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Multivariate density estimation (MDE) suggests
that mortgage-backed security (MBS) prices can
be well described as a function of the level and
slope of the term structure. We analyze bow this
Junction varies across MBSs with different cou-
pons. An important finding is that the interest
rate level proxies for the moneyness of the op-
tion, the expected level of prepayments, and the
average life of the casb flows, while the term
structure slope controls for the average rate at
which these cash flows should be discounted.
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Though the origination and prepayment bebavior of mortgages
differ substantially across coupons, there remains an unex-
plained common factor in MBS prices. This factor does not seem
to be related to tbe usual suspects and therefore presents a
puzzle to financial economists.

The mortgage-backed security (MBS) market plays a special role in
the U.S. economy. Originators of mortgages [savings and loans (S&Ls),
savings and commercial banks] can spread risk across the economy
by packaging these mortgages into investment pools through a variety
of agencies, such as the Government National Mortgage Association
(GNMA), Federal Home Loan Mortgage Corporation (FHLMC), and
Federal National Mortgage Association (FNMA). Purchasers of MBSs
are given the opportunity to invest in default-free, interest-rate con-
tingent claims that offer different payoff structures from U.S. Treasury
bonds. These elements combine to lower an individual’s cost of ob-
taining a mortgage, creating welfare gains. Due to these gains, the
MBS market is one of the fastest growing as well as one of the largest
financial markets in the United States. For example, in 1993, the face
value of these securities outstanding was $1.5 trillion, in comparison
to approximately $100 million outstanding in 1980.

With increased holdings of MBSs, there have been well-documented
cases of huge monetary losses incurred by financial institutions and
investment groups. The risk management (or lack thereof) of S&Ls’
mortgage portfolios is one example of financial institutions’ vulnera-
bility to price variations in the mortgage market. This vulnerability is
partly due to the complexity of MBS pricing. On one level, pricing
appears to be fairly simple. Fixed-rate mortgages offer fixed nominal
payments; thus fixed-rate MBS prices will be governed by pure dis-
count bond prices. However, the mortgage holder has the option to
prepay the existing mortgage and refinance the property with a new
mortgage; hence MBS investors are implicitly writing a call option on
a corresponding fixed-rate bond. Furthermore, prepayment of mort-
gages (and thus the timing and magnitude of the MBS’s cash flows)
can also take place for reasons not related to the interest rate option.
These complications lead to a nonlinear relation between MBS prices
and interest rate and coupon-specific prepayment variables.

In this article we employ multivariate density estimation (MDE) pro-
cedures to estimate the functional relation between MBS prices and
their fundamentals. There are several reasons why MDE is well suited
to analyzing MBSs. First, although financial economists have good in-
tuition for what the MBS pricing fundamentals are, the exact form
is too complex (or assumption specific) to be determined precisely
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from a parametric model. For example, while it is standard to assume
at least two factors govern interest rate movements, the interaction
between these factors and MBS prices is not well understood.! In
contrast, MDE has the potential to capture previously unrecognized
relations between MBSs and interest rate factors. Second, nonpara-
metric procedures like MDE involve a trade-off between consistent
estimation of a general functional form and estimation error (given a
finite sample). Here, due to the complex nonlinear payoffs of MBSs,
the ability to estimate a flexible functional form is crucial. Moreover,
derivative securities, like MBSs, are spanned by relatively few state
variables and have little idiosyncratic error. Thus sample size plays
less of a role than would normally be true. Third, there have been
few empirical investigations of the determinants of MBS prices —
most investigations have focused on either hedging or prepayment
issues.? Our article is a departure from this previous work. It provides
a nonparametric data analysis of the economic determinants of MBS
prices (especially their relationship with interest rates), together with
a detailed investigation of the possible sources of the pricing errors
that remain after controlling for interest rate factors.

In order to study the finite sample properties of the MDE method,
we first examine a simulated model of MBS prices. In this model
the economy is governed by a two-factor Cox, Ingersoll, and Ross
(CIR; 1985a,b) model. Mortgage prepayments are introduced using a
modified version of the Schwartz and Torous (1989) model, which
captures some of the salient features of prepayment behavior. The
MDE approach is then applied to the simulated economy. For this
particular model, the MDE approach approximates well the functional
form of MBS prices for the majority of the sample’s interest rate range.
For extreme interest rates, however, the MDE method breaks down
and the pricing errors increase rapidly.

The MDE method is then applied to GNMA securities of various
coupons over the period 1987-1994. The data are prices of weekly
TBA (to be announced) GNMAs with coupons ranging from 7.5%
to 10.5% (TBA contracts are just forward contracts, trading over the
counter. More details are provided in Section 3.1). The MDE method-

Current empirical evidence favors a multifactor approach to fixed-income pricing [e.g., Litterman
and Scheinkman (1991), Pearson and Sun (1994), and Stambaugh (1988)], pointing to at least two
factors. For example, nominal prices of fixed income securities may be governed by both real
and nominal factors, indicating that models of interest rates (and prepayment) should contain at
least two factors. Litterman and Scheinkman (1991), for example, approximate these factors by
the level, slope, and curvature of the yield curve. They find that the level and slope capture most
of the movements of the term structure.

For empirical studies of MBS hedging see Breeden (1991), Boudoukh et al. (1995), and Harvey
(1991). Some of the better known articles on prepayment estimation include Richard and Roll
(1989), Schwartz and Torous (1989), and Stanton (1995).
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ology captures the well-known negative convexity of MBS prices.
However, of particular importance, the relation between prices and
the level of interest rates is also shown to be dependent on the slope
of the term structure. We show that at least two factors are necessary
to fully describe the effects of the prepayment option on prices. The
analysis also reveals cross-sectional differences among GNMAs with
different coupons, especially with regard to their sensitivities to move-
ments in the two interest rate factors. For a given GNMA coupon, the
interest rate level proxies for the moneyness of the option, the ex-
pected level of prepayments, and the average life of the cash flows,
while the term structure slope controls for the average rate at which
these cash flows should be discounted.

While the level and slope of the term structure explain most of
the variation of MBS prices, there still remains significant common
variation across coupons. This is surprising given that the most likely
noninterest rate factors — origination and prepayment behavior of
mortgages — differ substantially across coupons. Indeed, a thorough
examination of additional interest rate and prepayment factors (e.g.,
seasoning and burnou) fails to provide an explanation. After taking
the interest rate factors into account, we show that there remains an
unexplained common factor that explains 80% to 90% of the remaining
variation of MBS prices. The source of this variation, which does not
seem to be related to the usual suspects, presents a puzzle to financial
economists.

Mortgage-Backed Security Pricing: Preliminaries

Mortgage-backed securities represent claims on the cash flows from
mortgages that have been pooled together and packaged as a finan-
cial asset. Investors in an MBS receive all payments (principal plus
interest) made by mortgage holders in a particular pool (less some
servicing fee). For many of these securities, the payments are guar-
anteed by government or private agencies so there is no question of
default. In the case of a household default, the agency pays the re-
maining principal of that mortgage in the pool. Thus the pricing of
an MBS can be reduced to valuing the mortgage pool’s cash flows at
the appropriate discount rate. Mortgage-backed security pricing thus
is very much an issue of estimating the magnitude and timing of the
pool’s cash flow.?

For a description of MBSs and their relevant characteristics, see The Handbook of Mortgage-Backed
Securities (Fabozzi, 1993).
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