’ assessment of the value of fixed-rate assets. Those with

higher lifetime experiences of inflation will overvalue and overpay for fixed-rate mortgage

1Calculations based on Freddie Mac’s Primary Mortgage Market Survey.

1



contracts relative to the full-information optimum. A fixed nominal-rate liability with the

option to refinance provides protection against future increases in inflation, which individuals

with high lifetime-inflation experience value more highly than others.

To give a concrete example, consider young borrowers coming of age during the 1970s.

These cohorts have recently experienced a period of high inflation, and they do not have per-

sonal memory of earlier periods of lower inflation. If this high experienced inflation translates

into a forecast of high future inflation, then these borrowers will be willing to pay more for

protection against inflation. The testable prediction is that mortgagors who belong to younger

cohorts in the 1980s should be more likely to choose fixed-rate mortgages, while younger mort-

gagors in the 1990s who came of age after the Volcker Fed tamed inflation should behave more

like older cohorts who came of age prior to the Great Inflation.

We assess the implications of experience-based beliefs about future inflation for the con-

tract choice of residential mortgage borrowers. We estimate their willingness to pay for the

inflation protection embedded in FRMs and simulate the payoff consequences.

We turn to a data set that has not been explored in the context of this set of questions,

the Census Bureau’s Residential Finance Survey (RFS) from 1991 and 2001, to test the

experience-effect predictions for mortgage choice. The data are unique in that they survey

both the household and the lender, so we have access to both demographic information and

mortgage contract terms in the two cross sections.

First, we calculate the structural coefficients of a mortgage choice model. We use a

semiparametric selection correction procedure to predict actual and counterfactual interest

rates on fixed-rate and variable-rate mortgage alternatives, adjusted for factors associated with

risk and risk preferences such as age, income, urban vs. rural, and mortgage seniority. We

use these selection-corrected predictions to estimate the structural parameters of a mortgage

choice equation. We find that individuals with higher recent inflation experiences are more

likely to choose the fixed-rate alternative, even after controlling for the economic environment

at the time of origination via origination year fixed effects. Specifically, consumers are willing

to pay between 6 and 21 basis points of interest, ex ante, for each additional percentage point

of experienced inflation, compared to other individuals in the same origination year. This
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behavior is consistent with the hypothesized experience-effect model, under which borrowers

overweight inflation experiences. The estimates also provide an ex-ante indicator of welfare

loss due to experienced inflation.

With pairs of interest rates for both the chosen and the non-chosen alternative in hand,

we use the structural coefficient on experienced inflation to simulate how much more likely

individuals are to choose FRMs and how much more they are willing to pay for FRMs due

to their individual inflation experiences, controlling for the full information set available to

all mortgagors in the origination year and given the actual future path of mortgage interest

rates.

Our simulations show that between 15 and 20% of households in the population – approx-

imately one in six households – were close enough to indifferent between the two alternatives

that we can attribute their choice of an FRM to overweighting of lifetime inflation experi-

ences. For these households, we simulate how much interest each individual actually paid

and how much they would have paid, ex post, under two standardized contracts: a 30-year

fully amortizing FRM, and a 30-year 1/1 ARM without caps indexed to the 1-year Treasury.

We calculate the dollar cost of experience bias as the excess amount of interest paid which

is attributable to the individual’s experienced inflation coefficient in the structural choice

equation.

We estimate that, among these households, the bias costs the typical household approxi-

mately $9,000 over a ten-year holding period in after-tax, present value terms. These losses

are concentrated among young borrowers taking out mortgages in the mid-1980s and rise

with the holding period. For example, we estimate that the present discounted value of ex-

cess mortgage interest payments for switching households taking out a mortgage in 1986 was

approximately $19,000 after-tax through 2013 (the most recent year for which we have inter-

est rate data), which accounts for nearly the entire lifetime of a standard 30-year mortgage

contract. This estimate accounts for typical household refinancing behavior when FRM rates

fall. The after-tax cost could be as low as $17,000 if the households refinanced optimally, and

as high as $29,000 if they do not refinance at all. In all cases, the ex-post estimates imply the

potential of significant welfare loss due to experienced inflation.
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Our findings contribute to the growing literature on non-standard belief formation and,

specifically, experience-based learning in two ways. First, we are the first to provide structural

estimates of mortgage choices and their payoff consequences. We hope that our results provide

a first stepping stone towards more complete welfare estimations. Second, we deepen the

understanding of the role of experience-based inflation expectations for real-estate investment

and financing decisions, providing quantitative estimates of the economic magnitude.

Our paper builds on the growing literature pointing to the importance of experience ef-

fects. For example, Malmendier and Nagel (2011) show that people who live through different

stock-market histories differ in their level of risk-taking in the stock market. They find that

individuals who have experienced low stock-market returns report lower willingness to take

financial risk, are less likely to participate in the stock market, invest a lower fraction of their

liquid assets in stocks if they participate, and are more pessimistic about future stock returns.

Malmendier and Shen (2015) show that individual experiences of macroeconomic unemploy-

ment conditions strongly affect consumption behavior — households who have experienced

higher unemployment rates during their lifetime spend significantly less and are more likely

to use coupons and allocate expenditure toward lower-end products. Malmendier and Nagel

(2013) are able to show that experience effects work through the channel of beliefs. In the

context of inflation expectations, they show that differences in lifetime experiences of inflation

strongly predict differences in individuals’ subjective inflation expectations. They also find

that, in the Survey of Consumer Finance, outstanding mortgage balance is strongly related

to lifetime experiences of inflation, but the results on type of mortgage are weak or insignif-

icant, likely due to data limitations. Malmendier and Steiny (2015) apply the same logic to

cross-country differences in mortgage borrowing across Europe.

Empirical findings from these papers form the foundation for our model on learning from

experience effects. A more formal treatment of the underlying theory can be found in Mal-

mendier et al. (2015), who illustrate the experience-effect mechanism in a simple OLG model

with experience-based learners.

A second strand of literature we build on is the extensive research on consumer welfare in

the context of residential mortgage choice. Prior to the introduction of ARMs, Kearl (1979),

Baesel and Biger (1980), and Alm and Follain (1982) discussed the possibility that inflation
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expectations might distort housing decisions. The empirical literature on residential mortgage

choice expanded significantly after regulators permitted the use of the ARM in the early 1980s,

including Dhillon et al. (1987), Brueckner and Follain (1988), and Sa-Aadu and Sirmans

(1995). Follain (1990) provides an overview of this literature. Brueckner (1992) and Stanton

and Wallace (1998) emphasize the importance of household mobility in the decision problem.

More recently, Campbell and Cocco (2003) and Campbell and Cocco (2015) analyze the

choice between FRMs and ARMs in a lifecycle consumption model with borrowing constraints.

They find that most households should prefer an ARM, particularly younger households and

households with higher rates of mobility, but highly levered households and households with

volatile labor income should prefer FRMs. Chambers et al. (2009) solve a general-equilibrium

model, focusing on the impact of payment structure on mortgage choice and homeownership

rates for different types of FRMs. Finally, Koijen et al. (2009) investigate the formation of

household expectations about future mortgage rates and its implications for mortgage choice.

For a recent overview of the state of mortgage research and its intersections with other fields

of economics, see Campbell (2013).

The remainder of the paper proceeds as follows. In Section 2, we discuss the data used

and provide more insitutional background. We then discuss the choice model and present

our estimates of the structural choice equations in 3 go into more detail about our econo-

metric methodology. In Section 4, we discuss how we simulate actual and counterfactual

mortgage payments, and then assess the ex post welfare consequences of experienced inflation

on mortgage choice. Section 5 concludes.

2 Data

The choice of how to finance housing is a major financial decision for a typical U.S. household,

with important consequences for lifetime saving and consumption patterns. The 30-year,

level-payment, self-amortizing, fixed-rate mortgage (FRM), has on average commanded an

80% market share in the United States over recent decades (see Figure 1, discussed below).

Its popularity was encouraged by the Congress’s establishment of Fannie Mae in 1938 and

Freddie Mac in 1970. Their mission was to purchase long-term fixed-rate mortgages from
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banks which might otherwise face duration risk from holding these assets. Following the onset

of the S&L crisis, the Garn-St. Germain Depository Institutions Act of 1982 allowed banks

to originate adjustable-rate mortgages (ARMs). A typical ARM contract also self-amortizes

over a long-term period such as 30 years, but the interest rate resets periodically according

to a prespecified margin over an index, typically a one-year Treasury or a district cost-of-

funds index. As a result, the monthly payments may vary from year to year. More exotic

mortgage types became popular in the housing boom period of the 2000s – including “hybrid

ARMs” whose interest rates are initially fixed but then become variable, and “interest-only”

mortgages in which no principal is paid in early periods to keep initial payments low. Most of

the analysis below will focus on the dominant contract types, FRMs and ARMs, with some

comparison to mortgages with balloon payments.

Figure 1 shows the time-series pattern of mortgage contract choice, and its correlation

with the FRM-ARM spread, based on data for outstanding residential mortgages in 1991 and

2001 collected by the Census Bureau. Despite their greater liquidity on secondary mortgage

markets, FRMs are priced at a premium over ARMs, in part because they provide insurance

against nominal interest rate fluctuations. Freddie Mac’s Primary Mortgage Market Survey

reports that FRMs carried an average premium of 170 basis points over equivalent credit risk

and term ARMs between 1984 and 2013, with the annual average spread fluctuating between

a low of 34 basis points (in 2009) and a high of 302 basis points (in 1994) over this time period

(S.D. = 67 basis points).

To calculate lifetime experiences of inflation, we use annual CPI-U data. We calculate

experienced inflation πes,t in year t for individuals belonging to the cohort born in year s

building on the experience effects estimated in Malmendier and Nagel (2013). Using individ-

uals’ self-reported inflation expectations in the Michigan Survey of Consumers, Malmendier

and Nagel (2013) show that households’ lifetime experiences of inflation significantly affect

their inflation expectations. While the most recent years obtain the highest weight, inflation

experiences early in one’s life still obtain significant consideration, following approximately
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the following linearly increasing pattern (if starting from the birth year):

πes,t ≡
t∑

k=s

k − s∑t
j=s(j − s)

· πk (1)

This formula places the highest weight on the most recent observation, and zero weight on

observations prior to an individual’s birth, and connects those endpoints linearly.

As a first rough cut at the relationship between lifetime experiences and choice of mortgage

financing, we plot experienced inflation and mortgage product choice in 1985-1991 and 1995-

2001 for young versus individuals, using the median mortgagor age in our data, 40, to split

the cohorts. As Figure 2 shows, younger cohorts experienced higher rates of inflation in the

late 1980s, and were more likely to choose fixed-rate products than older cohorts. In the late

1990s experienced inflation across younger and older cohorts converged; at the same time,

mortgage product choice also converged.

Our main source of individual-level data on mortgage financing and demographics is the

Residential Finance Survey (RFS), which the Census Bureau used to conduct the year after

each Census year.2 The unique features of RFS is that it consists of two cross-referenced

surveys, one to households and one to their mortgage lenders. The household arm of the

survey provides household demographic and income data, while the lender arm provides the

terms of any outstanding loans secured by the property. The sample is drawn from the Census

roster of households, so there is a tendency to miss households that have recently moved. The

sample scheme oversamples multi-unit properties, particularly rental properties with 5+ units,

but it is otherwise designed to be representative of the stock of outstanding mortgages in the

preceding Census year. We obtain microdata on the mortgages linked to owner-occupied 1-4

unit properties from the 1991 and 2001 waves of the RFS. Since the sample is of outstanding

mortgages, we are missing mortgages that were refinanced, prepaid, or defaulted upon prior

to the survey year. To minimize these issues and approximate a flow dataset of mortgage

choice situations, we restrict the sample to mortgages which were taken out no more than

six years prior to the survey year (1985-1991 and 1995-2001, respectively).3 For households

2The RFS was unfortunately discontinued prior to the 2010 Census.
3In the 1991 survey, origination years are only reported in intervals: 1985-86, 1987-88, and 1989-91.
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with multiple members, we use the age of the self-identified primary owner. Total household

income in the survey year is imputed back to the origination year by the peak-to-peak log

growth rate in U.S. nominal median household income over 1980-2001 from CPS Historical

Table H-6 (approximately 4.14% annually).

The RFS consistently defines three types of mortgage products across both survey waves:

the aforementioned FRM and ARM alternatives, and balloon mortgages. This third alter-

native features level payments over the life of the loan which are not fully amortizing, so a

large lump or “balloon” payment of the remaining principal is due at maturity, usually after

7-10 years. Balloon mortgages are designed to attract borrowers who would not otherwise

qualify for a fully-amortizing product. Balloon mortgages offer lower monthly payments and

the borrower may be able to refinance upon maturity if his situation has improved, but they

carry greater risk as the borrower will have to default if he cannot refinance and cannot afford

the balloon payment (MacDonald and Holloway 1996).

Borrower attributes are summarized by mortgage product choice in Table 1. Borrowers

choosing ARMs tend to have higher income and are less likely to be first-time homeowners.

Experienced inflation for both groups is higher than contemporaneous (actual) inflation; for

borrowers choosing an FRM, πe−π = 4.77−3.38 = 1.39 percentage points, while for borrowers

choosing an ARM, πe − π = 4.81 − 3.47 = 1.34 percentage points. Borrowers choosing an

FRM thus have a larger gap between experienced and contemporaneous inflation than do

borrowers choosing an ARM.

3 Mortgage Choice

3.1 Estimation Methodology

First, we test whether higher inflation experiences tilt households’ choice of mortgage financing

towards fixed-rate contracts. We use the RFS data to estimate a McFadden-style model of

residential mortgage choice. The model specifies that a household in choice situation n derives

utility Uni = x′niβ + εni from alternative i ∈ {FRM, ARM, Balloon}. Alternative i is chosen

if Uni > Unj for all j 6= i. By assuming that attribute characteristics that are not observed by

the econometrician, εni, follow a Type I extreme value distribution, Marley (cited by Luce and
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Suppes 1965) and McFadden (1974) showed that choice probabilities may be described by a

logit formula whose likelihood function is globally concave, so the appropriately-standardized

utility parameters can be easily estimated by maximum likelihood.4

Theoretically, the mortgage payment structure preferred by a household depends on a

host of demographics and proxies for risk attitudes, including age and mobility, current and

expected future income, risk aversion, and beliefs about future short-term interest rates (see,

among others, Stanton and Wallace 1998, Campbell and Cocco 2003, Chambers et al. 2009,

and Koijen et al. 2009). In terms of observable components of the utility an individual

derives from alternative i, our estimation will focus on the interest rate of that alternative,

the borrower’s income, and the borrower’s age. The explanatory variable of interest will be

the borrower’s lifetime experienced inflation. Writing this down in indirect utility terms, we

obtain the following estimation equation (with the error term capturing any unobservables):

Uni = αit + βRRateni + βπ,iπ
e
n + βInc,iIncomen + fi(Agen) + εni (2)

Note that we include alternative-specific year fixed effects αit, which control for the overall

(un-)desirability of a given alternative in a given year. Hence, the fixed effects capture the

rational-expectations forecast about the economic environment which should be common to all

households at any point in time. They are also essential for the interpretation of our coefficient

of interest. In the presence of year fixed effects, a borrower’s lifetime inflation experiences

should not matter, unless there is a correspondence between those experiences and borrower

beliefs which differ from the baseline rational-expectations forecast. Specifically, we predict

that βR < 0 and the experience-effect hypothesis implies βπ,FRM > 0. (Only differences

in utility affect choice probabilities, so we normalize β·,ARM ≡ 0 for all sociodemographic

characteristics, including experienced inflation.)

There are two issues with estimating this choice problem. First, the interest rates of the

non-chosen alternatives are not observed. Imputation-based methods are available to deal

with the missing-data issue. All of these methods estimate, to one degree or another, the cor-

relations between observed borrower characteristics and interest rates using the subsample of

4Neither the location nor the scale of utility are identified, so we follow the usual practice of standardizing
the variance of the error term to π2/6.
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borrowers who chose each alternative, then use these characteristics and estimated parameters

to sample from the distribution of interest rates for the non-chosen alternatives. Essentially,

one estimates the parameters γi to predict the rate offered ot household n for alternative i

using the following equation:

Rateni = z′nγi + vni (3)

Here, the estimation sample is the subset of households choosing alternative i, and the zn,i

are all the observed factors that determine the rate a household is offered. The error term in

the interest rate pricing equation, vn,i, captures the unobserved factors that affect the interest

rate being offered to an individual.

An additional wrinkle is that mortgage rates are top-coded in the public use RFS files (at

14.1 percent in the 1991 survey and at 20 percent in the 2001 survey). It is well known that

censoring of the dependent variable leads to inconsistency in estimators based upon conditional

mean moment restrictions, including OLS. Moreover, parametric methods such as Tobit do

not perform well in the presence of non-normal errors. Powell (1984) first observed that non-

parametric estimators based upon a conditional median moment restriction – E [sgn(vni)|zn] =

0 rather than the usual E [vni|zn] = 0 – are robust to censoring. We thus use a censored least

absolute deviations (CLAD) estimator as our benchmark estimator of equation 3.

The second issue is that the subsample of individuals selecting a given alternative is

nonrandom. Unobserved factors influencing an individual’s choice are unlikely to be sym-

metrically distributed around zero. Rather, it seems likely that individuals choosing alter-

native i were offered a particularly low rate, so the typical pricing error will be negative:

E [sgn(vni)|zn, chose alt. i] < 0. Such selection on unobserved factors poses an external va-

lidity problem when parameters estimated from the selected sample are used to impute the

interest rates of the non-chosen alternatives. Lee (1978) confronted a similar problem with

regards to estimating the wages of union versus non-union jobs, and Brueckner and Follain

(1988) first applied Lee’s methodology to a mortgage choice setting. These authors propose

a three-step procedure. The first step is to estimate a reduced-form choice model using all

relevant observed variables. The second step is to estimate the interest rate equation with a

correction for sample selection based on the first step. This lets us predict household-level
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interest rates for both the chosen and the non-chosen alternatives. The third step is to use

these imputed interest rates to estimate the structural choice model, solving the missing data

problem.

We model household-level interest rates as a function of variables zn that are always ob-

served: a national mortgage rate index and household-level covariates that adjust for risk

factors. Freddie Mac’s Primary Mortgage Market Survey provides weekly data on average

FRM and ARM interest rates from a representative nationwide sample of mortgage origina-

tors. The representative products are first-lien, prime, conventional, conforming mortgages

with an LTV of 80% and a 30-year term. We re-weight from the five Freddie Mac regions to

the four Census regions using 1990 Census housing units by state and take annual averages.5

To obtain obtain the reduced-form choice model, we plug equation 3 into equation 2 and

obtain that individual n, residing in Census region r in year t, derives utility from alternative

i of

Uni = αit + β̃RPMMSRater,t,i + βπ,iπ
e
n + βInc,iIncomen + fi(Agen) + ε̃ni (4)

The estimation sample is borrowers aged 25-74 in the year of origination (restricted to 1985-91

and 1995-2001, respectively) for whom all covariates are available. Alternative i is chosen if

ε̃nj − ε̃ni := (εnj + βRvnj) − (εni + βRvni) < αit − αjt + βRz
′
n(γi − γj) + ... for all j 6= i.

The pricing errors vni are absorbed into the unobserved component of latent utility, ε̃. There

is no missing-data problem since the reduced-form choice model no longer depends on the

unobserved nonchosen interest rates.

We then use the reduced form choice model probabilities to correct for selection bias

in equation 3. We adopt a semi-parametric control function approach suggested by Newey

(2009) in which we estimate first-stage selection probabilities, then include polynomial func-

tions of each individual’s selection probability in the second stage. This may be viewed as

a generalization of Heckman (1979) to systems whose joint error distribution is non-normal.

Identification requires a single-index restriction on the first-stage selection process (which a

standard logit or probit model satisfies), additive separability of the selection function in the

second stage, and an exclusion restriction. We assume that the Freddie Mac index rate for

5The RFS reports the home state of borrowers residing in a few large states. In these cases we simply use
the corresponding Freddie Mac region interest rate.
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the nonchosen alternative doesn’t directly influence the rate for the chosen alternative, except

via its influence on the probability of being selected. So the ARM index is absent from the

FRM pricing equation, and the FRM index is absent from the ARM pricing equation. We also

exclude borrower age, age2, and experienced inflation from the second-stage pricing equations.

Finally, we impute pairs of interest rates for each household using our selection-corrected

estimates of the pricing coefficients γi = [γ0i, γ
′
−0i]′ in equation 3. The intercept γ0i is not

separately identified from the control function for probability of selection. We estimate it

using a method suggested by Heckman (1990), by calculating the average difference between

the dependent variable and the predicted values from explanatory variables excluding the

intercept, Rateni−z′−0nγ̂−0i, over the observations whose estimated reduced-form probabilities

of choosing alternative i are closest to 1.6

3.2 Choice Model Estimates

Table 2 presents estimates of the reduced form multinomial logit model. Each coefficient

represents that attribute’s or sociodemographic characteristic’s contribution to the utility of

that alternative. So, for example, ˆ̃βR = −0.424 in column 1, indicating that individuals

derive less utility from and are less likely to choose more expensive alternatives. All columns

include alternative-specific year fixed effects and control for a quadratic function of the primary

owner’s age. Column 1 estimates a single price coefficient on both the FRM and the ARM

initial rate indices (so only the spread matters), while columns 2-4 allows the two coefficients

to differ. Column 3 normalizes βπ,Balloon = βπ,ARM , while column 4 controls for characteristics

of the mortgage (seniority, whether it is a refinancing of a previous mortgage, conventional

dummy, and points paid). Recall that only differences in utility matter, so we normalize

β·,ARM ≡ 0 for all household-level variables, including experienced inflation.

The results indicate indicate that individuals who have higher levels of πe as of the year of

the choice situation derive greater utility from the FRM alternative, relative to the baseline

ARM alternative. Experienced inflation reduces the utility of a balloon mortgage relative to

an ARM, but this effect is imprecisely estimated and not significant at standard levels. A

6This subsample is more likely to have chosen the alternative due to observed rather than unobserved
factors, so suffers from the least amount of selection bias. We use the top 10% subsample based on predicted
choice probabilities for each alternative.
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useful normalization is to calculate the compensating interest rate differential an individual is

willing to pay to avoid one additional percentage point of experienced inflation. This is done

by taking the total derivative of utility for alternative i and setting it equal to zero:7

dUni = βR∂Rateni + βπ,i∂π
e
n = 0

∂Rateni
∂πen

∣∣∣∣
dUni=0

= −βπ,i
βR

The estimates in column 1 indicate that individuals are willing to pay 0.211/0.424 = 0.498

percentage points in the FRM - ARM spread due to an additional percentage point of πe.

Column 2 indicates that individuals are more sensitive to the fixed-rate component of the

spread: individuals are willing to pay 0.208/3.57 = 0.058 percentage points more in the FRM

rate due to an additional percentage point of πe. Since all specifications include origination

year fixed effects, these effects are above and beyond the full-information inflation expectation

for a given year. Fully rational individuals should place a weight of zero on their personally

experienced inflation. Instead, we observe that individuals who have experienced relatively

higher levels of inflation derive greater utility from the fixed-rate, inflation-insured alternative.

Figure 3 plots the fraction of households we predict would switch to an FRM if they ignored

πe. We estimate counterfactual probabilities that an individual would pick each alternative

using the coefficients from Table 2, column 3, except that we force the coefficient βπ,FRM = 0,

and aggregate these probabilities to calculate hypothetical product shares for each origination

year. In 1985-86, we predict that the FRM share would have been 29 percentage points lower

(53% rather than 82%). The effect of experienced inflation diminishes as memory of the Great

Inflation recedes: by 2001, the counterfactual FRM share is only 19 percentage points lower

than the actual share (62% rather than 83%).

Having confirmed our hypothesis using the reduced form model, we proceed to impute

the interest rates of the non-chosen alternative and estimate the structural mortgage choice

coefficients. Since the balloon alternative occupies such a small market share, we restrict

the analysis to FRM and ARM alternatives from here forward. The pricing equations are

presented in Table 3, without and with Newey’s selection correction procedure. We use all

7Further details may be found in Train (2009) chapter 3.
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of the exogenous explanatory variables from Table 2, except for experienced inflation, in the

first-stage selection model. Focusing on the FRM rate equations (columns 1 and 2), the

main difference between the two sets of estimates is the coefficient on nonconventional status.

Nonconventional mortgages carry FHA or VA insurance in order to provide eligible, higher risk

households with affordable mortgages, and they tend to be FRMs rather than ARMs. Before

we correct for sample selection, the coefficient on the nonconventional mortgage dummy is

a positive number, +6 basis points (column 1); after correcting for selection, it is -35 basis

points (column 2). This is consistent with high-risk households selecting into nonconventional,

FRM mortgages, and the median pricing error, conditional on choosing an FRM, being less

than zero.

We find evidence of less selection bias in the ARM initial rate pricing equations (columns

3 and 4). CLAD is not particularly useful for adjusting ARM margins for household risk

characteristics, as more than half of all individuals carry the same margin (2.75 percentage

points). Whether or not we control for selection, conditional-median based methods only

adjust the margin for mortgage seniority (junior mortgages are 25 basis points more expensive

than first mortgages). In later sections of the paper, we discretize the distribution of margins

into ten intervals (using the 1991 RFS reporting intervals) and estimate an ordered logit model

of ARM margin on the same set of covariates shown in Table 3. This model also accounts for

censoring and allows us to recover coefficients to predict risk-adjusted ARM margins. The

estimation results are not shown but are available upon request.

Table 4 presents estimates of the structural choice equation 2. The dependent variable

is coded as 1 if the household chose an FRM and 0 if it chose an ARM. We use predicted

interest rates from the pricing equations presented in Table 3 for both the chosen and the

nonchosen alternative in each choice situation. Standard errors are not adjusted for the first-

stage estimation. A comparison of columns 1 and 2 indicates the importance of the selection-

correction in equation 3. Without selection correction, the price coefficients are the wrong

signs, indicating upward sloping demand curves. After we switch to the selection-correction

estimates, the signs become correct (column 2).

The structural model estimates confirm our previous finding that experienced inflation

influences mortgage contract choice, above and beyond the information set available to all
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households in a given origination year. Individuals exhibit an ex ante willingness to pay of

0.223/1.065 = 0.209, i.e., 21 additional basis points of FRM interest for every additional

percentage point of experienced inflation (based on the estimates from column 2).

Columns 3 and 4 present estimates of the structural model using risk-adjusted ARM mar-

gins. As before, the signs on the FRM rate and ARM initial rate are the wrong sign without

the selection correction. With the selection correction, these signs reverse and are correct;

however, the sign on the ARM margin remains negative (indicating that a higher margin

is associated with a lower probability of choosing an FRM). Since the selection correction

procedure mainly affected the coefficient on the nonconventional status dummy in the pricing

equations in Table 3, we hypothesize that nonconventional status might have an additional

effect on mortgage choice above and beyond its structural impact on mortgage prices. To

confirm this, we re-run the last two set of estimates with nonconventional status as an addi-

tional explanatory variable in Table 4, columns 5 and 6. Inclusion of this variable generates

“correct,” negative demand elasticities in both specifications.

The bottom line is that in all specifications, higher levels of lifetime inflation experiences

are associated with a greater probability of choosing an FRM compared to other individuals

in the same origination year, independently of how we estimate mortgage prices and of what

variables are controlled for. This is consistent with personal experiences affecting an indi-

vidual’s ex ante willingness to pay for the safety of the fixed-rate alternative. But does this

translate into an ex post welfare loss?

4 Simulations

4.1 The Welfare-Relevant Treatment Effect

While the effect of experienced inflation on mortgage product shares appears to be econom-

ically large, it is not obvious that this is a costly mistake. Figure 4 plots the path of the

national PMMS fixed-rate and adjustable initial rate indices, and the yield on a 1-year con-

stant maturity Treasury plus a standard margin of 2.75 percentage points, between the years

1986 and 2013. The FRM-ARM initial rate spread is always positive but varies over time (as

previously seen in Figure 1, this variation is correlated with product shares). Individuals with
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a sufficiently short time horizon will usually benefit from the initially low rate of an ARM,

but over longer time horizons the resets could make the ARM more expensive. For example,

an individual taking out an FRM in 1993 would lock in a nominal rate of 7.31% for the life

of the loan. An individual taking out a 1/1 ARM with no caps on rate resets would pay the

much lower initial rate of 4.58% in 1993, but this would reset to 8.06% in 1994, 8.70% in 1995,

etc. Resets would keep the subsequent ARM rate above the 1993 FRM rate every year until

2001.

To assess ex post welfare consequences of experienced inflation, we need (first) to identify

the subset of the population that is affected and (second) to calculate whether this mistake

was costly or beneficial. First, some households would have chosen the same mortgage product

regardless of whether they overweighted or ignored experienced inflation. The relevant subset

of the population are the “switchers.” These households were just on the margin between

an ARM and an FRM; they chose an FRM because experienced inflation figured into their

choice function above the optimal weight it should receive in a full-information, Bayesian

forecast of future nominal interest rate movements. Second, as shown in Figure 4, there are

periods when timing the market and locking in a low nominal fixed-rate debt contract would

be advantageous. So even if households are making a mistake, it could turn out to be ex post

beneficial.

Using our estimates of the mortgage pricing equations in Table 3, we can simulate the

actual and counterfactual monthly payments each household would make under both an FRM

and an ARM. We assume that all mortgages are originated on January 1, carry a 30-year term,

are self-amortizing, and are paid on time (no late penalties or prepayments). We consider

three different interest rate scenarios. In Scenario 1, we do not predict individual interest

rates, but rather assign everyone the Freddie Mac PMMS index mortgage rate, varying only

by region where they live. This sidesteps the issue of estimating individual-level pricing

equations but may overstate the magnitude of welfare losses by not correcting mortgage rates

for household risk characteristics. In Scenario 2, we use selection-corrected CLAD to predict

risk-adjusted FRM rates and ARM teaser rates, while ARM margins are only adjusted for

seniority (corresponding to Table 3 columns 2, 4, and 6). In Scenario 3, we use ordered

logit to predict individual-varying ARM margins based upon household-level characteristics.
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Individuals choosing an ARM receive the teaser rate for one year, after which annual resets are

based the appropriate margin over the average value of a 1-year constant maturity Treasury

for that year: plus 2.75 percentage points (Scenario 1), plus 2.75 if first-lien and 3.00 if second-

or third-lien (Scenario 2), or plus a risk-adjusted margin from the selection-corrected ordered

logit estimation results (Scenario 3). The scenarios are summarized below:

Scenario: 1 2 3

FRM Rate: Freddie Mac

PMMS

Risk-adj.

(CLAD)

Risk-adj.

(CLAD)

ARM Initial Rate: Freddie Mac

PMMS

Risk-adj.

(CLAD)

Risk-adj.

(CLAD)

ARM Margin: 1-year T-bill +

2.75

Seniority-adj.

(CLAD)

Risk-adj.

(OLOGIT)

Each scenario has limitations. Scenario 1 makes no adjustment for mortgagor risk charac-

teristics, but it also carries the least amount of sensitivity to researcher uncertainty about the

true pricing model. Scenarios 2 and 3 make progressively greater adjustments for risk charac-

teristics, at the cost of increasing sensitivity to our modeling assumptions. However, take note

that our simulated ARM contract has no caps on annual or lifetime interest rate adjustments.

Since many ARMs are capped, all three scenarios overstate the amount of interest rate risk

in an ARM and underestimate the potential savings from choosing an ARM over an FRM.

This biases against our maintained hypothesis that experienced inflation is welfare-reducing.

The welfare cost for switching households is easily described using the language of potential

treatments and potential outcomes. For ease of exposition, we focus on the binary choice

problem and number the FRM alternative as 1 (and the ARM alternative as 0). In every

choice situation n, the household faces two potential outcomes: mortgage payments under

the fixed-rate alternative, Yn,1, and mortgage payments under the adjustable-rate alternative,

Yn,0. The observed set of mortgage payments in our data is

Yn = DnYn,1 + (1−Dn)Yn,0

and depends on an individual’s mortgage choice (“treatment status”), Dn ∈ {0, 1}, indicating
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which alternative is chosen. The value ofDn depends on the difference in latent utility between

the two alternatives from equation 2:

Dn = I{FRM is chosen in choice situation n} = I{Un,1 > Un,0}

= I{−(εn1 − εn0) < x′n1β1 − x′n0β0}

The FRM is chosen if the difference in observed components of latent utility exceed the

difference in unobserved components. Observed latent utility may include alternative charac-

teristics, such as prices, and household characteristics, including experienced inflation. These

are the coefficients estimated in Table 4.8

Under a counterfactual utility model, the same individual in the same choice situation

might make a different choice. This introduces the notion of potential choices (“potential

treatments”). Specifically, letDn(bπ) be the choice individual n would make given experienced

inflation coefficient bπ. The observed mortgage choice in our data is

Dn =
ˆ
An(βπ)Dn(bπ)dbπ

where An(·) = I{bπ = ·} and βπ is the true experienced inflation coefficient, representing the

additional weight placed on πe beyond the full-information Bayesian optimum. The house-

hold’s actual choice, under the true utility model, is Dn(βπ) ∈ {0, 1}. The welfare-relevant

counterfactual is the choice the household would have made in the same choice situation if

placing no additional weight on experienced inflation: Dn(0) ∈ {0, 1}. If Dn(βπ) = Dn(0),

then “assignment” was irrelevant and experienced inflation did not influence the household’s

mortgage choice. If Dn(βπ) 6= Dn(0) – the two potential choices are different – then the

household is nearly indifferent and would switch under the counterfactual model.

Using this notation, the ex post welfare loss (or gain) for switching households may be

expressed as follows:

E[Yn,1 − Yn,0|Dn(βπ) = 1, Dn(0) = 0] (5)

8Since only differences in utility matter, we are implicitly estimating the difference in household character-
istic coefficients in the binary choice model: βx,1 − βx,0.
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By monotonicity of the choice function Dn(·) and βπ > 0, households only switch out of an

FRM. So the average welfare loss is the expected difference between FRM and ARM payments

for those households that chose a fixed-rate mortgage because of the weight they placed on

their personal inflation experiences. Positive numbers represent overpayment, a welfare loss,

and negative numbers represent underpayment, a welfare gain. The conditioning set restricts

us to the subset of households in the population for whom experienced inflation was the

determining factor in their mortgage choice.

The inference problem is threefold. First, we do not know βπ; second, we observe the

actual choice Dn = Dn(βπ) but not the counterfactual choice Dn(0); and third, we only

observe one of the two potential outcomes (Yn,0, Yn,1) for each choice situation. However, by

Bayes’ rule:

E[∆Yn|Dn(βπ) = 1, Dn(0) = 0] =
ˆ

∆y · f(∆y|Dn(βπ) = 1, Dn(0) = 0)d∆y

=
´

∆y · h(Dn(βπ) = 1, Dn(0) = 0|∆y)f(∆y)d∆y
g(Dn(βπ) = 1, Dn(0) = 0) (6)

We have all of the pieces in hand to estimate equation 6. We have already described our three

scenarios for simulating the FRM and ARM mortgage payments (Yn,0, Yn,1) above, relying

upon the estimates in Table 3. The probability mass function h(·|∆y) gives the probability

that a household is nearly indifferent between the FRM and ARM choices and would switch

to an ARM were it not for the presence of recent inflation experiences in its choice function.

The probability that the household is a switcher is the difference between the true FRM choice

probability and a counterfactual FRM choice probability:

h(Dn(βπ) = 1, Dn(0) = 0|∆y) = P (Dn = 1|bπ = βπ,∆y)− P (Dn = 1|bπ = 0,∆y)

For example, if a household’s true probability of choosing an FRM is 90% and the counterfac-

tual probability (ignoring its experienced inflation) is 70%, then for every 100 observationally-

equivalent households in the population, we would expect 70 of them to choose an FRM no

matter what, 10 to choose an ARM no matter what, and 20 to switch from the FRM to the

ARM. These choice probabilities may be obtained by calculating predicted values from the

19



choice equation estimates in Table 4.

To summarize, we estimate the Welfare-Relevant Treatment Effect as a weighted average

of the difference in mortgage payments:

Ê[Yn,1 − Yn,0 | Dn(βπ) = 1, Dn(0) = 0] (7)

∝ 1
N

N∑
n=1

∆ŷn · [P̂ (Dn(β̂π) = 1|∆ŷn)− P̂ (Dn(0) = 1|∆ŷn)]

where the weights are proportional to the difference in probability of choosing an FRM under

the estimated (“true”) and counterfactual experienced inflation coefficients. This differs from

standard objects reported in the treatment literature. For example, an Average Treatment

Effect might be defined as

E[Yn|bn = βn]− E[Yn|bn = 0] =
1∑
i=0

P (Dn(βπ) = i) · Yn,i −
1∑
i=0

P (Dn(0) = i) · Yn,i

The ATE would be estimated as an unweighted average of the difference in expected payments,

using the actual versus the counterfactual choice probabilities.9

Figure 5 illustrates these calculations by presenting our estimates of the two potential

outcomes – ex post mortgage payments under a fixed-rate contract versus an adjustable-rate

contract – for two particular origination years, 1986 and 1996, between the origination year

and the survey year. Potential payments are calculated based on Scenario 1 – using the

Freddie Mac PMMS interest rates and a 2.75 percentage point margin over Treasury – so the

only variation across households is by region and origination amount. All calculations were

performed after converting the loan amounts into constant 2000 dollars.

Each pair of bars represents the two hypothetical, counterfactual outcomes for the same

set of households: annual mortgage payments from choosing a fixed-rate mortgage (left bar)

or an adjustable-rate mortgage (right bar). Due to the self-amortizing feature, the majority

of the early payments goes towards interest (the solid area) rather than principal (the shaded

area). The total FRM payment is of course fixed, while the total ARM payment varies from

year to year because of resets.

9Heckman and Vytlacil (2007) define an object called the “policy-relevant treatment effect,” using the same
weighted average that we derive above.
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The average mortgage originator in 1986 would have done better by choosing an ARM in

every year between 1986 and 1991, given the ex post path of Treasury rates. An important

advantage of the ARM is that by carrying a low initial rate, the holder makes larger payments

towards principal in the early years of the mortgage. This keeps future payments lower than

they would otherwise be: for example, in 1989 (year 3 in the left panel of the graph), resets

pushed the ARM rate up to 11.3%, above the counterfactual FRM rate of 10.19%; but the

total ARM payments remained below total FRM payments because the remaining balance on

the typical ARM would have been lower. In contrast to 1986, ARM rates increased quickly

after 1996, pushing average ARM payments at or above average FRM payments under the

two hypothetical scenarios.

4.2 Refinancing Behavior

A fixed-rate mortgage without the option to prepay is a very risky contract, since the ex

post real rate could rise dramatically if actual inflation is less than expected inflation. Most

mortgages in the U.S. allow the borrower to refinance without paying a penalty. To accurately

gauge the ex post welfare cost of holding a fixed-rate versus an adjustable-rate mortgage, we

need to consider households’ likely refinancing behavior.

We consider three sets of assumptions about refinancing. First, we estimate the present

value of mortgage payments assuming that the household holds the original fixed-rate mort-

gage until maturity, as would happen if the contract prohibited prepayment. This is a worst-

case scenario for an FRM in a deflationary environment, and provides an upper bound to

our welfare estimates. Alternatively, we assume that the household refinances whenever the

difference between the new interest rate and the old interest rate falls below a threshold that

accounts for the fixed cost of refinancing and the option value of waiting. A closed-form

solution for this threshold was recently provided by Agarwal et al. (2013, hereafter referred

to as ADL). We use their square-root rule approximation to the optimal threshold:

OTn,t ≈ −
√

σκ

Mn,t(1− τ)

√
(2(ρ+ λn,t) (8)

where σ is the annualized standard deviation of movements in the FRM rate, κ is the fixed
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cost of refinancing, M is the outstanding mortgage balance, τ is the household’s marginal

tax rate, ρ is the household’s intertemporal discount rate, and λ is the Poisson arrival rate

of exogenous prepayment events. We parameterize σ = 0.0109, κ = $2000, τ = 0.25, and

ρ = 0.05. ADL allow for three sources of exogenous mortgage prepayment:

λn,t = µ+ Raten,FRM
exp(Raten,FRM (T − t))− 1 + π

The first term, µ, represents the hazard of moving and selling the house; this could in principal

vary across households, but we follow ADL and set µ = 0.10 (corresponding to an expected

residency of 1/µ = 10 years). The second term represents the annual scheduled repayment

of principal for a mortgage with T − t years remaining due to self-amortization.10 The third

term represents declines in the real value of future mortgage payments due to inflation. This

could be allowed to vary over time with actual inflation, but for simplicity we set π = 0.04.

Optimal refinancing behavior is a best-case scenario for mortgagors with a fixed-rate mort-

gage. An extensive literature documents that mortgagors do not exercise this real option

optimally (Green and Shoven 1986, Stanton 1995, Green and LaCour-Little 1999, Bennett

et al. 2000, Agarwal et al. 2012, Andersen et al. 2014, Bajo and Barbi 2014, and Keys et al.

2014, among others). Households sometimes refinance too early, before the rate differential

has crossed the threshold, or too late, waiting months or years after the differential has crossed

the threshold before refinancing. Agarwal et al. (2012) refer to these as “errors of commis-

sion” and “errors of omission,” respectively. To estimate a household’s expected fixed-rate

mortgage payments, we estimate the set of probabilities that household n is holding a year-s

mortgage in year t ≥ s, i.e., that the household last refinanced in year s. This provides an

intermediate case between the two extremes of no refinancing and optimal refinancing.

Specifically, we borrow estimates from Andersen et al. (2014) describing the probability

that a household will refinance in a given month as a function of the “incentive to refinance”

– the difference between the optimal threshold and the actual rate differential. Their baseline

10See ADL Appendix D for a derivation of this expression.
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estimates are

P (Refin,t,m|y0) = Φ (−1.921 + exp(−1.033)× (OTn,t − (yn,t − y0)) (9)

where y0 is the interest rate on the outstanding fixed-rate mortgage and yn,t is the interest

rate on a new mortgage issued after refinancing in year t.11 We convert from a monthly to

an annual time horizon by assuming that monthly refinancing events are i.i.d. within a year:

P (Refin,t|y0) = 1 − (1− P (Refin,t,m|y0))12. These refinancing probabilities correspond to

transition probabilities between the “state” of holding a year smortgage and a year tmortgage:

rn,t,s ≡ Pn(St = t|St−1 = s) := P (Refin,t|y0 = yn,s) · I{s < t}

Beginning with the initial condition that Pn(S1 = 1) = 1, we iteratively solve for the un-

conditional probabilities Pn(St = s) describing the probability that household n will hold a

mortgage last refinanced at time s in year t.12

These calculations are illustrated for a sample household in Table 5. The column labeled

“Potential FRM Rates” gives the rate that we estimate this household would receive if it

refinanced into a new FRM that year based on Scenario 3. The next column provides the

“Optimal Threshold” for refinancing given the household’s current outstanding mortgage bal-

ance and time remaining to maturity according to equation 8. At the beginning of year 4,

mortgage rates had fallen by 109 basis points since year 1 (9.29 - 10.38). This exceeds the

optimal refinancing threshold of 95 basis points, so the household should refinance. However,

we estimate that there is only a 30% chance that the household will do so: Pn(S4 = 4) = 0.30.

This reflects both types of refinancing errors discussed earlier–the household might have al-

ready refinanced in year 2 or 3, or the household might ignore the incentive and wait an extra

year. Figure 6 shows the path of FRM rates for this household under the three cases graphi-

cally. “Expected” rates mostly track “optimal” rates with a lag, indicating the importance of

11From Andersen et al. (2014) Table 8, column 1. Their sample is of Danish households over the years 2008
to 2012.

12A final issue with this is keeping track of the household’s outstanding mortgage balance at the beginning
of each year. This state variable is non-Markov and depends on the entire path of prior interest rates. There
are 229 ≈ 500 million such paths for every mortgage. To simplify matters, we assume that the timing of
principal repayment in the “Expected Refinancing” case is the same as in the “Optimal Refinancing” case.
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errors of omission in expected refinancing behavior.

Table 6 illustrates the interest component of mortgage payments for the same household

under the three sets of assumptions about refinancing behavior. Under the “Expected Re-

financing” scenario, the present value of interest payments over from 1988 to 2012 is $176

thousand using an 8% nominal discount rate. Assuming that the household faces a marginal

tax rate of 25%, the present value of its interest deductions are $44 thousand. The present

value of refinancing costs (which are not tax deductible) is $4,705, generating a bottom-line

cost of $137 thousand.

As expected, the present value of FRM payments is highest if the household never re-

finances and lowest if the household refinances optimally. Taking out an ARM would have

been cheaper than an FRM over this time horizon, regardless of refinancing behavior. Under

optimal behavior, the FRM is nearly $7 thousand more expensive. This figure rises to $12

thousand if the household refinances as expected, and could be as high as $36 thousand if the

household never refinances.

4.3 Simulation Results

Scenario 1. We run the simulation using Scenario 1 interest rates to obtain a pair of po-

tential outcomes (Yn,0, Yn,1) for all households in our dataset. Weighting by the change in

probability of choosing an FRM under the true latent utility model (Table 2, column 3) and

the counterfactual (β̂π = 0), we calculate the WRTE as described in equation 7. Summaries

by mortgage origination year are presented in Figure 7, assuming no refinancing.

This figure shows the accumulated excess interest for all switching households, with no

discounting or reinvestment, indicating how costly it has been for each set of borrowers to hold

on to their mortgage and not refinance. Ex post welfare losses are much higher for mortgages

originated in the 1980s, both because the disparity in experienced inflation across cohorts

is much higher and because fixed-rate mortgages were relatively expensive during this time

period (Figures 1 and 2). On average, borrowers in the 1991 RFS had cumulatively paid $4,300

in extra interest due to experienced inflation (as of year-end 1991), and borrowers in the 2001

RFS had cumulatively paid $1,500 extra (as of year-end 2001). Losses are particularly large

for borrowers in 1986. For all but one origination year, overweighting experienced inflation
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is ex post costly. The exception is 1998, when FRM rates were unusually low. For these

borrowers, overweighting experienced inflation and taking out an FRM turned out to be ex

post advantageous.

Scenarios 2 and 3. Scenario 1 assigns each borrower the average mortgage rate according

to the Freddie Mac survey of mortgage originators. Since average ARM rates and margins

declined through much of the 1980s and 1990s, it would have been ex post costly for a borrower

to take out and hold an FRM at the average interest rate. Of course, it is likely that choice-

situation specific price differentials also played a role – individuals taking out an FRM or ARM

were likely offered more advantageous than average interest rates on their chose alternative.

In Scenarios 2 and 3 we use the selection-corrected mortgage pricing equations from Table 3

and the choice probabilities obtained from the structural choice model in Table 4, to simulate

potential mortgage payments and welfare effects.

Table 7 presents the ex post welfare loss (gain) for switching households, comparing the

after-tax present discounted value of mortgage payments with counterfactual payments con-

ditional on the household not placing extra weight on experienced inflation. The top panel

presents results for Scenario 2. Interest rates are predicted from equation 3, estimated by

selection-corrected CLAD in Table 3 columns 2 and 4. ARM margins are set to 2.75 per-

centage points over the one-year Treasury rate for first-lien (senior) mortgages, and 3.00

percentage points over Treasury for second- and third-lien mortgages.

As of the RFS sample year, we estimate that the average switching household had overpaid

by $2,668 (the “No Refi” row). This estimate is likely biased toward zero. Since the RFS is

a survey of outstanding mortgages, we are missing the original interest rates and refinancing

costs for mortgages that were originated and refinanced in the six years prior to 1991 or

2001.13 These unobserved households are likely among the biggest overpayers who had the

most to gain by refinancing, so including them would only increase our estimate of the true

average cost.

Reading across the “No Refi” row, we see how costly continuing to hold the mortgage

would be if none of our switching households refinanced by projecting beyond the survey year

and up to the present. The WRTE doubles at a time horizon of five years, to $6,000 per
13We are also missing any mortgages that were defaulted upon or prepaid in full.

25



household. After 20 years, the WRTE exceeds $22,000 per household in after-tax present

value terms. This represents an upper bound on the potential average welfare loss. Allowing

households to refinance somewhat ameliorates this cost. However, even under the “Optimal

Refi” scenario, the WRTE is nearly $10,000 per household on average. This underscores that

for most switching households, taking out an FRM was likely a very costly mistake ex post.

The bottom panel of Table 7 repeats the exercise for scenario 3. Based on risk-adjusted

margins, we estimate that 16.7% of households in the two survey years would not have chosen

an FRM, except for the undue influence of experienced inflation. In the survey year, the

average WRTE is approximately $2,426 per household in after-tax present-value terms, and

after 20 years, the average welfare loss again exceeds $22,000 per household. As before,

the present discounted WRTE is smaller but still positive if the households are allowed to

refinance, between $9 and $11 thousand in constant year-2000 after-tax dollars.

As a final caveat, we note that these dollar costs do not take into account the utility

value of the inflation insurance implicitly embedded in a fixed-rate mortgage. Of course, such

insurance was rarely in the money during the Great Moderation of the 1990s and 2000s, but

it is worth asking whether the cost we estimate is a reasonable price to pay for households

wishing to reduce their exposure to inflation risk. We plan to address this question in a future

draft of the paper.

5 Conclusion

This paper shows that higher lifetime inflation experiences significantly increase the proba-

bility of a household taking out a fixed-rate mortgage, consistent with the theory that house-

holders perceive the risk of future nominal interest rate hikes as greater and are demanding

greater insurance against these hikes. We estimate that this bias is the determining factor

in choosing an FRM for between 15 and 20 percent of outstanding mortgages, and that the

mistake is costly. Householders exhibit an ex ante willingness to pay of between 6 and 21

basis points on the FRM mortgage contract. Ex post (as of the RFS survey year), the average

switching household would have been better off by nearly $3,000 in present value terms if it

had chosen an ARM, and this figure rises with the holding period even after accounting for
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expected and optimal refinancing behavior.

Let’s put these numbers in an aggregate perspective: The 2001 RFS reports that there were

approximately 36 million one-unit, homeowner-occupied, mortgaged properties. Accounting

for second and third mortgages on some of these properties, this translates into 46 million

mortgages. Based on a historical average of 80% FRM market share, 36.8 million of these

mortgages would be fixed-rate and 9.2 million would be adjustable-rate. Our estimates from

Scenario 3 indicate that experienced inflation raises the FRM share by 16.7 percentage points.

So, we estimate that 7.7 million fixed-rate mortgage choices were marginal and would switch

to an ARM if the householder did not overweight experienced inflation. At a present value

cost of $8,587 (after-tax, year 2000) per mortgage for a ten-year holding period, times 7.7

million mortgages, this indicates that households were overpaying by $66.1 billion. The value

of the aggregate one-unit, owner-occupied mortgaged housing stock was approximately $6.5

trillion in 2001, so the aggregate welfare loss is a little over 1% of the value of aggregate

housing stock.
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FRM ARM Balloon FRM - ARM

N= 12,570 2246 734

Contract Characteristics

Current rate (bps) 974.8 928.8 862.6 46.0*

Initial rate (bps) " 874.1 " 100.7*

Margin (bps) n.a. 270.3 n.a. n.a.

Seasoning (years) 2.6 2.8 2.1 -0.2*

Term (years) 23.4 26.3 9.0 -2.9*

Prepayment penalty? 0.060 0.094 0.053 0.0*

Economic Conditions (all in %)

Inflation 3.38 3.47 3.61 -0.09*

FRM - ARM spread 1.76 1.86 1.69 -0.10*

Default spread 2.09 2.09 2.05 0.00

Yield spread 0.42 0.43 0.39 -0.01

Borrower Characteristics

Primary owner age 40.5 40.9 42.0 -0.4

Experienced inflation (%) 4.77 4.81 4.68 -0.04*

Nonwhite? 0.132 0.098 0.117 0.034*

Hispanic? 0.525 0.589 0.518 -0.065*

Veteran? 0.219 0.207 0.230 0.012

Joint owners? 0.705 0.698 0.669 0.007

First-time owner? 0.434 0.371 0.364 0.063*

Has investment income? 0.283 0.302 0.249 -0.019

Has business income? 0.093 0.102 0.128 -0.010

Total income (2000 $) 71,652 80,122 69,064 -8,470*

Property Characteristics

Central city of MSA? 0.259 0.257 0.217 0.002

Outside MSA? 0.144 0.159 0.302 -0.015

Second home? 0.012 0.018 0.016 -0.006

Mobile home? 0.034 0.020 0.045 0.014*

Condo? 0.074 0.126 0.065 -0.052*

Other Loan Characteristics

Junior mortgage? 0.128 0.085 0.234 0.043*

Nonconventional? 0.209 0.062 0.040 0.147*

Refi? 0.254 0.246 0.297 0.008

Loan / income 1.79 2.11 1.59 -0.31*

Loan / value × 100 79.8 85.2 76.4 -5.4*

Loan / CLL 0.406 0.537 0.352 -0.131*

Jumbo loan? 0.039 0.122 0.053 -0.082*

Points paid (bps) 39.5 42.7 14.5 -3.1

Has buydown? 0.034 0.031 0.003 0.002

Notes.

Prepayment penalty clause only available for 1991. Investment income, second home status,

and buydown indicator only available for 2001.

"Default spread" = Moody's seasoned corporate BAA - 10 year CM Treasury.

"Yield spread" = 30 year CM Treasury - 5 year CM Treasury.

Table 1: Summary Statistics
Sample of mortgages <= 6 years old at time of 1991 and 2001 Residential Finance Surveys 

of homeowner properties. Statistics are based on available cases. * p<0.05.



(1) (2) (3) (4)

Freddie Mac PMMS index -0.424*

rate (%) (0.252)

Freddie Mac PMMS FRM -3.57*** -3.58*** -3.08***

index rate (%) (0.606) (0.606) (0.618)

Experienced inflation in % 0.211** 0.208** 0.272*** 0.239***

(0.098) (0.098) (0.088) (0.089)

Income ($ 000s) -0.00112*** -0.00112*** -0.00112*** -0.000705**

(0.000) (0.000) (0.000) (0.000)

Age -0.0127 -0.0125 -0.0110 -0.0060

(0.016) (0.016) (0.016) (0.017)

Age
2

0.00014 0.00013 0.00013 0.00009

(0.00018) (0.00018) (0.00018) (0.00018)

Freddie Mac PMMS ARM -0.81*** -0.814*** -0.466*

initial rate index (%) (0.266) (0.266) (0.270)

Experienced inflation in % -0.2760 -0.2690

(0.192) (0.192)

Income ($ 000s) -0.00146** -0.00148*** -0.00149*** -0.00159***

(0.001) (0.001) (0.001) (0.001)

Age -0.0038 -0.0044 -0.0021 -0.0336

(0.029) (0.029) (0.029) (0.029)

Age
2

0.00007 0.00008 0.00011 0.00041

(0.00031) (0.00031) (0.00031) (0.00032)

Number of Choice Situations 14,446 14,446 14,446 14,446

Log likelihood -8443.4 -8425.2 -8426.3 -8155.2

-βπ, FRM / βRate, FRM 0.499 0.058** 0.076*** 0.078**

(S.E. by delta method) (0.378) (0.029) (0.028) (0.033)

Alternative-specific constants YES YES YES YES

Origination year FX YES YES YES YES

Mortgage characteristics YES

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Table 2: Reduced Form Logit Model of Mortgage Choice
Choice between FRM, Balloon, and ARM, individuals in 1991 and 2001 RFS with mortgages 

<= 6 years old. Omitted category for sociodemographic variables is ARM.

FRM Alternative-Specific Characteristics

ARM Alternative-Specific Characteristics

Balloon Mortgage Alternative-Specific Characteristics



(1) (2) (3) (4) (5) (6)

Dependent variable is:

Estimation Method CLAD SSC CLAD CLAD SSC CLAD CLAD SSC CLAD

Freddie Mac PMMS index 83.73*** 87.91*** 76.16*** 82.02*** 0*** 0

rate (%) (0.79) (1.83) (3.58) (6.69) (0.00) (0.00)

Log(Income) -0.401 -0.859 -0.131 -0.67 0*** 0

(0.85) (0.89) (1.79) (1.68) (0.00) (0.00)

First-time owner? 6.179*** 5.826** 11.29 9.443 -0*** 0

(2.39) (2.46) (9.30) (8.45) (0.00) (0.00)

Refi? -25.03*** -28.16*** 12.36 10.92 0*** 0

(2.93) (4.20) (9.99) (9.83) (0.00) (0.00)

Junior mortgage? 165.6*** 160.3*** 171.3*** 161.0*** 25.00*** 25.00***

(10.20) (10.60) (22.90) (22.30) (0.00) (0.00)

Nonconventional? 5.593** -34.86* -57.18*** -44.96 -0*** 0

(2.56) (17.90) (21.60) (34.00) (0.00) (0.00)

Points paid (pctg points) -0.963 -0.851 -6.307 -4.798 -0*** 0

(0.64) (0.75) (5.35) (5.48) (0.00) (0.00)

Loan / CLL -58.17*** -39.86*** -112.3*** -111.3*** -0*** 0

(6.01) (10.80) (16.30) (20.10) (0.00) (0.00)

Jumbo loan? 38.72*** 60.21*** 60.51*** 76.73*** 0*** 0

(7.70) (12.10) (17.00) (16.60) (0.00) (0.00)

Margin is indexed to COF Index 0*** 0

(0.00) (0.00)

Margin is indexed to OTS or other -0*** 0

(0.00) (0.00)

Constant 158.6*** 311.0*** 275***

(11.70) (29.10) 0.00

Observations 12,051 12,051 1393 1393 1473 1473

Average Selection Bias -48.26 5.903 0

Heckman (1990) estimate of constant 179.1 269.8 275

Robust / bootstrapped standard errors in parentheses.

*** p<0.01, ** p<0.05, * p<0.1

Notes:

CLAD: Censored Least Absolute Deviations, based on Powell (1984), accounts for top- and bottom-

censoring of the dependent variable in survey public use files. Analytic robust SEs reported.

SSC: Semiparametric Selection Correction model, based on Newey (2009), uses 4th-order power series

control functions in 2Ф(xb)-1 following first-stage probit in likelihood of being selected.

Bootstrapped SEs (50 repetitions) reported.

Average Selection Bias is average value of the structural error term in the subsample choosing alternative i .

Heckman (1990) constant is estimated as average value of b0 = y - x′b1 in the subsample of observations

with choice probabilities above the 90th percentile cutoff.

Table 3: Selection-Corrected Mortgage Rate Equations
Mortgages <= 6 years old at time of 1991 and 2001 Residential Finance Surveys of homeowner properties, excluding 

balloon alternative. Dependent variable = interest rate in bps.

FRM Rate ARM Initial Rate ARM Margin



(1) (2) (3) (4) (5) (6)

Selection Correction? No Yes No Yes No Yes

FRM Rate Offered 0.770*** -1.065*** -0.265** -1.114*** -0.789*** -0.399***

(0.09) (0.10) (0.12) (0.11) (0.13) (0.12)

Initial ARM Rate Offered -0.361*** 1.008*** 1.029*** 1.215*** 0.524*** 0.706***

(0.07) (0.09) (0.12) (0.09) (0.13) (0.10)

ARM Margin Offered -2.922*** -1.373*** 3.219*** 3.129***

(0.20) (0.09) (0.47) (0.43)

Experienced inflation in % 0.249*** 0.223** 0.231** 0.204** 0.203** 0.217**

(0.10) (0.10) (0.10) (0.10) (0.10) (0.10)

Log(Income) -0.00412 0.00374 -0.0503*** -0.0210* 0.0729*** 0.0965***

(0.01) (0.01) (0.01) (0.01) (0.02) (0.02)

Age -0.0163 -0.0225 -0.0101 -0.0115 0.000924 0.0189

(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

Age
2

0.000201 0.000212 0.000119 0.000116 0.0000109 -0.000175

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Joint owners? 0.0681 0.105** 0.108** 0.118** 0.126** 0.176***

(0.05) (0.05) (0.05) (0.05) (0.05) (0.05)

Outside MSA? -0.149** -0.313*** -0.210*** -0.240*** -0.206*** -0.297***

(0.07) (0.07) (0.07) (0.07) (0.07) (0.07)

Nonconventional Dummy 3.616*** 4.782***

(0.25) (0.44)

Number of Choice Situations 14,212 14,212 14,212 14,212 14,212 14,212

Pseudo R2 0.0242 0.0272 0.0438 0.0533 0.0603 0.063

Alternative-specific constants YES YES YES YES YES YES

Origination year FX YES YES YES YES YES YES

Standard errors in parentheses (not corrected for predicted explanatory vars).

*** p<0.01, ** p<0.05, * p<0.1

Table 4: Structural Logit Model of Mortgage Choice
Logit coefficients. Dependent variable = 1 if FRM and 0 if ARM (balloon alternative is omitted). Sample is individuals in 1991 

and 2001 RFS with mortgages <= 6 years old. Rates for nonchosen alternatives estimated by CLAD.



No Refi Optimal Refi

1 10.38 0.94 0.0 10.38 10.38

2 10.36 0.94 13.7 10.38 10.38

3 10.17 0.95 16.0 10.38 10.38

4 9.29 0.95 30.4 10.38 9.29

5 8.43 0.96 43.2 10.38 9.29

6 7.35 0.96 51.2 10.38 7.35

7 8.42 0.97 13.3 10.38 7.35

8 7.97 0.98 16.4 10.38 7.35

9 7.85 0.99 15.6 10.38 7.35

10 7.64 1.00 16.7 10.38 7.35

11 6.98 1.01 25.2 10.38 7.35

12 7.48 1.03 14.1 10.38 7.35

13 8.09 1.04 7.7 10.38 7.35

14 7.01 1.06 19.7 10.38 7.35

15 6.58 1.08 24.1 10.38 7.35

16 5.87 1.11 33.1 10.38 5.87

17 5.88 1.14 24.2 10.38 5.87

18 5.91 1.17 18.8 10.38 5.87

19 6.45 1.21 10.0 10.38 5.87

20 6.38 1.25 9.9 10.38 5.87

21 6.07 1.31 12.0 10.38 5.87

22 5.08 1.38 23.8 10.38 5.87

23 4.73 1.46 23.9 10.38 5.87

24 4.49 1.56 21.3 10.38 5.87

25 3.70 1.70 27.5 10.38 3.70

Notes.

Potential FRM rates estimated from Freddie Mac PMMS rate in year and HH risk characteristics

in survey year (Table 3 column 2).

Optimal Threshold for refinancing is the Agarwal et. al (2013) square-root rule.

The conditional probability of refinancing from previous interest rate i 0 to current rate i  is based on

Andersen et al. (2014) Table 8 column 1 -- P(refi | i 0) = Φ{-1.921 + e
-1.033

×(i 0 - i  - OT ))} -- converted

from monthly to annual horizon. Table reports the unconditional probability of refinancing at begin-

-ning of each year.

Table 5: Refinancing Behavior for a Sample Household
This table illustrates optimal and expected refinancing behavior for a sample choice situation, choice ID 

500 in our dataset (from the 1991 RFS). This joint-owner household took out a loan for $204,844 in 1988 

on a property in the Midwest Census region. The head of household was 30 years old, and the household 

reported total income of $163,467. All dollar figures are in constant year 2000 units.

FRM Rate (%)

Year

Potential 

FRM Rates

Optimal Threshold 

(pp)

Probability of 

refinancing (%)



Year No Refi Expected Refi Optimal Refi Rate (%) Interest ($)

1 21,268 21,268 21,268 8.03 16,393

2 21,158 21,153 21,158 11.57 23,453

3 21,037 20,965 21,037 10.91 22,003

4 20,903 20,183 18,709 8.89 17,796

5 20,722 18,526 18,546 6.92 13,691

6 20,523 16,060 14,533 6.46 12,585

7 20,225 15,680 14,323 8.34 16,001

8 19,906 15,226 14,096 8.98 16,993

9 19,561 14,821 13,852 8.54 15,921

10 19,191 14,390 13,590 8.66 15,874

11 18,792 13,650 13,308 8.08 14,528

12 18,363 13,269 13,004 8.11 14,262

13 17,902 12,987 12,677 9.14 15,704

14 17,405 12,404 12,325 6.51 10,875

15 16,870 11,649 11,947 5.03 8,090

16 16,295 10,501 9,217 4.27 6,559

17 15,597 9,636 8,822 4.92 7,183

18 14,857 8,949 8,403 6.65 9,220

19 14,071 8,455 7,959 7.96 10,475

20 13,239 7,936 7,488 7.55 9,381

21 12,356 7,353 6,989 4.85 5,609

22 11,420 6,471 6,459 3.50 3,695

23 10,428 5,579 5,898 3.35 3,174

24 9,375 4,749 5,303 3.21 2,680

25 8,260 3,769 2,945 3.21 2,306

PDV 215,079 176,855 170,892 166,896

- Int. Deduct. -53,770 -44,214 -42,723 -41,724

+ Refi Cost 0 4,705 3,895 0

Total 161,310 137,346 132,063 125,172

Notes.

"No Refi": the household holds the initial FRM until maturity. 

"Expected Refi": the probability of refinancing every year is given by a probit function of the interest rate

differential estimated in Andersen et al (2014) - see notes to Table 5. Timing of principal repayment is

the same as in Optimal Refi scenario.

"Optimal Refi": the household refinances when the interest rate differential exceeds the Agarwal et al.

(2014) square-root rule threshold. 

PDV calculations assume a nominal discount rate of 8% / year (r = .04, π = .04).

The mortgage interest deduction is calculated assuming a 25% marginal tax rate. Refinancing costs $2,000

and is not tax-deductible.

FRM Interest Payments ($) ARM

Table 6: Interest Payments for a Sample Household
This table illustrates nominal mortgage payments under alternate refinancing scenarios for a sample household 

(choice ID 500 in our dataset). The loan was for $204,844 in constant 2000 $.



Time Horizon: Survey Year 5 years 10 years 20 years

After-tax PDV: (all in $)

No Refi 2,668 6,048 12,321 22,819

Expected Refi 3,095 6,005 9,273 11,813

Optimal Refi 2,705 5,438 7,964 9,940

% switching households 18.2 18.2 18.2 21.9

Time Horizon: Survey Year 5 years 10 years 20 years

After-tax PDV: (all in $)

No Refi 2,426 5,791 11,846 22,861

Expected Refi 2,855 5,695 8,587 11,354

Optimal Refi 2,461 5,095 7,195 9,357

% switching households 16.7 16.7 16.7 19.8

Notes.

To calculate treatment effect on switching households, each household is weighted by the

decline in probability of choosing an FRM contract when the experienced inflation coef-

ficient is turned off in the choice model (Table 4, columns 2 and 6). Positive numbers indi-

cate that the household overpaid and is worse off due to experienced inflation.

PDV calculations assume a nominal discount rate of 8% / year (r = .04, π = .04).

"No Refi," "Expected Refi," and "Optimal Refi" defined in notes to Tables 6.

The mortgage interest deduction is calculated assuming a 25% marginal tax rate. Refinancing

costs $2,000 and is not tax-deductible.

Table 7: How Much Additional Interest Do Switching

Households Pay Due to Inflation Experiences?

Scenario 3: Risk-adjusted rates and ARM margins

Table reports treatment effect on switching households, measured as the extra interest (after 

taxes) + refinancing costs paid by a household choosing an FRM instead of an ARM due to 

experienced inflation. Original loan amounts are in constant 2000 $.

Scenario 2: Risk-adjusted rates, seniority-adjusted ARM margins


