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1. Introduction

The recent financial crisis was triggered by large and unexpected losses on
mortgages and mortgage-backed securities, suggesting widespread failure of risk
management tools used in the valuation of those complex assets. Yet traditional
economic analysis of portfolio choice and equilibrium asset pricing typically relies on the
assumption that investors are perfectly informed as the value of parameters that affect
asset returns. But in the real world investors must estimate parameters from noisy
empirical data, producing imperfect estimates at any particular point in time. To make
matters worse, technological change may alter the fundamental underlying relationships
so that parameter values are non-stationary over time. The effect of this parameter
instability on asset pricing has been a topic of wide interest in finance; however, most
existing research focuses on equity markets. In this paper, we extend consideration to the
mortgage market, today the largest component of the overall bond market, and the
precipitating cause of the financial crisis that began to affect markets in 2007. We
evaluate the effect of estimation risk, sometimes called model risk, on pricing mortgages
and mortgage-backed securities. Model risk is particularly acute in the valuation of
mortgages and mortgage-related assets since cash flows are to a considerable extent
interest rate dependent due to the call option embedded in the typical contract’.

Even before recent mortgage market turmoil, many commentators noted the size
and growing importance of the mortgage market in the overall capital market. Indeed,
the mortgage market is now larger than either the government bond market or the

corporate bond market and is approaching the size of those two other segments



combined®. Given the embedded call option in mortgage contracts, correctly modeling
borrower refinancing behavior is a central problem in mortgage valuation. Econometric
models of mortgage prepayment typically use data from prior periods to estimate the
probability of refinancing conditional on interest rate levels, loan seasoning, and other
factors. These models are then used to predict future prepayment rates under simulated
interest rate conditions. But if market conditions are evolving over time such that model
parameters are unstable, predictions may diverge widely from actual results. In the
current paper, we examine this problem and price mortgages using option-adjusted spread
(OAS) techniques incorporating prepayment models based on disaggregated loan level
event histories. Results suggest an economically significant difference in asset values
associated with parameter instability over time. We obtain comparable results across
well-known term structure models. This model risk may help explain the large losses

often incurred by mortgage market participants during bond market rallies.

2. Literature Review

Early theoretical research focusing on portfolio choice under parameter
uncertainty includes Barry [1974], Klein and Bawa [1976], Klein and Bawa [1977],
Brown [1979] and Bawa and Brown [1979], Barry and Brown [1985], Coles and

Lowenstein [1988], and Coles, Lowenstein, and Suay [1995]. These papers focus on

! In addition, where credit risk is insured, such as in agency MBS, any defaults in the underlying pool
translate into prepayments to the investor.

2 According to the Securities Industry and Financial Markets Association (www.sifma.org), as of Q2 2008,
the total mortgage-backed securities market was $7.6 trillion. After adding $2.5 trillion in asset-backed
securities, which includes non-shelter credit card receivables, as well as home equity, and manufactured
housing assets, the total market comes to $10.1 trillion, about 32% of total market size. As of the same
date, the Treasury bond market (excluding agency issues) stands at $4.7 trillion and the corporate bond
market total at $6.2 trillion.



equity markets, for example, construction of portfolios when mean return vectors are
known but covariance matrices are not.

The literature is much smaller when we turn to the bond market. It has become
widely recognized that term structure volatility is not constant over time and,
accordingly, the pricing of fixed income instruments optimally incorporates stochastic
volatility. Bliss and Smith [1997] argue that choice of model and parameter stability is
closely connected. They re-examine the often cited Chan, Karolyi, Longstaff, and
Sanders [1992] analysis of term structure volatility and the ability of various single factor
term structure diffusion processes to model rate movements over the period 1964-1989.
Bliss and Smith argue that a structural break occurred during the early 1980s due to Fed
policy, i.e. that parameters were not stable over the study period. A related analysis
focusing on the effect of alternative interest rate processes on the value of mortgages, in
particular, appears in Archer and Ling [1995]. These papers, in effect, focus on model
choice and parameter stability given model choice, with respect to the term structure
model. But to price mortgages, and by extension mortgage-backed securities, one needs
both a term structure model and a prepayment model. Our contribution here is to focus
on the prepayment component of the pricing equation.

We have not been able to find published research that specifically quantifies this
aspect of model risk in mortgage pricing, although Bernardo and Cornell [1997] provide
some evidence of the magnitude of the difference in mortgage and MBS valuation by
major investment firms. They report dispersion in bids for 32 auctioned collateralized
mortgage obligations (CMOs) of 63%, with greater dispersion for those issues that extend

further into the future, noting that “CMO tranches are highly sensitive to prepayments.”



Bernardo and Cornell conclude that “sophisticated investors do not agree on some
combination of the specification of the model, the underlying interest rate process, or the
prepayment function” (page 798). In this paper we are able to focus on the prepayment
function issue noted by Bernardo and Cornell and measure its impact controlling for
choice of term structure model.

Turning now to the mortgage research literature, we note initially that the volume
of work on termination risk in general, and prepayments in particular, is vast, so our
survey here is necessarily abbreviated. A number of themes are, nevertheless, evident.
Among the earliest to examine the topic were Dunn and McConnell ([1981a], [1981b]),
Green and Shoven (1986) and Quigley (1988), all of whom identified the role of interest
rates as well as borrower mobility on rates of mortgage prepayment, and Schwartz and
Torous (1989) who related prepayment rates to the valuation of mortgage-backed
securities. Academic interest in the topic accelerated during the early 1990s with
theoretical papers by Brueckner (1992), Follain, Scott, and Yang (1992), Kau et al
(1992a, 1992b), Brueckner (1994), and Stanton (1995). These papers dealt with optimal
exercise of the borrower’s call option given stochastic interest rates and the implications
for mortgage contract design and pricing, both of mortgages and mortgage-backed
securities. Concurrently, Wall Street firms were developing proprietary prepayment
models for use in valuation routines that supported their trading strategies (Richard and
Roll [1989], Patruno [1994], and Hayre and Rajan [1995], Cheyette [1996], Hayre,
Chaudhary, and Young [2000]).

The refinancing wave of 1993 followed by the sharp increase in rates during 1994

produced large losses for many market participants, reinforcing the business imperative



to develop better models®. As Kalotay, Yang, and Fabozzi [2004] note: “Econometric
prepayment models have consistently failed during fast prepayment periods.”* During
the latter half of the 1990s, many researchers turned their attention to institutional
constraints that might reduce prepayments, even when call options appeared to be deep in
the money (Peristiani et al. [1996], Archer et al. [1996, 1997], Caplin et al. [1997], Green
and LaCour-Little [1999]). These studies identified declines in collateral value, credit
status, and other macroeconomic forces, such as unemployment, as significant factors
inhibiting prepayment. Research in the late 1990s and into the new century re-focused on
the role of borrower mobility (Clapp, Harding, and LaCour-Little [2000]), Pavlov
[2001]), a more complex econometric treatment of mortgage termination risk using a
competing risk framework (Deng, Quigley, and VVan Order [2000], Ambrose and LaCour-
Little [2001]), and the use of non-parametric methods (Maxam and LaCour-Little [2001],
LaCour-Little, Marschoun, and Maxam [2002]). At this same time, researchers began to
examine other factors, such as the signaling effect of borrower points (Stanton and
Wallace [1998]) and the effect of house price movements on prepayment rates (Mattey
and Wallace [2001])

Relatively less has been written linking institutional and technological change in
the mortgage industry with borrower behavior. Arora, Heike, and Mattu (2000) review
historical returns in the mortgage-backed securities sector during the 1990s. They find a

“...steady improvement in refinancing efficiency over the past decade, which has caused

A more recent example of major losses involving the valuation of mortgages is Homeside Lending, Inc.
This top ten U.S. mortgage lender was acquired by National Bank of Australia in 1997 for approximately
$1.0 billion; the parent announced in September 2001 a write-off of $1.2 billion to cover unanticipated
losses in the valuation of mortgages and mortgage servicing rights.

* Kalotay, Yang, and Fabozzi [2004], page 6.



prepayment models to consistently understate mortgage callability.”® LaCour-Little
(2001) reviews the effect of technology on the mortgage industry over the last decade,
noting clear evidence of declining mortgage servicing costs but limited evidence of
declining mortgage origination costs. Peristiani, Bennett, and Peach (1998) argue that the
mortgage market has evolved considerably since the 1980s as a result of technological,
institutional, and competitive market forces causing greater rates of prepayment during
the 1990s than would otherwise have been expected. In their empirical analysis,
Peristiani et al. use loan level data, including credit scores, to compare a cohort of loans
originated during 1984-1990 to a cohort originated during 1991-1994, using hazard
model techniques. They report an increased propensity to refinance among the latter
group.

Recently a large volume of literature has also emerged to address the subprime
mortgage market collapse, the effect on the housing market, and the resulting contagion
to other financial market sectors (see, for example, Cutts and Sanders [2008], Demyanyk
and Van Hemert [2008]; Foote et al [2008]; Gorton [2008]; or Whalen [2008]). Focusing
more broadly on risk management processes, Stulz [2008] proposes six distinct types of
risk management failure, the first of which is mismeasurement of known risks. In the
context of mortgage asset valuation, prepayment is, of course, a known risk. We would
argue that assumption of parameter stability over time constitutes an example of
mismeasurement of this type.

Our contribution here is to re-focus attention on the temporal stability of the

parameters of the prepayment function, using carefully constructed micro-level data from

® Arora, Heike, and Mattu (page 6).



two most recent refinancing waves, and the pricing impact of this instability.

Specifically, we estimate a semi-parametric Cox hazard models for each of the two
cohorts and find the response to the refinancing incentive to be greater in the 1997 cohort,
compared to the 1992 cohort, when measured over comparable duration. We find an
additional interesting effect in the decline in the constraining effect of contemporaneous

LTV, apparent in the 1992 cohort but significantly diminished in the 1997 cohort.

3. A Theory of Mortgage Prepayment

Following Archer, Ling, and McGill [1996], one may represent the total

probability of mortgage termination, At , for all reasons, as:

Att = Aottt (1-2pt) [Ame+ (T-Amt) pnme ] (1)

where Ap is the probability of termination due to default at time t, Ay is the probability
of terminating due to moving at time t, and Ap nmt IS the probability of terminating due
refinancing in place (prepaying and not moving) at time t. Since we employ a very short
time horizon in our data (essentially the first 36 months of loan life), we make the
simplifying assumption that Ap¢ = vt = 0. Clapp, Harding, and LaCour-Little (2000),
using data in which movers could be separated from refinancers, found that the
cumulative probability of mobility for FRM borrowers was approximately .045 over a
three and one-half year period during the mid-1990s, so our assumption regarding

mobility seems reasonable.



The potential savings that can be realized over the remaining life of the loan drive
refinancing decisions. Consider a mortgage with book value BV(r.,t), where r is the
contract rate of interest. The value of BV(r,t) declines over time according to its
amortization schedule, with a loan term of n. At any point in time, t, household wealth is

given by

Wt:FAt+(Ht-MVt) (2)

where FA; are other net financial assets at time t, H; is house value at time t, and MV; is
the market value of the mortgage at time t. MV is a function of contractual loan
payments, remaining loan term, n-t, and the market rate of interest, rp,.

Household wealth maximization implies a pure refinancing strategy, namely,

minimizing the value of MV,. This is accomplished by following the rule:

Prepay when (MV(rm,t) / BV(r.,t)) >1 3)

In other words, the borrower should prepay the loan as soon as the option goes into-the-

money, that is, as soon as the market rate of interest declines below the contract rate on

BV(r.,t). Inthe presence of transaction costs, TC, however, the rule becomes:®

Prepay when (MV(rm,t) / (BV(r,t) + TC)) > 1 4)

® Transactions costs will also sometimes lead borrowers to postpone prepayment even when the option is in
the money, because of the hysteresis effect described in Dixit and Pindyck (1998).
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If transaction costs were declining over time, due to institutional and technological
change, we would expect to see rates of prepayment increasing over time for a given
level of refinancing incentive, i.e. parameters of the prepayment function would be not be
stable over time. In the econometric specification that follows, we use MV/BV as the
measure of refinancing incentive.

Given the computational burden of evaluating partial differential equations and
issues of path dependency, pricing of mortgages and mortgage-backed securities given a
term structure diffusion and prepayment and default models is typically done via Monte
Carlo methods. Credit risk of minimal concern at the security level at least for
conforming loans that are packaged into agency securities, since those bear the guaranty
of Fannie Mae, Freddie Mac, or Ginnie Mae. Accordingly, default is often ignored and
pricing algorithms focus on cash flows subject to prepayment (call) risk. Multiple
interest rate paths are generated using the term structure model selected and along each
path the prepayment model generates cash flows as a function of simulated interest levels
and other factors.” For a given price, the option adjusted spread (OAS) is calculated as
the spread over simulated treasury rates that equates price to the average present value of
expected cash flows over all simulated paths. Alternatively, for a given OAS, we may
solve for price by averaging the present value of expected cash flows discounted at
treasury plus OAS over all simulated paths. In the analysis that follows, we use the
commercially available WINOAS software to generate simulated interest rate paths and
an empirically derived prepayment model to generate cash flows given simulated interest

rates. We then discount the cash flows generated at simulated treasury spot rates plus a
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typical OAS value to compute pseudo asset prices and examine how those vary given the

prepayment model data used.

4. Data

Data is drawn from the servicing records of a major mortgage market participant
that prefers anonymity. Samples were drawn from two origination years: 1992 and 1997,
henceforth referred to as the 92 cohort and the 97 cohort. The mortgage market changed
in a fairly significant way in between these two years, since credit scoring and then
automated underwriting was widely adopted during 1995. For a detailed discussion of
the evolution of the mortgage market over the decade of the 1990s, including the role of
technology, see LaCour-Little [2000], which documents industry consolidation, driven by
scale economies, especially in loan servicing. As a result, real origination costs per loan
have been held constant, producing declining average costs per dollar of loan volume, as
loan size has increased with housing prices over time. This greater efficiency in the
mortgage industry would be expected to pass through to borrowers in the form of reduced
transaction costs, leading to greater refinancing sensitivity.

Figure 1 shows the path of mortgage and treasury rates interest rates between
1992-2003. As can be seen from this graph in both cohort years, mortgage interest rates
were predominately in the 7.50-8.50% range, followed by market rallies in 1993 and
1998 that produced rates about 100 basis points lower, in the 6.50-7.50% range.

[Insert Figure 1 about here]

" Typical factors included in Wall Street and proprietary prepayment models include loan age, loan balance,
contract type, coupon, some measure of path-dependent coupon burnout and, possibly, loan-to-value ratio,
geography, origination channel, and credit score.

12



We select 30 year fixed rate mortgage loans from both cohorts with note rates
ranging from 8.00-9.00%, so as to have loans that clearly would experience incentives to
refinance within 24 months of loan origination. Since, with this data set, we cannot
distinguish mobility from refinancing behavior, we are effectively assuming that mobility
within 24 months of home purchase is negligible. All of the loans used are 30-year
conventional fixed rate mortgages that were subsequently sold to Fannie Mae. All were
originated for home purchase, as opposed to refinancing an existing loan. This is an
important distinction, since with refinancing loans, mortgage age is not equal to time at
current residence®. Many prepayment analyses pool these distinct loan types together
applying a single seasoning factor, a questionable procedure given the measurement error

in the age variable. Table 1 presents descriptive statistics for the two cohorts.

5. Empirical Methodology for Prepayment Model

Hazard models have been widely used in the mortgage termination literature, so
we provide only a brief overview here. The set-up for the Cox proportional hazard
model begins by defining the time to prepayment, T, as a random variable, which has a
continuous probability distribution, f(t), with t a realization of T. The cumulative

probability is defined as

F(t)=] f(s)ds=Pr(T <t (5)

0

® In econometric terms, the borrower’s tenure in the house, when measured by loan age, is a truncated
variable, whereas for purchase money loans, housing tenure is equal to loan age. For refinancing loans, we
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from which the survival function follows as

St)=1-F@t)=pPr€ =¢_, (6)

The survival function describes the probability that the time to prepayment will be of

length at least t. The probability (1) that a prepayment will occur in the next short interval

of time, 4t, given that the borrower has not prepaid prior to time t is defined as:

1 €At Spr€<T <t+AT 2t @)

From this probability, the hazard rate is defined as

o Pr ST <tHAT 2t f (1)
h(t)= lim SRAUN
At=>o” At S(t)

(®)

Adding k covariates, some of which may be time-varying, we can write the model as:
Hi(t) = Ao(t) exp (BiXis + BoXia(t) + ... fiXik) 9)

In (5), Ao(t) is the baseline hazard rate, X is a vector of covariates, and £ is the vector of

parameters to be estimated. Finally, taking logs of both sides, we have the model to be

estimated by the Cox method of partial likelihood:

know only that the homeowner has been in the house for at least the length of the current loan.

14



log Hi(t) = at) + SiXis + SoXio(t) + ... BiXik (10)

On of the attractions of the Cox model is that the baseline hazard factors out in the
estimation of the likelihood function; accordingly, results for the covariates are
independent of any particular baseline hazard rate. While this is useful for researchers
interested in assessing the effect of a particular covariate on the hazard, it makes model
predictions more difficult, since one must assume some particular baseline hazard form.

Again, for consistency with Wall Street approaches, we simply assume 100%
PSA as the baseline hazard rate.® Such a pattern is consistent with the household
mobility interpretation of the baseline hazard. Once in a new home, given transaction
costs, households are unlikely to move during the first two-three years, but as time
passes, the probability of a move increases, eventually leveling off at a constant rate of
6% annually.

Turning now to model specification, which we will hold constant across the two
classes of models, we have a number of covariates available. Loan characteristics include
original loan size (ORIBAL), original and time-varying loan-to-value ratio (ORIGLTV,
CLTV), and loan origination date. The note rate on the mortgage is captured in the time-
varying ratio of the market value of the loan to the book value of the loan (VALPO), a

proxy for the value of the borrower’s prepayment option. Borrower characteristics at

° The Public Securities Administration (PSA), now the Bond Market Association, established the PSA
standard for measuring prepayment speeds. 100% PSA implies a linear monthly increase in prepayment
speed over the first 30 months of mortgage life, followed by a constant rate of 6% thereafter. Wall Street
conventions often describe a pool as having speeds equivalent to some multiple of PSA, e.g. 200 PSA.
This can, and usually does, mean not a constant prepayment speed but a time-varing speed that is
equivalent to the particular constant PSA speed, in terms of either weighted average life or bond yield.

® Loan balances were amortized based on stated term and contract rate and house values updated using the
publicly available OFHEO state level house price indices. In future versions of this paper, we hope to use
zip code level CSW house price indices for collateral valuation updating.
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time of loan origination include age (BRWAGE) and income (INCOME), measures often
used to proxy for household wealth and level of financial sophistication.

Loan balances were amortized based on stated term and contract rate. House
values updated using the publicly available OFHEO state level house price indices. We
also use MSA level OFHEO house price indices for collateral valuation updating. The
Public Securities Administration (PSA), now the Bond Market Association, established
the PSA standard for measuring prepayment speeds. 100% PSA implies a linear monthly
increase in prepayment speed over the first 30 months of mortgage life, followed by a
constant rate of 6% thereafter. Wall Street conventions often describe a pool as having
speeds equivalent to some multiple of PSA, e.g. 200 PSA. This can, and usually does,
mean not a constant prepayment speed but a time-varying speed that is equivalent to the
particular constant PSA speed, in terms of either weighted average life or bond yield.

We tried several specifications but, in the interest of brevity and to focus on
pricing effects, only report the best results, which do not include either of the borrower
characteristics. This is consistent with LaCour-Little [1999] that finds very limited
effects of borrower characteristics, after eliminating prepayments produced by borrower
mobility and with Archer, Ling, and McGill [1997] who argue that demographic factors
often simply proxy for mobility differences, not real differences in refinancing
sensitivity. Our final specification includes only amortized loan balance (AMORTBAL),
contemporaneous LTV (CLTV), and refinancing incentive (VALPO). We also include a
dummy variable (DUMB80) equal to one, if the CLTV is greater than 80% and zero

otherwise, since such mortgages may be relatively more difficult to refinance. Finally,
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we add the house price volatility (PROBNEG) as a measure of negative equity in the
house.

Consistent with much of the previous literature, the refinancing incentive is
defined as the present value of the mortgage at market rates divided by current book
value. We estimate the volatility of house prices using the standard deviation of the
corresponding MSA OFHEO house price index in the previous 36 months. We use the
house price volatility (PROBNEG) as a measure of negative equity in the house. We
expect that a household with negative equity in the house is less likely to take advantage
of the positive prepayment option value of the loan. In rare events where we do not have
the corresponding MSA OFHEO house price index we use the corresponding state level
OFHEO price index.

Obviously, the 1992 cohort has had a much longer history than the 1997 cohort.
In order to control for this difference, we only examine prepayment performance over the
first 42 months of loan life, i.e. 1992-1995 (roughly) for the 92 cohort and 1997-2000 for
the 97 cohort. We chose 42 months, since this was the longest duration available from
the 97 cohort. In each case, the 42-month period incorporates a subsequent refinancing
wave (the 1993 rate drop for the 1992 cohort and the 1998 rate drop for the 1997 cohort).
For the 1997 cohort, the observation date, therefore, the censoring date is June, 2000

while that for the 1992 cohort is June, 1995.

6. Results

We show the descriptive statistics of the loan characteristics and borrower

characteristics of both the 1992 cohort and the 1997 cohort in Table 1. Overall we find
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that sampled loans are representative of the period geographically and calendar-wise
while at the same time showing wide variations in important loan characteristics and
borrower characteristics.

Panel A of Table 1 shows the descriptive statistics of the 1992 cohort. The sample
size is 1215. Sample loans are originated throughout the year. Note rates of loans range
between 8.00% and 9.00% with the mean and the median note rates of 8.50%. Loans are
originated from all states except Alaska. Loan to value ratios vary widely ranging from
16.00% to 90.00%. The mean and the median loans have loan to value ratios of 71.81%
and 77.60%, respectively. Most loans have a term of 360 months. The mean and median
borrower wages are $39,207 and $37,000, respectively. Borrowers’ wage and income
vary widely. The mean and median borrower wages are $64,223 and $58,704,
respectively. Finally, FICO scores vary widely as well with the mean and the median
scores of 741.05 and 758.

Panel B shows the corresponding figures for the 1997 cohort. The sample size is
slightly smaller (N=1065). Overall, we find that the sample loans exhibit comparable
characteristics to those of the 1992 cohort. We conduct a univariate analysis of the loan
characteristics variables and borrower characteristics variables between the two cohorts.
As shown in Panel C, differences are economically minor for all variables except loan to
value ratios and FICO scores. These small differences are statistically significant only for
note rates and discount points. The increase in loan to balance ratio may reflect the
enhanced capability of the mortgage market to underwrite high risk loans, which is
consistent with the technological innovation in the mortgage market during the study

period.
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To see whether indeed the borrowers of the 1997 cohort prepaid faster that those
of the 1992 cohort, we compare the proportion of prepaid loans and the average age of
prepaid loans at prepayment and report the results in Table 2. The univariate analysis is
consistent with the mortgage market innovation hypothesis. Of the 1992 cohort, about
38% prepays within 42 months window (by June 1995) while about 51% of the 1997
cohort prepays within 42 months window (by June 2000). The chi-square test statistics is
38.08 with the p-value of essentially zero. This is consistent with the hypothesis that
innovations in the mortgage market in the 90s led to a faster prepayment.

However, we find that the mean age of the prepaid loans of the 1997 cohort is
19.14 months while that for the 1992 cohort is 19.69. There is little difference in how fast
these prepayments occurred. It appears that the decrease in transaction costs helped those
at the margin to prepay, i.e., those who would not have taken advantage of the
prepayment option otherwise.

We show the descriptive statistics of the regression variables of both the 1992
cohort and the 1997 cohort in Table 3. Again, overall the regression variables have
similar distribution between the two samples. We note that the present value of payments
to balance ratios ranges between 0.955 to 1.227 for the 1992 cohort and from 0.902 to
1.223 for the 1997 cohort. The house price volatility of the 1997 cohort is greater with
the standard deviation rising up to 6% reflecting the house price run-up that starts around
1997.

[Insert Table 3 about here.]
We investigate the sensitivity of the prepayment decision to the prepayment

option value for the 1992 cohort and the 1997 cohort using the Cox proportional hazards
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model and the logit model and the regression estimates are reported in Table 4. We
present the results of the Cox proportional hazards model in Panel A of Table 4. As
expected, the coefficient of the refinancing incentive is clearly larger for the 97 cohort
(24.195) than the 92 cohort (17.997). In other words, the 97 cohort was considerably
more sensitive to refinancing opportunities, relative to the 92 cohort. We present the
results of the logit model of prepayment in Panel A of Table 4. Similarly, the coefficient
on the refinancing incentive is clearly larger for the 97 cohort (50.320) than the 92 cohort
(18.609).

[Insert Table 4 about here.]

As expected, mortgage balance has a positive influence on prepayment decision in
both cohorts. Coefficients on amortized loan balance are essentially identical across the
two cohorts (1.113 for the 92 cohort; 0.593 for the 97 cohort). The coefficients on the
contemporaneous loan-to-value ratio are negative for both cohorts, but significant only
for the 1992 cohort. This is consistent with the explanation that refinancing incentive
apparent in a high loan-to-value ratio is outweighed by other countervailing consideration
of a high loan-to-value ratio including refinancing constraint on a borrower with a high
loan-to-value ratio. On the other hand, the coefficient on the variable CLTV over 80% is
positive and significant for the 97 cohort, whereas it is positive and not significant for the
92 cohort. We do not have a coherent explanation for this result. The house price
volatility variable is negative and significant only for the 1992 cohort as expected from
the negative equity argument.

In Table 5, we present results of the Cox proportional hazards model where we

use the entire event history of individual observations up to the observation date by
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calculating all the time-varying regression variables to the origination date. In Panel A,
we use an equal event history period of 42 months for both cohorts. As result of the time
series generated for each loan in the sample the number of observations of the 1992
cohort rises to 36,980 while that for the 1997 cohort rises to 29,828. We find that results
of the hazard models are similar to those using the data only at the end of each loan
observation for both the 92 cohort and the 97 cohort. One notable difference is that the
house price volatility variable is negative and significant even for the 1997 cohort as
expected from the negative equity argument.

The difference in the interest rate component of the refinancing sensitivity
between the two cohorts narrows with the full event history data. The interest rate
component of the prepayment propensity as shown by the coefficient of for the present
value of payments to balance ratio, which is a measure of the call option value of the loan,
is 18.9 for the 1992 cohort and 20.0 for the 1997 cohort. It indicates that if we use the
parameter value of the interest rate component of prepayment propensity of the 1992
cohort for the estimation of the prepayment behavior of the 1997 cohort, the probability
of prepayment will be understated roughly three times, which is the ratio of the
exponentials of the coefficients, i.e., exp(20.0-18.9). While not reported as a table, we
find that the interest rate component of the prepayment propensity of the 1997 cohort is
about twice as large as that of the 1992 cohort when we use the difference between the
note rate of the mortgage loan and the current mortgage rate as the proxy for the
moneyness of the call option of the mortgage loan. The estimation of the change in the
prepayment sensitivity to interest rate drop suggests that the doubling of prepayment

speed is feasible over the study period.
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[Insert Table 5 about here.]

In Panel B, we consider the scenario where we estimate the prepayment function
using the event history of the 1992 cohort up to June, 2000 where the number of
observations rises to 69,108. The result shows that we would again underestimate the
prepayment propensity of the 1997 cohort if we use the coefficient of 17.8 for the present
value of payments to balance ratio, where the correct value would be 20.0. Finally, we
consider the scenario where we estimate the prepayment function using the event history
of the combined cohorts so that the number of observations is 98,936. We find that we
would underestimate the prepayment propensity even more using the coefficient of 12.9

for the present value of payments to balance ratio.

7. Model Error and the Pricing of Mortgages

We now turn to the main question we wish to consider; namely, what effect do
these differences have on mortgage pricing?

To evaluate the effect of the prepayment speed on the mortgage valuation, we
price mortgages with premium mortgage interest rates. Premium mortgage loans should
price above par and lose value as prepayment speed rises. We first price mortgage loans
statically where we use a flat static term structure and then we price mortgage loans
dynamically where we use stochastic term structure models. Static pricing results are
tabulated in Table 6 and the corresponding graphs are in Figure 3 while dynamic pricing
results are tabulated in Table 7 and the corresponding graphs are in Figure 4. For both
static and dynamic pricing, the current mortgage rates are 8%, 8.5% and 5.25% on the

valuation dates of June 30, 1997; June 30, 1997; June 30, 1997, respectively.
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In Table 6, we show the static prices of premium mortgage loans as a function of
both prepayment speed expressed as multiples of 100 PSA (columns) and premiums in
note rates (rows). The responses of the value of 8% premium mortgages to the varying
prepayment speeds expressed as PSA multiples are shown in Panel A. The drop in value
of a mortgage with 40 basis points premium rate, as the prepayment speed rises from 200
PSA to 400 PSA, is about 63 basis points. The drop in value of a mortgage loan with 80
basis points premium rate is about 127.71 basis points as the prepayment speed rises from
200 PSA to 400 PSA. The impact of doubling of prepayment speed is clearly
economically significant where losses measured as drop in the value of a mortgage loan
can be up to a few hundred basis points. As we vary the base mortgage rates, we find
similar results as shown in Panel B where the base mortgage rate is 8%, which is the rate
as of June 30, 2000 and in Panel C where the base mortgage rate is 5.25%, which is the
rate as of June 30, 2003.

[Insert Table 6 about here]

[Insert Figure 2 about here]

Next, we price mortgages with discount mortgage interest rates. Discount
mortgage loans should price below par and gain value as prepayment speed rises. We
price discount mortgage loans statically where we use a flat static term structure and
pricing results are tabulated in Table 7 and the corresponding graphs are in Figure 4.
Results are as expected.

[Insert Table 7 about here]

[Insert Figure 3 about here]
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Next, we price mortgages dynamically, that is, we model the borrower’s
refinancing behavior in valuing the mortgages and mortgage-backed securities allowing
the interest term structure to behave stochastically. The dynamic aspect of the pricing is
implemented using the Monte Carlo simulation where interest rate processes are
implemented using the Black-Karasinski model and the Black-Derman-Toy model,
whose main characteristics are explained briefly in Appendix 2. We simulate an
appropriate number of interest rate paths and price a current coupon mortgages using a
series of different prepayment hazard models in different yield curve environments (flat,
inverted, and steep). At each pricing date, we present results varying parameters of the
term structure simulation, as well as parameters of the prepayment function, so that we
have effectively controlled for differences in term structure model.

When we model and price a mortgage-backed security we deal with two
dimensions of complexity: (1) modeling the dynamic behavior of the term structure of
interest rates, and (2) modeling the prepayment behavior of mortgage holders. The
standard way of solving this valuation problem has been to assume a stochastic process
for term structure movements and to employ either an option pricing approach (e.qg.,
Brennan and Schwartz, [1985], Dunn and McConnell [1981], Stanton [1995]) or an
empirical model (e.g., Schwartz and Torous [1989] and Waldman [1992]) for prepayment
behavior. We follow the empirical valuation approach.

To preview the results: the cost of model error (using historical experience from
the 92 cohort to price mortgages experiencing the 1998 refinancing wave) ranges from
3-356 basis points, depending on other term structure model choices and parameters. For

example, pricing an 8% mortgage pool as of June 30, 1997 using the 1992 prepayment
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model parameters and an OAS of 80 basis points produces a value of 105.3638,
compared to a value of 103.8552, using the parameters of the 1997 model and setting
other covariate values to overall means, a difference of 85 basis points, when volatility is
set at 12% and mean reversion at 0.05.° Additional results are shown in Table 8. In
what follows, we describe our method in more detail.

Since we value a whole mortgage loan in the same way as a mortgage backed
security, which is simply a weighted average of the market values of the underlying
mortgage loans, we discuss the valuation of a mortgage loan only. We solve the standard
partial differential equation of the value of a mortgage loan using simulation method as
outlined in Schwartz and Torous [1989]. We do not impose an optimal call condition on
the part of the mortgagor to value the mortgage-backed security. Rather, the value of the
mortgage backed security reflects the fact that at each point in time there exists a
probability of prepayment, which is estimated separately. We price the mortgage loan by
discounting the cash flows to the investor in the mortgage loan, where the discount rate is
the sum of the simulated forward rates on a riskless security and an appropriate option
adjusted spread. The relationship between the discount rate and the forward rates is as

follows:

Z.(n)= [+ f(MIL+ f,(M]..[1+ f, (] 5 -1 (11)

where Zz_(n) is the discount rate at time T on the simulated interest rate path n

and f,(n) is the forward interest rate at time t on the simulated interest rate path n.

19 Arora, Heike, and Mattu [2000] report average 30-year mortgage returns for the years 1989-1999 using
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Therefore, the present value of the cash flow at time t on the forward interest rate

path n is:

CF.(n)
CF (m)] = t 12
PV R (1 = K] (12)

where PV [CF,(n)] is the present value of the cash flow at time t on the simulated
interest rate path n, CF (n) Iis the cash flow at time t on the simulated interest rate path n,
Z,(n) is the discount rate at time t on the simulated interest rate path n, K is the option

adjusted spread (OAS), and the cash flow in each month is the sum of interest payment,
scheduled principal repayment and predicted principal repayment.
The present value of all cash flows on the simulated interest path n for a

mortgage-backed security with 30 years time to maturity is then:

PV [MBS (n)] = PV[CF (n)] T PV[CF,(n)]+..* PV[CF.,, (n)] (13)

The present value of a mortgage-backed security is then evaluated as:

PV [MBS = — PV [MBS (n)] (14)

n=1

where N is the number of simulated interest rate paths.

Theoretically, the option adjusted spread is estimated by setting:

OAS values from 74-84 basis points and the Lehman Brothers prepayment model.
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P, = PV [MBS ] = %Z PV [MBS (n)] (15)

where P, is the observed market price of the mortgage-backed security.

We report the results based on the implementation of the Black-Karasinski model
where we generate random interest rate paths using a lognormal diffusion process with
input parameters for mean reversion and spot rate volatility. We estimate the mean
reversion parameter using the interest rate time series of 3 month treasuries. We use the
mean reversion parameter of 0.05 estimated from the sample period of January, 1992 to
December, 2003 to generate the Monte Carlo interest rate simulation paths. We use
quadratic spline method and Svensson method to fit the initial term structure.

We select dates of June 30, 1997, June 30, 2000, and June 30, 2003 as pricing
dates, representing different term structure environments and take the current coupon
mortgage rate at each date. As shown in Figure 2, as of June 1997, the yield curve is
quite flat, as of June 2000 it is inverted (predicting the upcoming recession), and as of
June 2003 it is normal. In Figure 4, we also show the fitting results of the initial term
structure using quadratic spline method and Svensson method.

[Insert Figure 4 about here]

We assume default rates of zero for all three valuation dates. For the valuation on
June 30, 1997, we assume a constant mortgage-treasury spread of 119 basis points, which
is the mortgage spread over Treasury on that date. Similarly, for the valuation on June 30,
2000, we assumed a constant mortgage-treasury spread of 247 basis points; for the

valuation on June 30, 2003, we assumed a constant mortgage-treasury spread of 170 basis
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points. We then price a normalized $1 mortgage loan subject to (partial) prepayment risk
described by the hazard models based on either the 92 cohort or the 97 cohort of data, by
taking the present value of the cash flows at an 80 basis point OAS over the simulated
treasury spot rates. In this case, our approach controls completely for differences in the
parameters of term structure model choice and, of course, for the choice of prepayment
model. Accordingly, residual pricing differences are entirely attributable to prepayment
model parameter differences.

At each pricing date, we price the current coupon 30-year fixed rate mortgage
with 3 different term structure assumptions. First, we use zero volatility, expecting this
assumption to produce the largest mortgage value. Next, we price at 12% and then 16%
volatility, with mean reversion set to 0.05, expecting the value of the mortgage to decline
and to decline more at the higher volatility level, consistent with an increase in the value
of the prepayment option under higher volatility."* In Table 7 we do find that, as expected,
the higher volatility, the lower are the values of the mortgage loans.

[Insert Table 7 about here]
As of June 1997, we price an 8.0% 30-year fixed rate mortgage. At that point in time, the
10-year Treasury stands at 6.51%, the 1-year Treasury is at 5.67%, and three-month
Treasury is at 5.25%, a much flatter yield curve environment than has been the case in
recent years. In each of the term structure scenarios, the price of the mortgage is higher
using the 92 model parameters, compared to the 97 model parameters, with differences
ranging from 85-101 basis points as we double the interest rate sensitivity of prepayment

from 12 to 24.
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We do not find it surprising that in the flat yield curve environment, faster
prepayment leads to lower prices for premium mortgages. Because borrowers prepay
more quickly when the value of the outstanding loan balance is above par, investors’
expected capital gains fall. This was also shown in Table 6 where we use the static
pricing.

Next we price an 8.50% 30 year fixed rate mortgage as of June 2000, a date on
which the yield curve is inverted. In particular, the 10-year treasury rate is 6.03%
(implying a much wider mortgage-treasury spread than was the case in June 1997), the
one-year treasury is at 6.44%, and 3-month treasury is at 6.02%. Here pricing effects are
of the same sign but larger in magnitude. Again, prices are higher using the 92 model
parameters compared to the 97 model parameters, across all three scenarios, with price
differences reaching a few hundred basis points under realistic scenarios.

As a third test, we price a 5.25% 30-year fixed rate mortgage as of June 30, 2003,
a date on which the yield curve is normal. 3-month treasury and the one-year treasury
both stand at 0.90% and 1.09%; the 10-year treasury is at only 3.54%, a near-historic low.
In this case, pricing differences are more reduced. The reduction in the decrease in value
as the prepayment speed rises is likely to result from the secondary effect that the earlier
prepayments are made where interest rates are lower compared to later periods
dampening the effect of the faster prepayment of premium mortgage loans.

In general, however, our results support the notion that model risk does matter

and that increased refinancing sensitivity has, in effect, reduced the value of otherwise

1 Zero volatility in this context does not imply a flat term structure; rather, rates evolve over time
consistent with the actual yield curve as of that date, producing mortgage rates that increase initially then
delcine and vary within a tight range of 8-9% over the entire simulation period.
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identical mortgage assets over the last decade or so. We attribute this result to
technological change and reduction in transaction costs.

It is worth contemplating the extent to which this matters. When one considers
how leveraged Fannie Mae and Freddie Mac are, it may well matter a lot. The firms have
equity of around three percent of assets.*? This means that if the price of the securities
they own falls by 50 basis points, the value of their equity falls by 15 percent—not
enough to threaten solvency, but a substantial amount, nevertheless. While firms can use
a variety of hedging instruments to insulate themselves against interest rate risk, model
risk is almost impossible to hedge against.

Archer and Ling [1995] evaluate the effect of alternative interest rate processes on
the value of mortgage-backed securities. They report different pricing characteristics of a
simple lognormal process, the square root process of Cox, Ingersoll and Ross and the no-
arbitrage process of Black, Derman and Toy. We use the term structure model of Black,
Derman and Toy, [1990] as well. While not reported as a table, we obtained qualitatively
comparable results where we obtain a significant overvaluation of mortgage loans and

mortgage-backed securities using the incorrect parameters.

Conclusions

We have analyzed the prepayment response rates of loans originated in the early
1990s compared to the late 1990s, a period during which technological change and
increased efficiency, together with generally robust macroeconomic conditions, made

mortgage refinancing an increasingly available option to most households. We conclude

12 Because of accounting issues, it is actually difficult to know how much on-balance sheet capital the firms
have at the moment.
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that interest rate sensitivity has changed significantly over the decade and that the
constraints of high LTV have diminished. Moreover, the model risk associated with
pricing using one response function versus another can produce economically significant
differences in asset values. In our simulations, the pricing difference can be up to a few
hundred basis points in asset values and most pronounced in an inverted yield curve
environment. Accordingly, practitioners would be well advised to explicitly incorporate
potential parameter drift into models used to price mortgages and mortgage-backed
securities.

In this paper we focused on prepayment, rather than default, although the latter is
arguably more relevant to the recent subprime mortgage market collapse and related
spillover effects. The two risks are inter-related, however, as borrowers who are unable
to refinance due credit constraints or reduced equity arising from house price declines
will have an elevated risk of defaulting. Additional research on parameter stability in

mortgage default models will be an important extension to the research.
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Appendix 1. Data Sources

Data

Source

30-year conforming fixed rates mortgage
market interest rates (monthly time series)

OFHEO repeat-sales house price index at
both the state level and the metropolitan
statistical area level (monthly and quarterly
time series)

Metropolitan statistical area code

FHLMC (Federal Home Loan Mortgage
Corporation) website
(www.freddiemac.com)

OFHEOQ (Office of Federal Housing

Enterprise Oversight) website
(www.ofheo.gov)

Census bureau website (www.census.gov)
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Appendix 2. Specification of the processes for the interest rate on a riskless security

used for the mortgage-backed security pricing

Black-Karasinski

Specification

dinr)= R —amr d +o.a

Mean of d(In r)
between (t,t+ At)

[t—aln rtﬂt

Standard deviation
of d(In r) between

(t,t +At)

o Jat

Black-Derman-
Toy

Specification

d(Inr,)=0dt+0.dz

Mean of d(In r)
between (t,t + At)

HtAt

Standard deviation
of d(In r) between

(t,t +At)

o Jat

The above equations indicate that In r, follows a Weiner process.
Using yields from appropriate benchmark instruments, specifically, a set of treasuries, we

deduce the initial forward curve. We carry out Monte Carlo simulations of the forward
interest rates on riskless securities using the processes described above and the initial

forward curve.
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Table 1. Sample Distribution

Panel A. 1992 Cohort

N Mean Median Standard Minimum Maximum
deviation
Loan
characteristics
Origination month 1215 5.52 5 3.04 1 12
Note rate (%) 1215 8.50 8.50 0.30 8.00 9.00
Discount point 667 1.56 1.50 1.25 0.00 5.19
Original balance 1215 $115,957 $115,220 $45,862 $19,000 $210,000
State code 1215 23.74 31 12.99 2 51
Loantovalue 1215 71.81 77.60 14.38 16.00 90.00
ratio (%)
Term 1215 358.28 360 13.60 240 360
Borrower
characteristics
Age 1210 39.21 37.00 10.94 20.00 85.00
Income 1151 $64,223 $58,704 $40,017 $12,840 $918,504
FICO score 701 741.05 758.00 53.85 456 819
Origination month: January=1 to December=12, successively
State code: Alaska=1 to Wyoming=51, alphabetically ascending order
Panel B. 1997 Cohort
N Mean Median Standard Minimum Maximum
deviation
Loan
characteristics
Origination month 1065 5.59 6 1.98 1 11
Note rate (%) 1065 8.21 8.13 0.21 8.00 9.00
Discount point 667 1.14 0.00 0.30 0.00 2.08
Original balance 1065 $114,990 $110,000 $49,964 $15,000 $273,150
State code 1065 23.02 29 12.14 1 50
Loan tovalue 1065 79.31 80.00 16.59 15.10 95.00
ratio (%)
Term 1065 358.82 360 10.71 240 360
Borrower
characteristics
Age 1060 40.65 38.00 12.34 19.00 85.00
Income 1151 $61,775 $53,712 $35,958 $12,768 $315,780
FICO score 943 723.27 733.00 56.86 514 819
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Panel C: Univariate Analysis of Sample Difference

1992 cohort 1997 cohort  Difference  t-statistics p-value p-value
mean mean based on based on
parametric Wilcoxon
tests two sample
test
Loan
characteristics
Origination month 5.52 5.59 -0.07 -0.70 0.486 0.005
Note rate (%) 8.50 8.21 0.29 27.34 0.000 0.000
Discount point 1.56 1.14 1.42 28.86 0.000 0.000
Original balance ~ $115,957 $114,990 $967 0.48 0.632 0.32
State code 23.74 23.02 0.72 1.38 0.171 0.214
Loan to balance 71.81 79.31 -7.50 -11.46 0.000 0.000
ratio (%)
Term 358.28 358.82 -0.54 -1.02 0.309 0.210
Borrower
characteristics
Age 39.21 40.65 -1.44 -2.93 0.003 0.025
Income $64,223 $61,775 $2,448 1.50 0.133 0.000
FICO score 741.05 723.27 17.77 6.46 0.000 0.000

The t-statistics reported assume unequal variances. The p-values reported are two-sided.
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Table 2. Univariate Analysis of the Prepaid Loans between the 1992 and 1997

Cohorts
1992 cohort 1997 cohort Difference Test statistics p-value
Total number of loans 1215 1002
Number of loans 754 524
outstanding
Number of prepaid loans 461 541
Proportion of loans 37.94 50.80 -12.86 38.08 0.000
prepaid (%)
Average age of prepaid ~ 19.69 19.14 0.55 1.38 0.167

loans at prepayment
(months)

The test statistics for comparing the proportions of the prepaid loans in the total between the two cohorts is
chi square while the test statistics for comparing the average age of the prepaid loans at prepayment
between the two cohorts is t-statistics. The t-statistics reported assumes unequal variances. The p-values

reported are two-sided.
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Table 3. Descriptive Statistics of Regression Variables

Panel A. 1992 Cohort

N Mean Median Standard Minimum  Maximum
deviation
Loan age (months) 1,215 28.01 33 10.49 3 42
Cotemporaneous balance 1,215  $112,741  $107,494 $49,204 $14,628 $265,746
Contemporaneous loan to 1,215 68.26 71.40 15.27 12.60 93.14
value ratio (%)
Present value of payments 1,215 1.053 1.019 0.069 0.955 1.227
to balance ratio
House price volatility 1,215 0.010 0.010 0.005 0.003 0.039
Panel B. 1997 Cohort
N Mean Median Standard Minimum  Maximum
deviation
Loan age (months) 1,065 30.52 34 9.43 6 42
Cotemporaneous balance 1,065  $113554  $113,065 $45,083 $18,612 $203,505
Contemporaneous loan to 1,065 68.88 72,51 14,52 14.15 107.13
value ratio (%)
Present value of payments 1,065 1.096 1.098 0.047 0.902 1.223
to balance ratio
House price volatility 1,065 0.018 0.020 0.007 0.002 0.060
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Table 4. Estimation of the Sensitivity of the Prepayment Decision to the Prepayment
Option Value for the 1992 Cohort and the 1997 Cohort

Panel A: Using Cox proportional hazard model

1992 cohort 1997 cohort
Log of cotemporaneous balance 1.113 (74.57; 0.000; 3.043) 0.593 (33.34; 0.000; 1.809)
Contemporaneous loan to value -0.011 (7.90; 0.005; 0.989) -0.003 (0.52; 0.470; 0.997)
ratio (%)
Present value of payments to 17.997 (251.74; 0.000, 6.5E7) 24.195 (751.59; 0.000; 3.2E10)
balance ratio
Contemporaneous loan to value 0.122 (0.62; 0.43; 1.13) 0.233 (3.35; 0.067; 1.262)
ratio >80%
House price volatility -10.260 (2.06; 0.15; 0.00) -0.133 (0.000; 0.989; 0.876)
N 1,210 1,065
Censored observation 754 524
Likelihood ratio (chi-square) 341.35 1112.80
p-value 0.000 0.000

Within brackets, we show chi-squares, first; p-values, next and hazard ratios, last.

Panel B: Using logit model

1992 1997
Intercept -33.585 (258.98; 0.000) -58.258 (119.18; 0.000)
Log of cotemporaneous balance 1.143 (72.29; 0.000) 0.614 (6.183; 0.012)
Contemporaneous loan to value -0.012 (7.68; 0.006) -0.014 (2.394; 0.122)
ratio (%)
Present value of payments to 18.609 (233.02; 0.000) 50.320 (145.43; 0.000)
balance ratio
Contemporaneous loan to value 0.024 (0.02; 0.882) 0.668 (3.56; 0.059)
ratio >80%
House price volatility -4.583 (0.398; 0.528) -53.99 (4.42; 0.035)
N 1,210 1,065
Prepayment observation 456 541
Likelihood ratio (chi-square) 306.20 1125.07
p-value 0.000 0.000

Within brackets, we show Wald chi-squares, first and p-values, next.
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Table 5. Coefficients on Cox Proportional Hazard Prepayment Models Using the

Event History Data

Panel A. Using an equal event history period of 42 months for both cohorts

1992 cohort 1997 cohort

Log of mortgage 1.480 0.084
balance in year at risk (127.06) (87.08)
Contemporaneous loan- -0.017 -0.006
to-value (16.92) (5.91)
Present value of 18.90 20.0
pa)_/ments to balance (553.66) (448.89)
ratio
Contemporaneous LTV 0.091 -.078
> .80 (0.36) (0.14)
House price volatility -35.06 -19.51

(24.42) (3.00)
N 36,980 29,828
Likelihood ratio 865.60 637.27

We show Wald chi-squares in brackets.

Panel B. Using event histories until June, 2000 for both cohorts

1992 cohort 1997 cohort Both cohorts combined

Log of mortgage 0.11 0.084 0.89
balance in year at risk (0.01) (0.009) (0.06)
Contemporaneous loan- -0.01 -0.006 0.02
to-value (0.004) (0.004) (.003)
Present value of 17.8 20.0 12.9
payments to balance (0.82) (0.95) (0.49)
ratio

Contemporaneous LTV 0.34 -0.078 0.27
>.80 (0.14) (0.12) (0.09)
N 69,108 29,828 98,936
Log likelihood -4,374 -4,601 -15,074

We show standard errors in brackets. Chi-square statistic that both years combined is the correct model is
5999. To make baselines comparable, means were removed from the mortgage balance and loan-to-value

variables.
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Table 6. Static pricing of premium mortgages using the mortgage rates on June 30, 1997; June 30, 2000; June 30, 2003

Panel A. Base mortgage rate=8%

PSA speed
0% PSA 100 200 300 400 500 600
Premium
40bp 103.8259  102.7005 102.0767 101.6953 101.4421 101.2628 101.1292
80 107.7013  105.4254 104.1670 103.3990 102.8899 102.5296 102.2615
120 111.6236  108.1731 106.2698 105.1104 104.3428 103.8001 103.3966
160 115.5902  110.9420 108.3841 106.8287 105.8004 105.0740 104.5341
200 119.5985  113.7307 110.5090 108.5535 107.2622 106.3509 105.6740

Panel B. Base mortgage rate=8.5%

PSA speed
0% PSA 0% PSA 0% PSA 0% PSA
Premium

40bp 103.7097  102.6380 102.0392 101.6707 101.4247 101.2497 101.1190
80 107.4635  105.2978 104.0906 103.3488 102.8544 102.5031 102.2408
120 111.2589  107.9778 106.1531 105.0339 104.2888 103.7598 103.3651
160 115.0936  110.6769 108.2260 106.7252 105.7274 105.0196 104.4917
200 118.9652  113.3934 110.3084 108.4223 107.1698 106.2820 105.6203

Panel C. Base mortgage rate=5.25%

0% PSA 100 200 300 400 500 600

40bp 104.5331 103.0700 102.2930 101.8349 101.5394 101.3347 101.1849

80 109.1570 106.1837 104.6097 103.6841 103.0884 102.6763 102.3749
120 113.8680 109.3388 106.9486 105.5467 104.6462 104.0241 103.5697
160 118.6626 112.5332 109.3085 107.4219 106.2122 105.3778 104.7687
200 123.5371 115.7647 111.6879 109.3086 107.7858 106.7367 105.9718




Table 7. Static pricing of discount mortgages using the mortgage rates on June 30, 1997; June 30, 2000; June 30, 2003

Panel A. Base mortgage rate=8%

PSA speed
0% PSA 100 200 300 400 500 600
Premium
40bp 96.2263 97.3254 97.9378 98.3137 98.5640 98.7416 98.8741
80 92.5076 94.6785 95.8912 96.6372 97.1346 97.4881 97.7520

120 88.8466 92.0609 93.8613 94.9712 95.7125 96.2398 96.6338
160 85.2461 89.4743 91.8492 93.3166 94.2981 94.9972 95.5200
200 81.7088 86.9204 89.8561 91.6740 92.8921 93.7608 94.4109

Panel B. Base mortgage rate=8.5%

PSA speed
0% PSA 100 200 300 400 500 600
Premium
40bp 96.3369 97.3853 97.9738 98.3375 98.5809 98.7543 98.884
80 92.7231 94,7954 95.9617 96.6838 97.1677 97.5129 97.7714

120 89.1610 92.2319 93.9648 95.0397 95.7612 96.2764 96.6624
160 85.6533 89.6964 91.9839 93.4059 94.3617 95.0450 95.5574
200 82.2027 87.1906 90.0204 91.7832 92.9699 93.8193 94.4567

Panel C. Base mortgage rate=5.25%

0% PSA 100 200 300 400 500 600

40bp 95.5611 96.9757 97.7321 98.1805 98.4709 98.6726 98.8206

80 91.2197 93.9994 95.4908 96.3774 96.9527 97.3531 97.6472
120 86.9792 91.0731 93.2774 94.5915 95.4463 96.0421 96.4802
160 82.8425 88.1989 91.0933 92.8241 93.9523 94.7400 95.3201
200 78.8126 85.3788 88.9400 91.0759 92.4715 93.4476 94.1673




Table 8. Dynamic pricing of bond prices using the term structures on June 30, 1997; June 30, 2000; June 30, 2003

Panel A. Valuation on June 30, 1997

k=12 k=24 k=36 k(12)-k(24) k(12)-k(36)
zero vol; zero mean rev. 105.3638 104.5173 103.8552 0.85 151
12 vol; 0.05 mean rev. 102.5034 101.4975 101.0044 1.01 1.50
16 vol; 0.05 mean rev. 101.3556 100.3825 99.7968 0.97 1.56

Term Structure :

T =[3; 6; 12; 24; 36; 60; 120; 360];

Y =[5.25; 5.34; 5.67; 6.08; 6.25; 6.4; 6.51; 6.8]

Prepayment Assumption : 100PSA + k*(coupon rate — refinancing rate)

Other Conditions : 8% Coupon, 80bp OAS, 119 Initial Spread, 8000 Simulation

Panel B. Valuation on June 30, 2000

k=12 k=24 k =36 k(12)-k(24) k(12)-k(36)
zero vol; zero mean rev. 109.8570 106.2997 104.4597 3.56 5.40
12 vol; 0.05 mean rev. 108.7972 106.4004 105.0836 2.40 3.71
16 vol; 0.05 mean rev. 106.7151 105.2810 104.1720 1.43 2.54

Term Structure :

T =[3; 6; 12; 24; 36; 60; 120; 360];

Y =1[6.02; 6.51; 6.44; 6.36; 6.30; 6.18; 6.03; 5.90]

Prepayment Assumption : 100PSA + k*( coupon rate — refinancing rate)

Other Conditions : 8.5% Coupon, 80bp OAS, 247 Initial Spread, 8000 Simulation



Panel C. Valuation on June 30, 2003

k=12 k=24 k =36 k(12)-k(24)
zero vol; zero mean rev. 108.2042 108.1732 108.1419 0.03
12 vol; 0.05 mean rev. 107.1025 106.5360 106.0105 0.57
16 vol; 0.05 mean rev. 106.5540 105.5834 105.1021 0.97

k(12)-k(36)
0.06
1.09
1.45

Term Structure :

T =[3; 6; 12; 24; 36; 60; 120; 240];

Y =10.9; 0.98; 1.09; 1.32; 1.66; 2.46; 3.54; 4.52]

Prepayment Assumption : 100PSA + k*( coupon rate — refinancing rate)

Other Conditions : 5.25% Coupon, 80bp OAS, 170 Initial Spread, 8000 Simulation
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Figure 2. Static pricing of premium bond prices using the mortgage rates on June 30, 1997; June 30, 2000; June 30, 2003
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Figure 3. Static pricing of discount bond prices using the mortgage rates on June 30, 1997; June 30, 2000; June 30, 2003
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Figure 4. Term structures on June 30, 1997; June 30, 2000; June 30, 2003 and fitted term structures using the quad-spline
method as well as Svensson method
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