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Abstract
The U.S. housing boom during the first part of the past decade was marked by rapid house price
appreciation and greater access to mortgage credit for lower credit-rated borrowers. The subsequent
collapse of the housing market and the high default rates on residential mortgages raise the issue of
whether the pace of house price appreciation and the mix of borrowers may have affected the influence of
fundamentals in housing and mortgage markets. This paper examines that issue in connection with one
aspect of mortgage financing, the choice among fixed-rate and adjustable-rate mortgages. This analysis is
motivated in part by the increased use of adjustable-rate mortgage financing, notably among lower creditrated borrowers, during the peak of the housing boom. Based on analysis of a large sample of loan level
data, we find strong evidence that house price appreciation dampened the influence of a number of
fundamentals (mortgage pricing terms and other interest rate related metrics) that previous research finds
to be important determinants of mortgage financing choices. With regard to the mix of borrowers, the
evidence indicates that, while low risk-rated borrowers were affected on the margin more by house price
appreciation, on balance those borrowers tended be at least as responsive to fundamentals as high riskrated borrowers. The higher propensity of low credit-rated borrowers to choose adjustable-rate financing
compared with high credit-rated borrowers in the housing boom appears to have been related to borrower
credit risk metrics. Given the evidence related to loan pricing terms, other interest rate metrics and fixed
effects, the relation of credit risk to mortgage financing choice seems more consistent with considerations
such as credit constraints, risk preferences, and mortgage tenor than just a systematic lack of financial
sophistication among higher credit risk borrowers.
JEL Codes: D1, G11, G21, R2
Keywords: mortgage choice, mortgage contracts, household finance, fixed-rate, adjustable-rate
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1. Introduction
The U.S. housing boom during the first part of the past decade was marked by rapid
house price appreciation and easing of credit standards and loan terms on residential mortgages.
This combination facilitated an expansion of mortgage credit availability, especially for
borrowers with lower credit ratings. The subsequent collapse of the housing market and the high
default rates on residential mortgages raise the issue of whether the pace of house price
appreciation and the mix of borrowers may have affected the influence of fundamentals in
housing and mortgage markets.
This paper examines that issue in connection with one aspect of mortgage financing, the
choice among fixed-rate and adjustable-rate mortgages. In particular, for the housing boom
period, we examine the relationship of house price appreciation to mortgage choice, emphasizing
the effects on sensitivity of borrowers to mortgage pricing terms (margins on fixed- and
adjustable-rate mortgages) and other interest-rate-related metrics (such as the term structure of
short-term rates, interest rate volatility, and term premium), which previous research finds to be
important in the mortgage financing choice between fixed- and adjustable-rate loans. In
addition, in the aftermath of the recent mortgage crisis commentators pointed to the high
propensity of vulnerable or less financially sophisticated households to select ARM financing.
Accordingly, we investigate whether decisions of borrowers with lower credit ratings might have
been influenced less by fundamentals. We also present evidence for different credit risk cohorts
related to differences in their sensitivity to mortgage pricing terms and interest rate metrics as
well as to house price appreciation.
Previous research consistently finds that mortgage pricing terms and other interest-raterelated metrics are important determinants of mortgage financing choice (see, for example,
Dhillon et al. 1987, Vickery 2007, Koijen et al. 2009, and Krainer 2010). Theoretical modeling
of mortgage choice and empirical evidence also indicate that house price appreciation can affect
borrowers’ selection among different fixed- and adjustable-rate mortgages, with higher
appreciation favoring adjustable-rate mortgages (see, for example, Elliehausen and Hwang 2010
and Krainer 2010). Our paper adds to the literature on mortgage financing choice in two
important dimensions, using cross-section time series data for local housing markets for the
period 2001 through 2007. First, we examine the interaction between house price appreciation
and mortgage loan pricing terms along with other interest rate-related metrics—specifically, term
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premium, the change in expected short-term interest rates, and interest rate volatility. Second,
we compare the sensitivities of mortgage financing choice to mortgage pricing terms and
interest-rate-related metrics and the effects of house price appreciation for the different credit
risk groups.
Regarding the interaction of house price appreciation with other determinants of
mortgage financing choice during the housing boom, to the extent there was a housing price
bubble, decisions regarding buying and financing real estate could be expected to be less
systematically linked to traditional determinants of mortgage choice in general. Shiller (2013),
for example, argues that “the radical shifts in housing prices in recent years were caused mainly
by investor-induced speculation." The unprecedented increases in price-to-rent-ratios across a
large number of housing markets (see for example, Shiller 2007) were suggestive of a potential
disconnect between fundamentals and the housing sector during the boom were). Wheaton and
Nechayev (2008), using cross-section time series data for a sample of 10 metropolitan markets
with published Case-Schiller-Weiss price data, find that increases in housing demand related to
fundamentals such as population, income growth, and the decline in interest rates could not
explain the increase in housing prices in the years running up to 2005. Barlevy and Fisher
(2011) also present evidence supporting the view that the recent boom-bust in the housing
market was associated with a speculative bubble in housing markets.
Some researchers, on the other hand, question whether there was widespread ex ante
misalignment of house prices during the housing boom (Smith and Smith 2006). However, even
without ex ante misalignment of house prices, rapid price gains still could have affected
mortgage choice through expectations of future gains. In this regard, other researchers argue that
expectations of rising house prices (and an accompanying discounted probability of sizeable
house price declines) rationalize the decisions of borrowers, investors, and intermediaries during
the housing boom (Gerardi et al. 2008, and Foote et al. 2012). In that context of elevated
expectation for house price appreciation, reduced sensitivity of mortgage choice to mortgage
pricing and other interest-rate-related term could be consistent with rational consumer choice.
Campbell and Cocco (2003), for example, show that expected residential (mortgage) tenure can
affect mortgage financing choices, with a shorter expected tenure favoring ARMs. The
prospects for future appreciation may have been viewed as providing opportunities for
accumulating home equity and reselling a property or potentially refinancing at more favorable
2

terms in a relatively short period of time, even for borrowers expecting to stay in their house for
an extended period. Such an influence of the pace of house price appreciation on mortgage
choice could have been relevant for home buyers in general, but may have been especially
important for more financially constrained borrowers with poorer credit ratings.
Also relevant to mortgage financing choices across risk cohorts, Campbell and Cocco
(2003) present a model in which attitudes toward risk and borrowing constraints can affect
mortgage choice. The empirical analysis of Coulibaly and Li (2007) also shows that attitudes
toward risk can affect the sensitivity of the mortgage choice decisions to loan pricing and the
significance of income volatility and affordability factors to those decisions. To the extent that
factors impacting attitudes toward risk such as the expected cost of default are less important for
borrowers with already low credit ratings, the relative importance of the traditional determinants
of loan-type choices may differ among borrower cohorts with different credit ratings.
Finally, other studies suggest that the degree of financial literacy among borrowers may
affect mortgage choice. Bucks and Pence (2008) find that borrowers opting for ARMs appear
more likely to underestimate or to not know how much interest rates on their loans could change.
Thus, differences in financial literacy among borrower cohorts with different credit ratings could
affect the sensitivities of financing choice to loan pricing and other interest-rate-related terms.
The rest of the paper is organized as follows: Section 2 provides an overview of the
changes in house prices and mortgage choices during the housing boom; Section 3 presents a
selected literature review related to mortgage choice; Section 4 discusses empirical methodology
used in this study; Section 5 focuses on the data used in this study; Section 6 discusses the
empirical results; and Section 7 summarizes the main conclusions.

2. House prices and mortgage choices during the housing boom
House price appreciation in the United States began picking up steam in the second part
of the 1990s, after lagging gains in rents in the first part of that decade (Figure 1). In the late
1990s and early 2000s the pace of house price appreciation accelerated, with the increase in one
national index averaging about 10 percent at an annual rate over the period 2000 through 2003,
outpacing gains in rental rates and pushing up price-to-rent ratios. In late 2003, the pace of
house price appreciation jumped up further, averaging nearly 16 percent at an annual rate for the
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2004 to 2005 period and leaving house price-to-rent ratios at historic highs. House prices peaked
in the first part of 2006 and then drifted lower before plunging starting in 2007.
The increase in the demand for housing was reflected in a pickup in home sales and an
increase in the homeownership rate starting in the mid-1990s and continuing into 2005 (Figure
2). During that period, the pace of home sales accelerated noticeably after 2002 when house
prices were rapidly appreciating. With regard to homeownership, Doms and Krainer (2007)
show that the rise in ownership rates was most notable among households that are traditionally
cash constrained. In particular, they show the homeownership rate rose among young and lowincome households, borrowers less likely to have high credit ratings. They argue that changes in
mortgage financing including lenders’ accepting higher loan-to-value ratios and the availability
of ARMs facilitated the extension of mortgage credit to these borrowers who are less likely to
have high credit ratings.
With regard to mortgage choice, in the United States, FRMs traditionally have been the
more popular loan choice.1 Since the early 1980s, however, the mix of FRMs and ARMs among
new loans has fluctuated dramatically.2 Figure 3 shows the long history for the share of ARM
loans from Freddie Mac Primary Mortgage Survey along with the ARM share from the sample
drawn from the LPS Analytics data used in this study. For both series, ARMs again gained
popularity during the housing boom. The relative popularity of ARMs was especially notable in
the period when house price appreciation was the most rapid. Data from the sample used in this
study show that during the peak of the housing boom the share of mortgage originations
accounted for by ARMs was highest among borrowers with lower risk ratings, as measured by
FICO3 scores (Figure 4).
There are several types of ARM loans. For a basic ARM, an initial rate is set as a spread
to a benchmark rate such the one-year Treasury rate. The interest rate then adjusts periodically

1

The overwhelming majority of FRMs involve the payment of interest and principal. In the sample for this study
about 98 percent of FRM payments included principal and interest and 2 percent allowed interest-only payments for
a period of time.
2
U.S. Congress passed the Alternative Mortgage Transactions Parity Act (AMTPA) in 1982, allowing non-federally
chartered mortgage lenders to offer adjustable rate mortgages (ARMs). Prior to that, lenders were mostly
constrained to offer fixed-rate mortgages (FRMs). The popularity of ARMs grew over time and peaked in the mid1990s. In the wake of the housing boom, the share of ARMs dropped dramatically (see Krainer 2010 and Moench et
al. 2010, for instance).
3
FICO is an acronym for the Fair Isaac Corporation. Credit scores are designed to measure the risk of default by
taking into account various factors in a person's financial history.
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with changes in the benchmark, often with limits on the size of the periodic adjustments and the
total adjustment over the life of the loan. A popular choice during the housing boom was the
hybrid ARM. An example of such an ARM is the so-called 2-28 ARM, which is a 30-year
mortgage where the interest rate remains fixed for two years and can adjust periodically during
the remaining years. As pointed out in previous studies, these loans tended to be paid down
(refinanced) ahead of the specified adjustable rate period (see, for example, Demyanyk 2009).4
Option ARMs are another financing choice. In these arrangements, the borrower chooses among
several payment options each month. Those options typically include (1) a minimum payment
which keeps the loan current (but with negative amortization of unpaid interest), (2) an interestonly payment, and (3) a traditional payment of principal and interest. Option ARMs were
introduced in the 1980s, but gained popularity in the mid-2000s, especially in states where home
prices were rising rapidly.

3. Residential Mortgage Financing Choices, Brief Literature Review
A critical part of the decision in financing a home is the choice of the type of mortgage
loan. In the broadest sense, loans can be separated into fixed-rate mortgages (FRMs) and
adjustable-rate mortgages (ARMs), with the latter consisting of non-option adjustable-rate
mortgages and option adjustable-rate mortgages. Past research suggests that the type of
mortgage financing selected by a borrower should be affected by loan terms, market conditions,
and borrower characteristics. Loan terms encompass both price and non-price features. The
main pricing components typically considered in the literature are own initial interest rates on
FRMs and ARMs. Key non-price loan terms include loan-to-value (LTV) ratios, prepayment
penalties, amortization period, and purpose of the loan (purchase vs. refinance). Market
conditions considered in past research include the shape of the yield curve or, more recently,
estimates of interest rate term premiums, interest rate volatility, house price appreciation,
volatility of house price appreciation, and depth of securitization markets. Borrower
characteristics include credit ratings, income, and various demographic characteristics. Other
borrower characteristics suggested by theoretical models include attitudes toward risk, variability
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Among the non-option ARMs in the sample for this study, about 40 percent are identified as allowing interest-only
payments for some period of time.
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of income, expected cost of default, degree of financial constraint, and mobility (probability of
moving—expected mortgage tenure).5
The empirical literature on mortgage choice finds that loan pricing terms play a dominant
role in mortgage choice. Early work includes Baesel and Biger (1980) and Statman (1982). The
work of Dhillon et al. (1987) was the first to examine empirically the impact of both pricing and
borrower characteristics on the choice of the mortgage contract. Based on a small micro-data set
covering a short sample period, that study finds that the rate on FRMs and the margin on ARMs
were important in the mortgage choice decision, while borrower characteristics, in general, were
not significant determinants of the choice. In particular higher interest rates on FRMs and
smaller margins favored the choice of ARMs.
Results from other early studies such as Brueckner and Follian (1988), using borrower
(loan) level data, and Nothaft and Wang (1992), using aggregated time series data for the U.S.
and selected sub-regions, support findings that higher fixed-interest rates on mortgages tend to
lead to higher shares of borrowers choosing ARMs. For the own pricing of ARMs, these studies
included the difference (spread) between FRM interest rates and ARM interest rates. The
findings show that larger spreads favor the choice of ARMs.
Subsequent studies using larger data sets covering longer time periods also find that loan
pricing terms are significant determinants of mortgage choice (Jones and Miller 1995, Coulibaly
and Li 2009, Krainer 2010, Moench et al. 2010). Again, these studies find a positive relation
between the level of interest on FRMs and the propensity for borrowers to opt for ARMs, and a
positive relation between the FRM-ARM spread and the choice of ARMs.
As noted by Nothaft and Wang (1992), one interpretation of the positive relation between
fixed mortgage rates and the choice of ARMS is that it reflects borrowing constraints. At higher
interest rates, it is less likely that a borrower with a given income (and down payment) would
qualify for a mortgage. To the extent that an affordability/qualification explanation holds, an
easing of the credit supply related to underwriting standards for qualifying borrowers in an
environment of rising house prices could weaken the empirical relationship between ARM
choice and the level of interest rates.
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Campbell and Cocco (2003), Alm and Follain (1987), and Brueckner (1986).
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The previous research also expanded the set of explanatory variables reflecting market
conditions (such as the difference between short- and long-term rates on alternative investments
and the secondary market securitization rate of ARMs) in examining mortgage financing choices
(see for example Dhillon et al. 1987 and Jones and Miller 1995). Recent work by Coulibaly and
Li (2009) considered an expanded set of borrower characteristics using the Survey of Consumer
Finances, which contains detailed data on household finances, demographics, and mortgages.
Relying on these self-reported mortgage choice characteristics, that study finds that loan pricing
variables and other contract terms are important considerations in mortgage choice, along with
measures of affordability and financial stress.
Coulibaly and Li (2009) also find empirical support for the hypothesis that attitudes
toward risk are important to mortgage financing choice, consistent with Campbell and Cocco
(2003). The former find FRM financing is preferred by more risk-averse borrowers, those with
more uncertain income, and those less likely to move. They also find mortgage pricing terms
tend to have less influence on mortgage financing choices for less risk-averse borrowers.
Important advances in modeling mortgage choice and the treatment of mortgage pricing
terms and market factors have been made in recent research. Koijen et al. (2009) make a notable
contribution by formally demonstrating the importance of interest rate term premiums in
mortgage choice. As discussed below, longer-horizon term premiums should be reflected in
interest rates on fixed-rate mortgages. In their empirical analysis, Koijen et al. (2009), using
macro-level data as well as loan-level data aggregated over several groupings, provide evidence
that higher long-term interest rate term premiums increase the likelihood borrowers will opt for
ARM financing. However, in their empirical analysis, they do not include other components of
mortgage pricing terms (such as the margins on fixed-rate mortgages after accounting for term
premiums and margins on adjustable-rate mortgages) or market interest rate metrics such as
expected interest rates and measures of interest rate risk.
The two latter components are included in the theoretical analysis presented by
Elliehausen and Hwang (2010), along with the margin on adjustable-rate mortgages. In their
model, expected future short-term interest rates compared to current short-term interest rates and
interest rate uncertainty both affect borrower’s choice between fixed-rate and adjustable-rate
mortgages. Higher expected future short rates (relative to current rates) increase the likelihood
of borrowers preferring ARM financing (for a given house value). On the other hand, higher
7

interest rate risk tends to lead a borrower to opt for fixed-rate financing. The latter effect reflects
the increase in the margin on adjustable-rate mortgages due to the lender’s concern about future
defaults from borrowers owing to “payment shock.”6
In Elliehausen and Hwang (2010) house price appreciation also can affect the choice
between FRM and ARM financing. While the main focus of that study is the interaction of loanto-value of mortgages and expected interest rates and interest rate volatility, their theoretical
model also predicts that that higher expected house price appreciation should increase the
likelihood of a borrower opting for ARM financing. Specifically, the model says that higher
expected house price appreciation increases the loan size level below which ARM contracts are
preferable to FRM loans. The empirical analysis in their paper, using loan level data for
subprime borrowers, supports the implication of their model regarding house price appreciation
and loan choice. Other studies, such as Krainer (2010), also find a relation between house price
appreciation and mortgage choice. That study uses loan level data that include conforming loans
to non-subprime borrowers and finds that higher house price appreciation is associated with a
higher probability of borrowers opting for ARM financing.

4. Empirical Methodology
4.1 Empirical Model Specification
We model the mortgage choice decision using a multinomial probit model,

P(Ii  m)  P(Uim  Uij), for m = (1,2,3), j = (1,2,3) and j  m , (1)
where Uim represents the utility for borrower i opting for mortgage choice m. The options for m
are three non-ordered choices for mortgage financing: fixed-rate mortgage, adjustable rate
mortgage (without interest rate option), and option adjustable-rate mortgage. Following previous
research on the determinants of mortgage financing choices, Ii is expressed as a function of loan
terms, market conditions, and borrower characteristics.

6

Elliehausen and Hwang (2010) assume borrowers are more impatient than lenders.
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Ii  f (Mortgage _ Terms, Other _ Interest _ Rate _ Metrics,
Housing _ Market _ Conditons, Borrower _ Characteristics) , where
Mortgage Terms
FRi = Fixed-Rate Mortgage Interest Rate
ARi = Adjustable-Rate Mortgage Interest Rate
LTVi = Loan-to-Value (of the property)
Confi = Confirming Loan Size
Other Interest Rate Metrics
LR= Long-term Risk-free Interest Rate
SR = Short-term Risk-free Interest Rate
TP = Term Premium on LR
E(SRn) = Expected Average Risk-free Short-term Interest Rate over n periods
Rvol = Interest Rate Volatility
Housing Market Conditions
ExHPAi = Expected House Price Appreciation
HPvoli=House price uncertainty
Borrower Characteristics
CRRi = Credit Risk Rating
Subi = Lender Subprime Designation
Doci = Degree of Loan Documentation
Inci = Income
IncRi = Income Risk
In specifying the empirical model, we use the following relationships, where subscript i
refers to the individual borrower:
LR  E ( SRx )  TP
TermStrx  E ( SRx )  SR
FRi  LR  frm  frmi
frm  FR  LR
E ( AR )i  E ( SRy )  arm  armi
arm  AR  SR

9

The risk-free long-term rate is a function of the expected short-term rates over x periods
corresponding to the expected life of a fixed-rate mortgage and the term premium. For the other
components of the mortgage rates, frm is the average margin on a conventional 30-year mortgage
and frmi is the borrower-specific component of the margin on a fixed-rate mortgage. The
expected adjustable rate for the borrower is a function of the expected short-term rates over the
expected life of the mortgage of length y periods. The term arm is the average margin on an
adjustable-rate mortgage and armi is the borrower specific component of the margin on an
adjustable rate mortgage.7 The borrower specific margins can be positive, negative or zero and
are functions of the size of the loan, regional market conditions, non-price loan terms, and
borrower characteristics.
The indicator of mortgage choice then is expressed as:

Ii  f ( frm, arm, TP, TermStrx, Rvol, ExHPAi , ExHPvoli , LTVi , Confi , CRRi Subi , Doci, Inci , IncRi )
The terms frm and arm should reflect general credit supply conditions in the mortgage
market. While the overall margins for a borrower will depend on regional market and individual
factors, higher values of frm should increase the likelihood of borrowers opting for an ARM,
while higher values of arm should decrease the likelihood of borrowers choosing ARM
financing.
The term premium, TP, represents the adjustment to the yield on an instrument that
investors require to commit to holding a long-term debt instead of a series of shorter-term
instruments.8 With regard to mortgage financing, the effect of the term premium on a borrower’s
financing choice will depend in part on the borrower’s expected prepayment (or refinancing)
horizon. For example, Campbell and Cocco (2003) show that borrowers with low mobility will
prefer FRM financing. For a given distribution of expected prepayment horizons among
borrowers, then, a higher term premium would be expected to increase the likelihood that
borrowers would opt for ARM financing. To the extent that term premiums tend to be positive,

7

For an individual adjustable-rate mortgage, the effective margin over the relevant benchmark rate can differ from
the initial margin at origination, owing to so-called teaser rates.
8
Koijen, Van Hemert and Van Nieuwerburgh (2009) show that term structure variables play an important role in
mortgage choice.
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this dimension of mortgage terms also could affect the mortgage financing choice through the
affordability channel.
The term structure of short-term rates could affect mortgage choice through different
channels. First, to the extent the expected tenor (y) of an adjustable rate mortgages is less than
the expected tenor (x) for a fixed-rate mortgage, say, owing to higher mobility a la Campbell and
Cocco (2003), then the term structure of short-term rates could affect a borrower’s choice of
financing. If interest rates were expected to rise (fall) over time, E(SRx) would be greater (less)
than E(SRy). As noted earlier, Elliehausen and Hwang (2010) present a model in which the term
structure of short-term rates can affect mortgage choice through another channel. In their model,
a steeper slope of expected short-term rates tends to increase the current payment on a fixed-rate
mortgage more than for a comparable adjustable-rate mortgage. In that model, borrowers are
assumed to be less patient than lenders, so that the difference in the payment profile implies a
positive relation between the term structure of short-term interest rates and borrowers’ choice of
adjustable-rate financing.9
With regard to the volatility of interest rates, Campbell and Cocco (2003) show that
attitudes toward risk can affect mortgage choice, with more risk-averse borrowers tending to
favor fixed-rate financing. Elliehausen and Hwang (2010) also argue that higher interest rate
risk (Rvol) tends to lead a borrower to opt for fixed-rate financing. Higher interest rate volatility
increases expected losses for the lender. Accordingly the lender increases the margin on
adjustable-rate mortgages due to concern about future defaults owing to borrower “payment
shock.” This tends to reduce the appeal of adjustable-rate financing for the borrower because the
option value of default for the borrower, who is assumed to be less patient, is less than the
lender’s required adjustment to the margin on an adjustable-rate mortgage.
Previous studies find that the pace of house price appreciation is positively related to the
probability of choosing an ARM in general. In this regard, Elliehausen and Hwang (2010) show
that higher expected house price appreciation increases the likelihood of a borrower opting for
ARM financing, for a given loan-to-value (LTV) ratio. In the context of our expression for Ii,

9

In the empirical analysis, Elliehausen and Hwang (2010) use a “term spread” measure related to the slope of the
yield curve, which combines the term premium and the term structure of short-term interest rates. We treat these
two components separately.
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higher house price appreciation would lower the value of armi due to the lender facing a lower
probability of default by the borrower.
Elliehausen and Hwang (2010) also show that house price volatility works to reduce the
attractiveness of ARM financing. In their analysis, higher house price volatility raises armi and
lowers the likelihood of a borrower choosing ARM financing. The expected effect of LTV on
mortgage is a bit complicated. Financially constrained borrowers might find it easier to qualify
in terms of income for ARM financing, since initial rates on such loans typically are lower than
on fixed- rate mortgages.10 As noted earlier, Doms and Krainer (2007) find that during the
housing boom the rise in ownership rates was most notable among households that are
traditionally cash constrained. In particular, they show the homeownership rate rose among
young and low-income households, borrowers less likely to have high credit ratings. More
generally, financing constraints would be expected to be more prevalent among borrowers with
lower credit ratings. Such borrowers are more likely to be constrained in terms of the size of a
down payment and, thus, tend to favor higher LTVs. Higher LTVs then may be associated with a
higher propensity to choose ARM financing.
Abstracting from financial constraints, Elliehausen and Hwang (2010) present a model in
which LTV interacts with other determinants of mortgage financing choice. In the context of our
expression for Ii, from the Elliehausen and Hwang (2010) model, a higher value of Term _ Strx
tends to increase the LTV for which ARM financing is preferred to FRM financing. On the other
hand, an increase in interest rate volatility reduces the LTV at which ARM financing is preferred.
In the empirical analysis, we allowed for interaction between an indicator of high LTV with

Term _ Strx and Rvol. We identify high loan-to-value of first-lien mortgages as those with LTV
greater than or equal to 80 percent. Coefficient on TermStrx and Rvol are estimated separately
for higher and lower loan-to-value mortgages.11
For the other nonprice term, Conf indicates whether the mortgage conforms to the size
limits for mortgages to qualify for securitization by federal government-sponsored enterprises
(GSEs). Previous research shows that interest rates on fixed-rate mortgages are lower on loans
10

In the theoretical model from Campbell and Cocco (2003), risk-averse, financially constrained borrowers are more
likely to opt for ARM financing.
11
The results without the interaction terms do not change the conclusions from our analysis.
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meeting the conforming standards compared to otherwise comparable larger loans (see for
example, Passmore et al. 2007). In addition, Vickery (2007) shows that the market share of
ARMs discontinuously shifts upwards at the conforming loan limit. The explanation is the shift
is due to borrowers responding to a shift in relative interest rates on ARMs compared with
FRMs. It is expected that borrowers able to finance with loans that conforms to GSE size limits
would be more likely to choose a fixed-rate mortgage.

4.2 Interaction between house price appreciation and interest-rate-related terms
Previous studies find that the pace of house price appreciation is positively related to the
probability of choosing an ARM in general. Thus, house price appreciation and house price
volatility enter directly in our specification. Central to our analysis also is how the pace of house
price appreciation might alter the consideration borrowers give to interest-rate-related terms
when choosing the type of mortgage financing. In our analysis we test for such effects by
interacting house price appreciation with what we refer to as “the fundamentals”: mortgage
pricing terms, arm and frm, and the other interest rate metrics, TP, TermStrx, and Rvol. To the
extent that rapid house price gains dampen the influence of fundamentals in mortgage borrowers’
financing choices, we would expect the sensitivity of the mortgage financing choice to the loan
pricing and interest rate terms to diminish with an increase in the pace of house price
appreciation in a market.
Why might one expect house price appreciation to erode the influence of fundamentals
on mortgage choice? One potential factor behind such dampening effects could be a general
disconnect with fundamentals in a housing bubble. A second is a delinking of the expected tenor
of mortgage and the expected tenor of homeownership. As noted earlier, while expectations
regarding house prices appreciation in the boom may have been too optimistic, given those
expectations, finding that house price appreciation altered the influence of interest-rate-related
determinants of mortgage choice still would be consistent with mortgage choice models. For
example, the implications of borrower mobility in Campbell and Cocco (2013) can apply more
generally to expected time to repayment of a mortgage. With little or no change in house prices,
the expectations about moving or terminating a mortgage would be related to life-cycle events
such as illness, retirement, job changes, unemployment, etc.
13

However, that might change when house prices are rising rapidly. Historically, the past
change in house prices was a good predictor of future changes, so increases in house prices in the
first part of the last decade likely fed expectations of further appreciation. The prospects for
future appreciation may have been viewed as providing opportunities for accumulating home
equity and refinancing in a few years, even if the borrower did not plan to move. Alternatively,
some purchasers looking to “flip” houses would have had very short expected homeownership
tenure. In both cases, the expected time to paying off the mortgage among borrowers would be
shortened, leading to higher ARM shares for given levels of the term premium, expected interest
rates, and mortgage margins. The shorter effective degree of mobility (higher propensity to
repay) also could alter the effects of interest rate volatility on mortgage choice.
4.3 Credit rating and mortgage financing choice
With regard to loan choice across risk cohorts, Campbell and Cocco (2003) present a
model in which attitudes toward risk and borrowing constraints can affect mortgage choice.
Coulibaly and Li (2009) find empirical evidence confirming that financially constrained
borrowers tend to favor ARM financing. As suggested above, financial constraints would be
expected to be more binding among borrowers with lower credit risk ratings, so that a lower
CRRi would be expected to increase the likelihood of a borrower using ARM financing.
Similarly, borrowers with separate loan-originator designation of subprime (sub) would be
expected to favor ARM financing. As noted earlier, Coulibaly and Li (2009) find that attitudes
toward risk can affect the sensitivity of mortgage-type choice decisions to loan pricing and the
significance of income volatility and affordability factors to those decisions. To the extent that
factors impacting attitudes toward risk such as the expected cost of default are less for borrowers
with already low credit ratings, the relative importance of the traditional determinants of loantype choices may differ among borrower cohorts with different credit ratings.
Other studies suggest that the degree of financial literacy among borrowers may affect
mortgage choice. Buck and Pence (2008) find that borrowers opting for ARMs appear more
likely to underestimate or to not know how much interest rates on their loans could change.
Difference in financial literacy among borrower cohorts with different credit ratings could also
affect the sensitivity to loan pricing in choice of types of loans. In the empirical analysis we also
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include a dummy variable that takes a value of one if the loan record indicates full
documentation, and zero otherwise.
Finally, for the other borrower characteristics, income likely is related to borrower
credit ratings. Controlling for risk rating, higher income borrowers may face higher cost of
default, which, from Campbell and Cocco (2003), would suggest higher income borrowers
would prefer FRM financing. With regard to income uncertainty, Campbell and Cocco (2003)
show that borrowers with risky income should prefer FRM financing compared to traditional
ARM financing. However, option ARMs, which provide flexibility in payments, may be
preferred by borrowers with highly variable incomes.

5. Data
The loan level data used in the empirical analysis are from Lender Processing Services
(LPS) Applied Analytics, Inc. The data represented in the dataset account for about 60percent
percent of the mortgage market (most of the large mortgage servicers are represented). Our
sample includes over 9 million first-lien loans for home purchases originated in the U.S. between
January 1, 2000 and December 31, 2007. Table 1 shows descriptive statistics for the variables
used in the analysis. The share of ARMs jumped dramatically from about 12 percent mid-2003
to 47percent in early 2005 (also see Figure 3). The share of ARM loans remained relatively high
until the end of 2005 and then began its decline. In December of 2007, it stood at 7 percent. The
popularity of option ARMs also has changed over time. Early in our sample, only 1 or 2 percent
of all loans were option ARMs, but in 2007 this share was as high as 11percent (Table 1).
The measure of borrower credit risk (CRR) is the borrower’s FICO score at the time the
loan is closed (originated). About half of our sample had FICO scores of 661 to 759 at the time
of loan origination (medium FICO), 27 percent had FICO scores of 760 or above (high FICO),
and FICO scores of the remaining 23 percent were below 660 (low FICO). The data also include
a lender-designated subprime categorization of loans. The categorization can reflect the credit
risk of the borrowers as well as features of a loan that contribute to credit risk. Notably, the
share of subprime loans in the sample increased over time jumping from 1-3 percent of the
sample in 2000-2003 to above 10 percent in 2004-2006, and finally dropping to 5 percent in
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2007. The table also shows the share of loans meeting the size limits that conform to GSE
standards as well as a lender provided indicator of full documentation of a mortgage loan.12

Variable definitions
frm = 30 year fixed-rate mortgage – 10-year Treasury bond yield
arm = one-year ARM – one-year Treasury yield
TP = 10-year Treasury bond yield – three-year average of one-year Treasury yield
TermStr = three-year average of one-year Treasury yield – one-year Treasury yield
Rvol = MOVE (One month, Merrill Lynch Option Volatility Expectations index)
LTV = original mortgage balance/value of property
LTV80 = 1 if LTV = 0.8, and zero otherwise
LTV_high = 1 if LTV >= 0.8, and zero otherwise
Conf = 1, if meets conforming size limit for GSEs and zero otherwise
Doc = 1, if lender indicator of full documentation of mortgage loan and zero otherwise
CRR = FICO score at closing
Note:
High FICO >= 760
Medium FICO = 661 to 759
Low FICO <= 660
Subprime = 1, if lender designates as subprime and zero otherwise
ExHPA = two-year log change in LP CoreLogic house price index prior to closing
ExHPvol = standard deviation of monthly log change in county level LP CoreLogic house price
index over the two years prior to closing.
Inc = Median county per capita real income for year of closing
IncR = County unemployment rate in month of closing

The loan-to-value ratio is the original loan amount divided by the value of the property.
In the LPS Analytic data, the ratio is for the individual loan. To qualify for conforming loan
without mortgage insurance generally requires a loan-to-value ratio of at least 80 percent on a
first lien. A borrower wishing to finance a property with less than a 20 percent down payment

12

Note that there are a number of missing observations in this field.
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might obtain an 80 percent loan-to-value first-lien mortgage and also obtain a second mortgage
when purchasing a home. To control for the potential that first liens just meeting the 80 percent
limit may also involve second mortgages at the time of financing we include a control for loanto-value ratios on first liens that are exactly 80 percent.
For the market interest rates, the long-term risk-free rate (LR) is the yield on the 10-year
constant maturity Treasury bond. The short-term risk-free interest rate (SR) is the yield on the
one-year constant maturity Treasury note. The term premium is the 10 year term premium along
the lines of a “rule-of-thumb” estimate used in Koijen et al. (2008), where the term premium is
the difference between the ten-year Treasury bond yield and the three-year average interest rate
of the one-year Treasury bill. The fixed-rate mortgage interest rate used in the analysis is from
Freddie Mac for 30-year conventional loans. The adjustable-rate is for the one-year adjustable
rate loan benchmarked to the one-year Treasury yield. The term structure for short-term interest
rates is estimated as the difference between the three-year average of the one-year Treasury rate
and the one-year Treasury rate in the month a mortgage is closed. Given the mortgage interest
rates and market interest rate terms, the ARM margin (arm) and FRM margin (frm) are derived
as described earlier. Interest rate volatility is measured by the Merrill Lynch Option Volatility
Estimate (MOVE) index. The interest volatility is for the month in which a mortgage is
originated.
The house price indexes are from LP CoreLogic. The indexes are measured at the county
level. House price appreciation is measured over the two years prior to the month of closing of a
loan. House price volatility is measured as the standard deviation of the monthly house price
index over the two years prior to closing. To control for income, we use metro area per capita
values adjusted for inflation in the year in which the mortgage loans originated. The measure of
income uncertainty is the unemployment rate in a county for the month in which a mortgage loan
is originated.

6. Empirical Results
In the empirical analysis of loan choice we use a multivariate probit framework.
Mortgage loan choices are grouped into three categories—fixed interest rate, non-option
adjustable interest rate, and option adjustable rate. The right-hand side variables are listed in the
box.
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The three main hypotheses we assess in the analysis are as follows:
1. House price appreciation weakens the link between mortgage financing choice and
fundamentals as measured by mortgage pricing terms and other interest-rate-related
metrics—where the null hypothesis is that there is no effect of house price appreciation.
2. The mortgage pricing terms and other interest related metrics are less relevant to
borrowers with lower credit risk rating—where the null hypothesis is the there is no
difference.
3. The effects of house price appreciation on mortgage financing choices are more
pronounced for borrowers with lower credit risk ratings—where the null hypothesis is
that there is no difference.
We first present results for a sample of loans for properties in 46 states and the District of
Columbia.13 The sample covers the period from 2000 through 2007 and we look only at loans for
home purchases (rather than refinancing).14 The second stage of the empirical analysis compares
the results for three credit risk (FICO) groups defined in the box. We test robustness of the
results by considering two subsamples. One subsample includes the states that experienced
exceptionally rapid house price appreciation during the housing boom. These states include the
four so-called sand states of Arizona, California, Florida, and Nevada, as well as Hawaii,
Maryland, and Virginia. The other subsample consists of the other 39 states and the District of
Columbia.

6.1 Overall sample
Table 2 presents results for first-lien mortgages for home purchases for the full sample.
All the estimations control for year-fixed effects,15 state-fixed effects, and levels of significance
are based on robust standard errors clustered on counties.16 The results related to non-option

13

The excluded states are Indiana, Kentucky, Mississippi, and Nebraska. The population of the option ARM cells
for these states for various months was insufficient to allow for estimations for FICO groups that included year-fixed
effects and state-fixed effects.

14

We view a refinancing decision as different from one to purchase a home. Additional factors, such as the interest
rate on the previous loan and the type of previous loan, might be important in mortgage refinance decisions.
15
The year-fixed effects reflect the propensity to choose ARM financing relative to 2007.
16
The sample was also filtered to include only loans with original loan-to-value ratios greater than 10 percent.
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ARMs versus FRMs for first lien mortgages are presented in the first column of statistics and the
results for the option ARMs choice are presented in the second.
In the probit estimation, the loan pricing terms and other interest-rate-related metrics
enter on their own and interacted with the house price appreciation in the market (county) over
the two years prior to the closing of a mortgage loan. The coefficients without the interaction
relate to the effects on probability of choosing an ARM over a FRM when house price
appreciation is zero. For those coefficients, the loan pricing variables (FRM and ARM margins)
have the expected signs and are highly statistically significant for both non-option and option
ARM versus FRM choices. Higher average margins on ARMs lower the probability that
borrowers will opt for an ARM, and higher margins on FRMs increase the likelihood of a
borrower selecting an adjustable-rate loan to purchase a house.
Likewise, the other variables relating to market interest rates have the expected signs
when house price appreciation is zero and are statistically significant. A higher term premium
increases the likelihood a borrower will select ARM financing. The results related to expected
short-term rates relative to current short-term interest rates and to interest rate volatility are
consistent with predictions from Elliehausen and Hwang (2010) in that the two metrics tend to
have offsetting effect as LTV increases. Higher expected short-term rates relative to current
levels make ARM financing more attractive, with the effect increasing with the loan-to-value
ratio of a loan. In the case of interest rate volatility, at high LTVs, higher volatility favors FRM
financing.
With regard to the interaction with house price appreciation, the results consistently reject
the hypothesis that house price appreciation does not affect the sensitivity of mortgage financing
choice to mortgage pricing terms or the other interest-related metrics. In the case of the margins
on mortgage interest rates, the interacted terms for the ARM and FRM margins are highly
statistically significant and the signs indicate that the sensitivity of borrowers to the two margins
declines with increase in house price appreciation. Similar results hold for the interaction with
the term premium and expected short-term interest rate, though for the option ARM the
coefficient for the interaction with the term premium and house price appreciation is only
marginally significant. The exception to the general pattern is the set of results for the
interaction of house price appreciation with the measure of interest rate volatility, where the
responsiveness increases slightly with the pace of appreciation.
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The magnitude of the effects of the interaction of house price appreciation with the
mortgage pricing and the other interest-rate-related metrics can be illustrated through the
marginal effects on the probability of choosing ARM versus FRM financing. Marginal effects
shown in Figures 5a and 5b are evaluated at sample means. The size of the change in each of the
variables considered is equal to one standard deviation (for the entire sample period). Figure 5a
shows three elements of the marginal effects for the mortgage pricing margins and the term
premium, and Figure 5b shows the results for short-term interest rate term structure and interest
rate volatility. The green bars show the marginal effects of the variables when house price
appreciation is equal to zero, and the other variables measured at their means. The red bars show
the marginal effects (offset) due to the interactions with house price appreciation measured at its
mean. The blue bars show the overall effect of changes in the mortgage pricing terms the other
interest rate-related metrics when house price appreciation is measured at its mean.
In Figure 5a, all the marginal effects are economically and statistically significant. In the
case of the ARM margin (arm), for example, with zero house appreciation, a 0.8 percentage
point increase in the margin (one standard deviation) would reduce the probability of choosing
ARM financing by 11 percentage points. To put that figure in perspective, in the sample the
ARM share of mortgage originations in 2005 was 43 percent.17 Measured at its mean for the
sample period, the interaction with house price appreciation reduces the marginal effect of a
change arm by about one-third. The offset for FRM margin (frm) is also about one-third, relative
to when house price appreciation equals zero. For the term premium, the offset is relatively
small, though statistically significant.18
In Figure 5b, again measured at the variables’ means, for a 1.1 percentage point increase
in the short-term interest rate structure, the house price appreciation reduces the impact on the
probability of selecting ARM financing by 4 percentage points (about 1/3 of the variable’s
impact when there is no house price appreciation). As suggested by the results in Table 2, the
interaction with house price appreciation increase somewhat the expected negative effect of
interest rate volatility on the probability of a borrower choosing ARM financing. Although the
effect is statistically significant, the effects of interest rate volatility tend to be small. In the
17

Here, the probability of an individual borrower selecting ARM financing ranges from zero to 100percent.
The results for expected short-term interest rates and interest rate volatility are similar in terms of the interaction
of house prices reducing the sensitivity of financing choice to the variables.
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figure, a one standard deviation change in the MOVE index has a small effect on mortgage
choice.19
The magnitudes of the offsets from the interaction between house price appreciation and
the loan pricing terms and other interest-rate-related metrics increase with the pace of house
price appreciation. This is illustrated in Figure 6 for the loan pricing margins and the term
premium. Valuing all the variables at the means for the loans in the sample that fall in the
bottom quartile of house price appreciation, there is little or no offset to the marginal effects
related to house price appreciation. In contrast, for loans in the top quartile of house price
appreciation the offsets are large in size and highly statistically significant. In the top quartile,
the largest proportional effect is for the ARM margin. With the offset, the overall marginal
effect of a change arm on the probability of a borrower’s selecting ARM financing is less than a
third of the effect for borrowers with loans in markets with house price in the bottom quartile. In
all cases, however, overall marginal effects are statistically significant. That is, even with the
effects of house price appreciation, the mortgage rate margins and the term premium have
economically and statistically significant effects on mortgage financing choice, even for
borrowers with observation in the top quartile of house price appreciation.
Estimating the model with all covariates but fixed effects interacted with house price
appreciation (available upon request) did not lead to a different conclusion. Given our focus on
the fundamentals and to facilitate interpretation, we chose to present the results with interactions
for the fundamentals only.
In addition to the effects through the interaction with the loan pricing and other interest
rate metrics, the coefficients on house price appreciation in Table 2 are positive and highly
significant. That is, higher house price appreciation, by itself, increases the probability of a
borrower choosing ARM financing. Figure 7 shows actual, predicted, and counterfactual shares
of ARM financing with observations measured at overall sample means and the means for the
lower and upper quartiles by house price appreciation. The actual (red bars) and predicted (blue
bars) shares of ARM loans in the sample show the probability of ARM choice increase with
house price appreciation. For the counterfactuals (green bars), for each loan, the two-year house
price appreciation prior to closure was set 13 percentage points (one standard deviation) higher

19

For the sample the MOVE averaged about 100, with a standard deviation of about 20.
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than the actual observed value.20 The results of the counterfactual demonstrate that higher
expected house price appreciation would lead to a higher likelihood of selecting an ARM. For
instance, for the borrowers who experienced relatively low house price appreciation during the
sample period (i.e., their house price appreciation fell in the bottom quartile), expectations of
extra appreciation would lead to an increase in the ARM share from about 20 percent to 26
percent. For borrowers who experienced a more rapid house price appreciation (top quartile), the
jump in probability of choosing an ARM would have been larger (from 45 percent to 56
percent). The difference between the predicted and the counterfactual estimates indicates that
the marginal effects in absolute terms rise somewhat, moving from the lower to the upper
quartile.
Regarding the other control variables, lower loan LTVs tend to be associated with
borrowers’ selecting ARM financing vs. FRM financing—both non-option and option ARMs.
The results regarding borrowers with exactly 80 percent down on the first lien (i.e., borrowers
who are more likely to have a second mortgage) indicate that such borrowers are more likely to
opt for ARM financing.
Borrowers with mortgage amounts meeting the conforming loan limits for the GSEs are
more likely to use FRM financing. This is consistent with earlier cited research that finds that
rates on fixed-rate mortgages are lower on loans meeting the conforming standards compared
with otherwise similar larger fixed-rate loans. To the extent the results for the conforming size
variable reflect interest rate differentials, the findings are also consistent with our other results
showing mortgage choice is sensitive to mortgage pricing terms frm and arm.21
The degree of disclosure and credit rating of borrowers also are related to mortgage
financing choice. Borrowers with loans identified in the sample as having full documentation
are more likely to use FRM financing than a non-option ARM. The coefficient on the FICO
score and the lender identification of a loan being subprime indicate that higher risk loans tend to
be associated with ARM financing—both non-option and option ARMs. Finally, higher income
in a metropolitan area is associated with a higher probability of a borrower using ARM financing
20 In the probit analysis, house price appreciation is measured as the two-year log change. Converted to percent
changes, one standard deviation is 13 percentage points.
21
As a robustness check, we also estimated the model for conforming and nonconforming (jumbo) rates separately
(estimation results available upon request). Although there are differences in the size of coefficients for the two
types of loans (the offsets are larger for jumbo loans), our conclusions remain. It is also useful to keep in mind that
over 90 percent of loans in our sample are conforming loans (see Table 2).
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and a higher county unemployment rate is associated with a higher probability of borrowers
using ARM financing, though the result is only statistically significant in the case of FRM versus
option ARMs choice. Relative to 2007, borrowers were less likely to select a non-option ARM
in 2000 and 2001, but were somewhat more likely to choose a non-option ARM in the housing
boom years 2004 and 2005. For option ARMs, the year effect dummies indicate higher shares
for 2004 and 2005, as well as 2002 relative to 2007.

6.2 Results by Credit Risk Group
Based on the results in Table 2 as well as in Figures 5 and 6 we can reject the hypothesis
that house price appreciation does not affect mortgage financing choice. In particular, the
evidence is consistent with higher house price appreciation reducing the sensitivity of borrowers
to fundamentals, which previous research finds have been instrumental in mortgage financing
choices, during the housing boom. Because the housing boom was associated with a notable
increase in the share of higher credit risk borrowers, it is possible that the findings reflect the mix
of borrowers. Related to the hypotheses noted earlier, the mix of borrowers could matter if
mortgage pricing terms and other interest-related metrics are less relevant to borrowers with
lower credit risk ratings or the effects of house price appreciation on mortgage financing choices
are more pronounced for borrowers with lower credit risk ratings.
For empirical analysis of the credit risk groups, we separate the sample into high (FICO
score at origination of 760 or above), medium (FICO score at origination between 651 and 759),
and low (FICO score at origination of 660 or below) groups.22 Table 3a presents results for nonoption ARM vs. FRM loans, and the results for option ARM vs. FRM loans are in Table 3b. The
first three rows of the two tables show estimation results for each of the three credit groups, and
the last two columns show the differences between the high FICO group and the other two
groups.
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Another commonly used cutoff in the literature is a FICO score of 620, as mortgages with borrower FICO scores
just below 620 have lower probability of being securitized than scores just above that cutoff (Krainer and Laderman
2013). Thus, borrowers on either side of the cutoff might have been subjected to different screening procedures and
faced different loan pricing options. We estimated the model separately for those with FICO scores below 620 and
those with scores between 620 and 659 (results available upon request), and the estimation results do not alter our
conclusions.
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Tables 3a and 3b present the results by credit risk group. The results from the probit
estimation indicate that the relation of fundamentals to mortgage financing choice for each of the
credit risk groups is statistically significant and their signs are consistent with those for the
overall sample. For non-option ARMs in Table 3a, when house prices are flat (house price
appreciation is zero), lower FICO groups are found to be more sensitive to the key loan pricing
and interest rate terms. On balance, the difference between the coefficients for high FICO and
the other two groups are statistically significant (the exceptions are (1) the sensitivity to interest
rate volatility, which, for the most part, is not found to be statistically different between the three
subgroups, and (2) the ARM margin, where only the difference between low and high FICO
groups is statistically significant). For the option ARMs in Table 3b, in the fewer instances in
which the coefficients on the loan pricing terms and interest rate metrics (not interacted with
house price appreciation) differ significantly between the high FICO and lower FICO groups, the
results are consistent with greater sensitivity among the lower FICO groups.
The offsetting effects of house price appreciation on the sensitivity to fundamentals
related to loan pricing terms and interest rate metrics are evident across risk ratings. The offsets,
however, tend to be larger in magnitude for the lower FICO groups. For non-option ARMs, the
coefficients related to the offsets to the ARM margin, term premium, and short-term interest rate
term structure are statistically significant and larger in magnitude for the low FICO group
compared with the high FICO group. For the medium FICO group, the difference is also
significant in the case of the term premium.23 For option ARMs, the magnitude of coefficients
related to the offsets are significantly larger for the low FICO group compared with the high
FICO group in the case of the loan pricing margins.24 In no instance is the difference significant
and larger in magnitude for the high FICO group.
With respect to house price appreciation itself, only the medium FICO group’s response
to house price appreciation is found to be significantly higher than that for the high FICO group
for the choice between FRM and non-option ARM financing. For house price volatility, the
coefficients had the expected sign and were significant for the low FICO group in Table 3a and
for the medium and low FICO groups in Table 3b.
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As for the overall sample, the interaction of house price appreciation and interest rate volatility tends to reinforce,
rather than offset, the expected effect of interest rate uncertainty on mortgage financing choice.
24
The difference in the offset also is significant for the short-term interest rate structure for loans with low LTV
ratios.
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These results indicate that, on balance, lower FICO groups tend to be more sensitive to
loan pricing and other interest-rate-related metrics when house prices are flat, but some of the
offsets from the interaction with house price appreciation tend to be more pronounced for low
FICO borrowers. On balance, the lower FICO groups tend to be more, or at least as, responsive
to fundamentals as borrowers in the high FICO group. This is illustrated in Figures 8a-8c, which
shows the overall marginal effects of ARM margin (Figure 8a), FRM margin (Figure 8b), and
term premium (Figure 8c) on the probability of choosing an ARM mortgage evaluated at sample
means, as well as at the means for the top and bottom quartile of house price appreciation.25 The
marginal effects for each of the risk groups are statistically significant. The figure also indicates
that the marginal effects tend to be larger in magnitude for the low FICO groups compared with
the high FICO group. The one exception is the small difference for ARM margins in the top
quartile of house price appreciation.
The results, then, are consistent with lower FICO borrowers, on balance, being at least as,
if not more, sensitive to key loan pricing and other interest rate metrics compared with high
FICO borrowers. At the same time, the unconditional propensity to select ARM financing was
higher among low FICO borrowers during the peak of the housing boom, as indicated in Figure
9, which shows monthly average shares of ARMs for high and low FICO groups, as well as the
fitted values from our model. As Figure 9 demonstrates, our estimated model captures the
dynamics of ARM shares well.
During the housing boom, the higher ARM shares for the low FICO group appear to have
been due largely to combined differences in sensitivity to and the values of the borrower credit
risk metrics (borrower FICO score and subprime designation). This is illustrated in Figures 10a
and 10b. The figures show estimated critical values related the probability of choosing nonoption (Figure 10a) and option (Figure 10b) ARMs in 2005 for high (red bars) and low FICO
borrowers (blue bars). The critical values are derived using the estimated coefficients from
Table 3 applied to the respective mean values in 2005 for the high FICO and low FICO groups.
Given a standard normal distribution, the critical values imply estimated non-option shares of 20
and 40 percent for the high FICO and low FICO groups, respectively. The corresponding sample
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Note, in Figures 8a-8c we do not show the decomposition of the overall effect into the effect
under zero house price appreciation and the offset.
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shares are 20 percent and 38 percent. The estimates are the same as the actual shares for option
ARMs, 4 percent for the high and 11 percent for the low FICO groups.
In the figures, the green bars show the contributions from the groupings of right-hand
side variables to the difference between the two critical values—that is, the green bars sum to
0.59 [(-.23)-(.82)] in Figure 10a and to 0.57 [(-1.23)-(-1.80)] in Figure 10b. The market metrics
include the mortgage pricing terms, other interest-rate-related terms, as well as those variables
interacted with house price appreciation. The nonprice terms include the LTV metrics, whether
loans are conforming, and the degree of documentation. The credit risk metrics include FICO
score and the subprime designation. The housing metrics include house price appreciation and
the standard deviation of house prices. The income metrics include the median county income
and the unemployment rate. The fixed effects include the time effects, the state effects, and the
constant term.
In the figures, among the groupings of the variables, the combined effects of market
metrics tend to push up the share of ARMs for the low FICO group relative to the high FICO
group. For option ARMs the income groups also tend to push up the low FICO share. Also for
both ARM choices, the credit risk metrics grouping pushes up ARM share for the low FICO
borrowers relative to the high FICO cohort. . For the other groupings, notably fixed effects, the
net impact lowers the predicted ARM for the low FICO group (raises it for the high FICO
group).
Figures 10a and 10b indicate that credit risk metrics worked to raise the ARM shares of
low FICO borrowers compared with high FICO borrowers during the peak of the housing boom.
Obviously, the low FICO group has lower average FICO scores and also a higher share of
subprime borrowers (Table 7). Figure 11 plots estimated ARM shares for high and low FICO
groups along with the ARM share for the low FICO group that would arise under a
counterfactual scenario, where all borrowers in the low FICO group are given the average
monthly FICO scores and subprime shares of the high FICO group. The results imply that the
impact of the credit risk variables is quite powerful, and that the low FICO borrowers would
have had ARM shares even below those of the high FICO group if they were given higher FICO
scores and fewer of them had loans with subprime designation.
This exercise does not answer the question of why credit risk metrics can explain a large
part of the differential in ARM shares between low and high FICO groups. As previously
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discussed, it could be that these metrics proxy for the degree of financial sophistication of
borrowers, as opposed to the results reflecting economic decisions related to the effects of risk
aversion, credit constraints (affordability), or differences in expectations regarding refinancing
horizons among the two groups of borrowers. It is worth noting, however, that our findings that
low FICO borrowers are at least as sensitive to the fundamentals related to mortgage pricing and
other interest-rate-related metrics as the high FICO group seem more consistent with economic
considerations affecting decisions compared with an explanation that relies on a systematic lack
of financial sophistication among borrowers in the low FICO group.

6.3 Robustness Checks: Isolating the States with Rapid House Price Appreciation
Seven states in our sample (AZ, CA, FL, NV, HI, MD and VA) experienced
exceptionally rapid house price appreciation during the housing boom in comparison to the other
states in the sample.26 To check whether our conclusions are driven by these seven states, we
consider two subsamples: one with these seven states and one excluding these seven states (i.e.,
the other 39 states and the District of Columbia). Estimation results for the two subsamples are
presented in Tables 4a and 4b. Mortgage pricing and other interest terms have the expected sign
for both sub-samples and are significantly different from zero. Moreover, for the coefficients on
loan margins and the other interest-rate-related metrics when house price appreciation is zero, the
differences between the coefficients for the non-option ARM vs. FRM choice for the two
subsamples tend to be small and generally not statistically significant (Table 4a). For option
ARM vs. FRM choice, only the difference in the sensitivity to FRM margin is significant (with
high appreciation states showing more sensitivity). For the non-option and the option ARM vs.
FRM choice the differences in results for the two subsamples mainly involve the various control
variables.
The results for the interactions of loan margins and interest rate metrics for the states in
the two subsamples in Tables 4a and 4b are similar, with a few exceptions. The exceptions
among the offsets (coefficients on the key explanatory variables interacted with house price
appreciation), however, are not systematic. In the case of non-option ARMs, the offset on the
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The average appreciation during 2003-2005 (housing boom) period was 26percent in AZ, 35percent in CA,
31percent in FL, 36percent in HI, 38percent in NV, 31percent in MD, and 29percent in VA. For comparison, the
average appreciation during the same period was 13percent for all other states in the sample.
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ARM margin is larger in magnitude for the high appreciation states, but this is the only
statistically significant difference in the offsets. For option ARMs, there is only one marginally
significant difference in the offsets.
These results regarding the loan margins and other interest rate metrics indicate that the
full sample results are not driven by the seven high appreciation states. This is illustrated further
in Figure 12, which shows marginal effects for the ARM margin, FRM margin, and term
premium for the full sample and the sample that excludes the seven high appreciation states. As
before, the marginal effects are shown for three different sets of values for explanatory
variables—at the sample means and at the means for the top and bottom quartile of house price
appreciation. The total effects for the full sample and the subsample are similar. One difference
is the effect of changes in the ARM margin is larger in magnitude for the sample excluding the
seven high appreciation states when derived using the average values of the explanatory
variables from the observation corresponding to the top quartile of house price appreciation.
This reflects the relatively large offsetting effect from the interaction of house price appreciation
for non-option ARMs on the ARM margin for the seven high appreciation states. In fact, for
those states, separate estimates show that the total marginal effect of the ARM margin is positive
and significant when derived for the top quartile of house price appreciation for the sub-sample
of high house price appreciation states.
With regard to the coefficients on house price appreciation and house price volatility, the
results for the sample excluding the seven high appreciation states have the expected signs and
are highly significant, for both non-option and option ARMs. In fact, for the non-option ARM
results, the coefficient on house price appreciation is larger in magnitude for the larger
subsample (perhaps reflecting more variation in house prices in this subsample compared with
the subsample of high appreciation states). In the case of house price volatility, only the sample
covering the larger set of states has the expected sign.
The results for the two subsamples for the three credit risk groups also indicate that the
full sample effects are not driven by the states that experience especially rapid house price
appreciation in the housing boom. For the sample that excludes the seven high appreciation
states, estimation results by FICO group are presented in Tables 5a (for non-option ARM vs.
FRM mortgage choice) and 5b (for option ARM vs. FRM mortgage choice). The results for the
seven high appreciation states are presented in Tables 6a and 6b. The results by FICO group for
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the larger sample (Tables 5a and 5b) are very similar to those for the overall sample for the loan
margins and other interest rate variables. The coefficients representing the effects for house
price appreciation at zero mirror those for the overall sample—that is, with the results showing
higher sensitivity for the lower FICO groups. The interaction effects also are similar. The
coefficients on house price appreciation in Table 5a are larger than the corresponding metrics for
the overall sample, which is consistent with the findings in Table 3.
7. Conclusion
During the housing boom in the 2000s, gains in house prices were especially high and far
outstripped gains in rental rates. The analysis in this paper presents evidence that in the boom
years house price appreciation did impact the influence of fundamentals in mortgage borrowers’
decision making. In particular, we find that house price appreciation weakens the link between
mortgage financing choice and fundamentals as measured by mortgage pricing terms and other
interest-rate-related metrics.
The housing boom also was marked by greater access to mortgage credit for lower credit
rated borrowers. For these borrowers, we find countervailing evidence regarding the role of
fundamentals and the effects of house appreciation. In the absence of house price appreciation,
the mortgage pricing terms and other interest-related metrics are more relevant to borrowers with
lower credit risk ratings. On the other hand, the dampening effects of house price appreciation
on the influence of fundamentals are more pronounced for borrowers with lower credit risk
ratings. On balance, low credit rated borrowers tend to be at least as responsive to interest rate
fundamentals as high risk rated borrowers.
Lower credit rated borrowers in the sample did have higher propensity to choose ARM
financing, even taking into account the effects of mortgage pricing terms, other interest-raterelated terms as well as other control variables. Also, among lower credit rated borrowers that
propensity appears to be positively related to borrowers’ FICO scores. In light of the evidence
related to loan pricing terms, other interest rate metrics, and fixed effects, the relation of the
credit risk metrics to mortgage financing choice seems more consistent with economic
considerations affecting decisions compared with an explanation that relies on a systematic lack
of financial sophistication among borrowers in the low FICO group.
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Finally, the findings related to the effects of house price appreciation and credit risk
ratings on mortgage financing choices during the housing boom do not appear to be driven by the
states that experienced unusually high house price appreciation during the housing boom.
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Figure1. House Price Index and Price/Rent Ratio

Figure 2. Home Sales and Homeownership

Figure3. ARM Shares: Historical Series

Figure 4. Sample ARM Shares by FICO Group

Figure 5a. Marginal Effects At Sample Means

Figure 5b. Marginal Effects At Sample Means
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Figure 6. Marginal Effects at Select Values

Figure 7. ARM Share by Appreciation Regime
Direct Effect of House Price Appreciation
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Figure 8a. ARM Margin: Overall Marginal Effect
by FICO Group

Figure 8b. FRM Margin: Overall Marginal Effects
by FICO Group

Figure 8c. Term Premium: Overall Marginal
Effects by FICO Group

Figure 9. Actual and Fitted ARM Shares
by FICO Group
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Figure 10a. Contributions to the Difference in
Predicted Non‐option ARM Shares

Figure 10b. Contributions to the Difference in
Predicted Option ARM Shares

Figure 11. Fitted and Counterfactual ARM Shares
by FICO Group

Figure 12. Marginal Effects by Sub‐Sample
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Table 1. Summary Statistics (Standard Errors in Parentheses)
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Table 2. Mortgage Choice (Purchases Only; Full Sample)
Robust Standard Errors in Parentheses; *, **, and *** denote significance at 10, 5, and 1 percent levels,
respectively.
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Table 3a. Mortgage Choice by FICO Group.
Non-Option ARM vs. FRM Choice. Robust Standard Errors in Parentheses; *, **, and *** denote
significance at 10, 5, and 1 percent levels, respectively.
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Table 3b. Mortgage Choice (Purchases Only; Full Sample) by FICO Group.
Option ARM vs. FRM
Robust Standard Errors in Parentheses; *, **, and *** denote significance at 10, 5, and 1 percent levels,
respectively.
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Table 4a. Mortgage Choice by House Price Appreciation
Non-Option ARM vs. FRM Choice.
High Appreciation Subsample includes AZ, CA, FL, HI, MD, NV & CA.
Robust Standard Errors in Parentheses; *, **, and *** denote significance at 10, 5, and 1 percent levels
respectively.
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Table 4b. Mortgage Choice by House Price Appreciation (Option ARM vs. FRM)
High Appreciation Subsample includes AZ, CA, FL, HI, MD, NV & CA. Robust Standard Errors in
Parentheses; *, **, and *** denote significance at 10, 5, and 1 percent levels, respectively.
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Table 5a. Mortgage Choice for Sample Excluding AZ, CA, FL, HI, MD, NV & CA by FICO
Non-Option ARM vs. FRM Choice.
Robust Standard Errors in Parentheses; *, **, and *** denote significance at 10, 5, and 1 percent levels,
respectively.
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Table 5b. Mortgage Choice for Sample Excluding AZ, CA, FL, HI, MD, NV & CA by FICO
Option ARM vs. FRM Choice.
Robust Standard Errors in Parentheses; *, **, and *** denote significance at 10, 5, and 1 percent levels,
respectively.
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Table 6a. Mortgage Choice for AZ, CA, FL, HI, MD, NV & CA by FICO
Non-Option ARM vs. FRM Choice.
Robust Standard Errors in Parentheses; *, **, and *** denote significance at 10, 5, and 1 percent levels,
respectively.
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Table 6b. Mortgage Choice for AZ, CA, FL, HI, MD, NV & CA by FICO.
Option ARM vs. FRM Choice. Robust Standard Errors in Parentheses; *, **, and *** denote significance
at 10, 5, and 1 percent levels, respectively.
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Table 7. Summary Statistics by FICO Group in 2005.
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