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ABSTRACT

Hedging Effectiveness of Mortgage Backed Securities Using Empirical and Dealer

Estimates of Duration

Robert Scott

Mortgage duration estimation and the hedging of interest rate risk are topics of
fundamental importance for holders of mortgage b~cked securities. In this study, we
estimate several measures of empirical duration, (market-implied duration), and
compare them with dealer estimates derived from analytical interest rate and
prepayment models. These duration measures are used to calculate hedge ratios with
the intention of hedging the interest rate risk of a wide selection of mortgage backed
securities. Hedged returns indicate that the empirical measures are more effective and
that the single factor estimates provide the best measure of interest rate risk. Hedging
with two futures contracts is generally more effective than one when the risk exposure

to changes in the slope of the yield curve are immunized.
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| - Introduction

The market for mortgage-backed securities (MBS) is the largest fixed-income
market in the world'. MBS are also among the most difficult to understand. An
embedded option, combined with departures from apparent rational behaviour by those
with the option2 make the price performance relatively unpredictable. Unlike mortgages,
other callable bonds will be called when it becomes profitable to do so. Mortgages are
ofien not called even when the mortgagor has a financial incentive to exercise the option.

An MBS is called when the homeowner, or mortgagor, prepays the mortgage,
usually by refinancing at a lower rate. Similarly, a mortgagor can choose to make a
prepayment of less than the full amount of the mortgage, but more than a normally
scheduled principal payment. There is also the issue of mobility, requiring some
homeowners to sell their house and prepay their mortgage. regardless of rates, in order to
relocate. Financing rates lower than the MBS coupon rate lead to an incentive for the
mortgagor to refinance. Higher rates, on the other hand, will cause the mortgagor to
prolong or lock in the mortgage.

The duration risk of an MBS (the dollar weighted average maturity of a security)
can be illustrated as follows. As interest rates fall, the likelihood of early pre-payment

rises, and so the weighted average time to maturity shortens. The opposite holds true for



increasing rates, namely, the number of payments in the future will increase, since the
mortgagor will maintain the mortgage for a longer period.

These unique features of mortgages present quite a problem for the investors who
hold mortgage-backed securities. Many fund managers who hold MBS have a targeted
duration, the dollar weighted average duration of all securities in the portfolio. In certain
cases, fund managers who hold MBS are required to hedge duration risk. Under normal
circumstances, as interest rates fall, the value of a portfolio increases in proportion to the
duration of the portfolio. If there are MBS in the portfolio, however, the duration can
shorten just as rates are falling, causing the portfolio to under-perform the targeted
duraticn. The opposite holds true for increasing rates. Under both circumstances, the
portfolio loses relative to a benchmark. When rates are stable, however, the higher yield
over equivalent credit risk Treasuries causes mortgages to generally outperform the target
duration.

MBS holders try to correctly measure the duration of their securities, but tiiese
estimates are highly dependent upon the model used in the calculations. If the MBS
holder incorrectly measures duration, there is an unknown risk that could seriously harm
the value of a portfolio when interest rates change. Once a measure of duration is
obtained, the investor can use Treasury futures, or other derivative instruments, to target
or eliminate a duration exposure.

Some problems exist with the use of duration to measure the interest rate risk of
these securities. First, duration can capture risk for parallel shifts in interest rates. In

other words, short, intermediate and long rates all move by the same amount at the same



time. Whilc this may account for many interest rate movements, shifts can vary by as
much as 200 basis points between maturities. Another problem is the rate of change in
duration as rates change, known as convexity. This usually only takes on importance for
large changes in interest rates. Premium MBS are generally negatively convex, as
compared to the positive convexity of most non callable risk free securities. This can be
an important factor when there are large changes in the level of interest rates. While

duration can be approximated by the equation3:

iPVCsz

D=t 1
PVB M\

where D is the duration in years, PVCF is the prescnt value of each cash flow at time t=1,
and PVB represents the total value of the bond. Convexity is estimated as the second

moment of price changes with respect to interest rates, formally written as*:

.
> PVCF xtx(t +1)
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Negative convexity suggests that as interest rates rise, the duration of a security
lengthens, and conversely, as the level of interest rates falls, so does the duration.
To estimate duration, an investor may turn to analytical model or ‘street’

estimates which are based on elaborate prepayment inodels. The option used in some




models is valued with an interest rate lattice framework using economic variables to
forecast the amount of prepayments. These models will give a probability weighted
estimate of duration. These estimates are based on several factors, namely, the future
path of short rates, burnout”, coupon, age, geographic location, historical prepayments,
volatility, and other economic variables (see Fabozzi, 1992).

A competing way of estimating interest rate risk is by the use of empirical
measures. A market as large as the MBS market should efficiently price the embedded
prepayment option. Use of an empirical measure can allow for innovations which are not
captured by a prepayment model such as a shift in mortgagor behaviour, or a shift in
refinancing costs which may change the value of the option. In addition, there is a cost
involved in estimation of mortgage durations. Development of a model may be
expensive in data collection, formulation, and maintenance costs, whereas an empirical
measure is more parsimonious in data collection costs and can be updated and re-
estimated with relative ease.

While many studies have examined various mortgage models and empirical
measures of duration, there are several obvious areas for extending this body of
knowledge to incorporate new theoretical advances and estimation techniques. It is the
intention of this thesis to examine the efficacy of hedging using different duration
measures and to develop an empirical model for optimal estimation of the duration of
mortgage-backed securities.

This thesis is organized as follows: In the next section, previous studies of

empirical duration measures are examined. Section III will discuss the time interval and



data sources used in this study. Section IV will present a methodology for testing several
duration measures discussed in Section I, with the objective of testing these measures in
hedged portfolios.  The results of these tests are presented in section V.  Conclusions

and implications for further study are presented in section VI.

Il - Literature review

The price change of a fixed income security can be approximated by the equation:

& Leowp (3)

AP=-D
(I+r) 2

where AP is the change in price, r is the interest rate, C is the convexity, and D is the
duration of the security. For small changes in r, the convexity, C, can be ignored,

resulting in the shorter equation:

(4)

(1+r)

Batlin(1989) describes the hedge ratio which minimizes the variance of the gain

or loss as

H=0 )




where AP, is the change in price on the mortgage. and AP, is the change in price of the
Treasury futures price. Substituting equation 4 into equation 5 for the mortgage and

Treasury prices, at time t, H; . the hedge ratio becomes:

H’ = D%l (())

In other words, an MBS hedge involves a short position relative to the ratio of durations
of the MBS and the underlying asset of the futures contract. As D,, and D, can vary
through time, so will the hedge ratio H,. A second method involves the Ederington
(1979) approach where the hedge ratio is empirically estimated from the least-squares
coefficient of the regression of the security price on its corresponding hedging
instrument. A drawback to this procedure is that the implied hedge ratios are constant
through time which is inconsistent with recent studies (sec e.g. Langowski, Park and
Switzer, 1996). In this paper, we will use the first method so as to provide a way of
accounting for time variation in duration risk of the MBS. In addition, we will
incorporate recent developments in the estimation of duration.

Duration measures are sensitive to the choice of interest rates used and to the yield
dynamics assumptions. Price changes relative to changes in the 2-year rate have a
different elasticity to those of the 10-year rate. If we are to take yield curve dynamics into
account, it is important to examine several different elements of risk embedded in the
yield curve. Litterman, Scheinkman, and Weiss(1991), (henceforth LSW), present a

useful theoretical look at the shape of the curve. They point out that given certain



volatility assumptions, the discount function is downward sloping and convex as rates
increase. Under a multiplicative process, yields are biased higher in the short run, but as
marurity extends, the convexity of the discount function causes yields to decrease. The
result is an increasing, then decreasing discount function. When plotted in maturity
space, the yield curve will usually be upward sloping, but will be humped, decreasing at
the long end.

LSW point to three factors present in the yield curve. The first being the level of
short rates. The second, is the slope of the yield curve, described as the eventual yield for
the short rate, or the long yield. The third is a representation of volatility (which
embodics mean reversion), approximated by a butterfly spread, or the yield difference
between a duration matched portfolio of a short and a long bond and the yield on an
intermediate security.  In the LSW model, volatility can cause the shorter and
intermediate sections of the curve to surge upwards, while the longer end moves
downwards. This can be explained in another way. Since a portfolio consisting of a very
short and a very long security has more convexity than an intermediate security (assume
matched duration), it must have a lower yield to account for the benefit of providing a
volatility hedge. As a result, increases in volatility can be manifested as a bowing of the
intermediate section of the curve relative to the ends to account for the increased value of
convexity. LSW show a very consistent relationship between the butterfly spread and the
implied volatility of interest rates as calculated from bond futures options. The
implication from this research is that a protection from curve reshaping due to volatility,

and flattening/steepening could provide a more effective hedge.



Similarly, Waldman (1992) proposes taking yicld curve dynamics into account
when measuring the risk of MBS. Hu suggests that the correct measure of interest rate
risk is a series of ‘partial’ durations which measure the risk of the security to changes in
yields of particular sections of the yield curve. In other words, this measures sensitivity
to any type of reshaping of the yield curve as opposed to strictly parallel shifts. In effect,
there can be a duration measure for every cash flow of a security. This type of
measurement involves many assumptions about prepayments on a par with those used in
OAS models. Nevertheless, it does show the outer extremie method which can be used to
measure duration to provide the perfect hedge. It could be usefully extended to an
empirical measure, but would still be of limited use to portfolio managers who would
have to hedge as many as 5 maturity areas (i.c. 5 futures contracts to insulatc against
changes in any part of the yield curve).

DeRosa, Goodman and Zazarino(1993) (DGZ) provide the first model for
empirically estimating the durations of MBS. DGZ estimate empirical duration with one

sample regression, estimating the coefficients for the following equation:

A% = ¢ +b,Ar +b,(P—100)Ar +b,(P-100)* ArK, + ¢, (7)
Where K, is a dummy variable, which is equal to 1 when P is greater than 100 and 0.
otherwise. The resulting coefficient b, will be the per dollar increment value of duration.

Equation 7 transformed can indicate the duration based on the price of the mortgage:




D=b, +b2(1’—100)+b3[(P—100)2]K, (8)

The third term, b3, is added to allow for a ch~ ge in pricing behaviour when the price is
at a premium i.e. the coupon is higher than the current mortgage coupon rate. A normal
fixed income securiiy, with a convexity of zero, has a fixed duration irrespective of price.
Under this scenario, all coefficients in equation 8 become zero except for bl. When
convexity is added, the relationship between price and duration becomes roughly linear.
In the case of the MBS, as pric - increases, duration shortens, causing b2 to be negative.
This is explained by prepayment behaviour. As mortgage rates rise, and MBS prices fall,
the mortgagor prolongs the mortgage. When the mortgage is prolonged, the duration of
the MBS increases. Conversely, as rates fall and the price exceeds 100, the mortgagor
prepays the mortgage principal at a considerably faster rate. Since the mortgagor is
allowed to prepay more principal than what is agreed upon in the mortgage, but is not
allowed to reduce principal payments to below thesc levels, there is a non-symmetric
r :lationship between duration and price over and under 100. It is for this reason that b3 is
included in the equation which allows for non-linear shifts in duration for prices above
100.

As a comparison, an analytical model, creating a lattice tree of interest rates will
give a per basis point shift in price for a corresponding shift in interest rates. This
measure is known as effective duration. DGZ compare the empirical measures with
analytical model estimates and found them lower in most cases. The empirical measures

are compared using the 10- and 7-year Treasury rates showing no difference. This is



somev.hat problematic, as it should have been obvious to compare measures with those
from a maturity further from the 10-year yield.

Breeden(1994) compares duration measures of FNMA, GNMA, and 10 and PO
STRIPs®, for use in hedging with Treasury note and bond futures. lle provides two main
findings: First, interest rate elasticity is best described in a two factor model, i.c.. 1 and
10-year rates. Secondly, he finds that averages of dealer estimates of duration based on
prepayment models are more effective than empirical measures. His measurement
criterion is based on root mean squared error of the hedged total returns. e explains
much of the reasoning behind the need to hedge mortgage securitics. His estimates of the
price elasticities given changes in interest rates are obtained as least squares estimate of D
in equation 4. He uses daily data from 1986 to 1994, but hedges only based on quarterly
duration estimates. Given the rapid shifts in empirical duration eviuent in chart I, this
quarterly rebalancing is unrealistic. His "dealer" duration estimate used is the median of
all broker dealer estimates. This makes no assumption of the efficacy of any one model,
and treats all prepayment models as equal. Nevertheless, the median estimate is still
more accurate than the empirical measure.

Breeden finds that estimates of price elasticities overestimate realized values
especially in high coupon areas. In addition, a random walk model showed empirical
durations provided better estimates of next period elasticitics than dealer estimates. The
best model, defined as the one with the lowest mean square forecast error, however, was a
combination of the random walk with the dealer estimates of price elasticities. Futures

hedging, however, provided the best return using the dealer estimates.



A practitioner’s approach is a simple estimation of price elasticity relative to a
given interest rate as shown in Sobti(1995). This method estimates duration directly as a
function of recent price behaviour(i.e. 40 day). A ratic of price changes of mortgages vs.

i0-year Treasuries yields is calculated to get the duration of the MBS. For example:

o
D=4 i 9)
40

where AP, is the change in price of the mortgage, Ar is the change in the 10-year yield,

and D is the duration of the MBS. The D is the time series estimate of D in equation 4.
Often, MBS hedgers will turn to duration measures calculated from an elaborate
option valuation model. This model involves a basic assumption about the behaviour of
interest rates. There are myriad of varying models currently being used. Nevertheless,
they all operate using roughly the same procedure. First, a lattice framework of the
possible future paths of interest rates is created. Some more popular models include Cox,
Ingersoll and Ross (1985), and Vasicek (1977). Once the possible future paths of short
rates has been laid out, the expected level of prepayments are estimated for each node.
This step involves a prepayments model which can accurately estimate the level of
refinancing and prepayments for each level of rates. Once this has been accomplished, a
probability weighted estimate of present value can be calculated, along with duration and
convexity. This process leaves room for errors at every step. Assumptions must be made

about volatility, the diffusion process of interest rates, and the appropriate factors
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affecting the level of prepayments for each MBS. While the body of knowledge in this
area is large, and the number of possible models enormous, the serics selected for this
study should be considered among the best and most often used.

No direct comparison has been done between empirical measures of duration, or
for that matter with more sophisticated multi-factor models. A logical extension of these
studies is a comparison of several duration measures for use in hedging. In this paper, we
will attempt to contribute to the literature by examining the hedging benefits of several of
the alternative empirical duration models. The following measurements of interest rate
risk will be tested and compared for use in alternative hedging portfolios:

1. Empirical measure as calculated by DGZ on a stretching regression basis’

2. Empirical measure as calculated by DGZ on a rolling regression basis

3. 30 Day empirical elasticity

4. 40 day empirical elasticity

5. 2-factor model with short and long rate elasticities similar to Breeden[1994

6. A single factor model using 30 day elasticity, but hedging for parallel and non-
parallel shifts

7. Analytical model estimate from Salomon Brothers

8. Analytical estimate from JP Morgan

These results will be useful in that while some of these variables have been looked

at individually in the past, no study has yet looked at this wide a selection of alternatives.
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In addition, no study has looked at the benefits of accounting for both parallel and non-

parallel shifts simultaneously.

il - Data:

Mortgage prices for Federal National Mortgage Association 6.5, 7, 7.5, 8, 8.5, 9,
9.5, and 10% coupons were obtained from Bloomberg. Pricing observations are daily
between October 1990 and March, 1996. Option adjusted duration measures were
obtained from Salomon Brothers®, and JP Morgan’. Treasury futures settle prices were
obtained for the 2-, 5-, 10- year, and long bond contracts. The cheapest to deliver bond
was calculated as per Hull and White'® from Treasury security prices obtained from
Bank Credit Analyst. Interest rates used are constant maturity yields from the U.S.
Federal Reserve H.15 release. All empirical measures of duration are calculated using
daily data, but hedging performance and duration adjustment is estimated on a weekly

basis between 1990(1) and 1996.




IV - Methodology:

A portfolio of MBS can be hedged for one of two reasons: to lock in a risk free
return by going short in the futures market on a duration neutral basis, and to go long or
short in the futures market in order to target a particular interest rate exposure or duration.
While there are several other ways of hedging, namely with interest rate floors and caps, a
duration hedge in the futures market is easier to monitor as it is a market settled security
as opposed to a harder to value OTC security. For the purpose of analyzing a particular
hedge strategy, it is more practical to use a duration neutral strategy. The optimal hedge
(in the sense of risk minimization)'' is the one which produces the smallest mean squared
error. A hedge which produces a zero average return, but a high mean squared error is of
little use to a portfolio manager who may need to liquidate a position at any time. In
addition, since futures are settled daily, there should be no surprise payments at
settlement time due to a poor hedge.

For the simple one variable duration measures, the choice of hedging vehicle is
important. For example, if a 2 year duration mortgage is hedged with a duration
equivalent bond futures contract, the hedger is being exposed to curve reshaping risk. A
flattening or steepening curve can affect the bedged position significantly. A multi-
variable measure of duration will require hedging with more than one contract (c.g. a
short and a long maturity contract). Increasing volatility can affect the intermediate
section of the curve by increasing the (absolute) value of the butterfly spread. In this

case, a combined 2-30 futures position would outperform a 10- or 5- year bulleted hedge

14



because yields on the intermediate section would increase relative to the short and long

12
end.

The general procedure followed for evaluation of each strategy is summarized in
the following four steps:
1. Estimate Duration
2. Calculate the hedge ratio
3. Calculate the holding period return for the hedged portfolio

4. Rank duration measures based on the lowest mean squared error of holding period

returns

1V-1 DGZ Estimates

Equation 7 is rearranged by dividing through by Ar to give the duration estimate:

D =b +b,(P-100) +bY(P -100)" |K, (10)

Where K, is a dummy variable which is equal to 1 when the price is greater than 100.

This measure will be estimated on daily data on a rolling basis so as to provide as long a
hedging period as there is for the elasticity measures. This measure will be estimated in
two ways. The first is to use all data available from =1 to 1, while the second is to only
use the previous 120 trading days worth of data. This will allow us to control for the

possibility of stale data influencing later estimates of duration.
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IV-2 Single Factor Elasticity

Elasticity measures are the most simple of the duration estimates provided here.
Equation 4 will be estimated by a time series approach. Since the assumption has been
made that duration shifts in MBS are frequent, these estimates must only use the most
recent data. Based on interviews at two major dealers, it was decided to’ use two different
measures of elasticities. Both a 30-day and 40-day estimate will be made of D in the

following equation:

Ar,
AP,-a+ﬂ(l+rl)+g, (1)

Where ¢, is a random error term. The B estimate is our proxy for -D (duration).

IV-3 2-Factor Duration Model

A two factor model will use one short rate, and one long rate for an estimate of

partial durations. This will be of the form:

AP/, = -D.Ar, +-D,Ar, (12)

Where Dy is the partial duration with respect to short rates and D, is the partial duration
with respect to long rates. Because of the embedded option, these partial durations are

not additive to provide a whole duration. They must simply be interpreted as two factor



sensitivitics. This will be estimated on a rolling basis with only the most recent
observations so as to allow for changes in duration measures through time. Each partial
duration estimate will then be hedged using both 2-year and 10-year futures contracts.
Hedging positions for this portfolio were calculated in the following way: Since
the assumption is made that the percentage change in price with respect to changes to the
2-year yield is independent of changes with respect to changes in the 10-year yield, the

dollar duration exposure of the 2-year and 10- year positions are calculated and hedged

separately.  The resulting hedge ratio is:
DM, x P, DM, x P,
ot M p (13

Where DM is the partial duration of the mortgage with respect to the 2-year yield, P, is
the price of the mortgage, DF is the duration of the futures contract, and F is the futures

settle price.

1V-4 Slope Hedge

The Litterman, Sheinkman and Weiss paper will be extended to create a two
factor hedge which incorporates changes in levels, as well as slope. The daily 10-year
rate will be used for changes in the level of rates. The relationship will be estimated as

follows:

17




A%=_DI.A};0 (14)

where, Dy is the elasticity with respect to parallel changes in the yield curve. The
difference, however, will be in the hedging. A portfolio of 2- and 10- year futures
contracts will be created which minimizes the exposure to changes in the slope of the
yield curve. (See Appendix 1). Since this portfolio has duration risk, it will be levered so
as to match the duration of the MBS. The result should be a duration neutral hedge
which is insensitive to linear changes in the slope of the yield curve. The hedge ratio
involves a short position in a 2-year and 10- year futures contract with a weighting (W) in

the 2-year contract determined as follows:

D} - D}
w= MDzz,"D.sz' (15)
where Dy Dy and Dy is the duration of the 10-year futures contract, the mortgage and the
2-year futures contract. This combined futures position itself has duration. The duration
of the combined portfolio is offset by the duration of the MBS to create a portfolio which

should minimize exposure to parallel changes and changes in the slope of the yield curve.

(See Appendix 1 for a proof of the futures weighting procedure)
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IV-5 Analytical Estimates

Analytical estimates of duration will be used ‘as is’ to conform with previous
studies using these measures. These are from Salomon Brothers, and JP Morgan. Both

are calculated using a proprietary prepayments model.

1V-6 Hedge Ratios

Hedge ratios will be calculated using each duration measure and equation 6.
These ratios will be adjusted each week based on new estimates of duration.

An alternative method for controlling duration risk, which eliminates
inefficiencies or idiosyncrasies within the futures market, is the short hedging with actual
Treasury securities. To hedge in this manner, the MBS holder would short an equivalent
duration Treasury security. The advantage to this hedge is that the duration of the
underlying hedge is not dependent on an uncertain basket of deliverable securities. For
example, when rates are below 8% and the yield curve is upwards sloping, the cheapest to
deliver Treasury bond is the 11%4% of 2/15/2015 , whereas when rates are above 8%, the
cheapest to deliver bond can have a maturity of between 15 and 30 years. This translates
to a relatively large shift in duration which may skew the results of a duration neutral
hedge. The downside, of course, is that this method is rarely used because of the

transaction and financing costs involved, and short sale limits. Nevertheless, for the
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purpose of measuring MBS duration, it will help confirm the best measure. The hedge

ratio will be the same as that of the futures contract:

R =Lul (17

Where Dy, is the estimated duration of the MBS and D; is the duration of the treasury

security, or treasure futures contract.
IV-7 Holding Period Return

Holding period return will be calculated with the standard equation:

Holding Period Return =(PM'P —1)—Hx(Pf’P -1) (18)

Atr-1 fi-1

where, Py and P, are the prices of the mortgage and the futures contracts, and H is the
hedge ratio. Each strategy will then be ranked according to Mcan Squared Error, or the
variance of the returns. The duration measure which provides the lower MSE will be
considered superior. For one factor hedges, both the 30-year and 10-year futures
contracts are tested for hedging.

A Kruskal-Wallis means test was employed to determine if there was a significant
difference between each of the mean squared errors of hedged returns. This is similar to

an F-test, and employs a chi-squared distribution. T-tests would not be appropriate

20



because of the non-normal distribution of these means This is due to the fact that the
mean squared error cannot be less than zero.

All empirical duration measures will be calculated out of sample. This means that
any duration measure at time ¢ will be a function of price behaviour from =1, to t. These
hedge ratios are used to hedge from period ¢ to r+1 (one week). In the case of the
elasticity measures, only the previous 30 or 40 days are used. No hedges are performed
with in sample data. DGZ estimates are made on a rolling and a fixed interval basis. The
fixed interval basis, all data points between r=1, and ¢ will be used, whereas the rolling
method uses the previous 180 observations.

Transaction costs were not considered in this study for several reasons. The main
reason is due to the fact that these costs will have to be undertaken under each hedging
strategy and will result in adding a constant fixed amount to the total return of each
hedged portfolio, not affecting the results. The exception to this is with the hedged
portfolios that use two futures contracts. It is arguable, however, that a practical
application of these hedging strategies can legitimately be applied on a marginal basis.
What this means is that the net effect of switching from one duration hedge to another is
merely an incremental adjustment in the quantity and mix of hedging vehicles. It is a
reasonable assumption to believe that a holder of a large portfolio of securities uses
several instruments to hedge the duration. A shift in methodology to the use of a 2
contract hedge merely implies purchasing more of one type of futures contract and less of

another. Because a large balance of MBS are hedged in aggregate portfolios, it is
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considered as arbitrary to add specific costs as it is top exclude them. In addition, almost

all previous studies which are reviewed in this thesis do not iicorporate transaction costs.

V - Results:

Attempts to account for empirical negative convexity provided insignificant
estimates in approximately 75% of the observations. In addition, estimates of sensitivity
to changes in the butterfly spreads showed insignificant results in roughly 80% of the
estimation periods.

Chart I - Duration Estimates

FNMA 8% Duration Estimates

| ——— 40 Day Elasticity
|
1 . Salomon Duration;

0 .
11/23/90 6/11/91 12/28/91 7/15/92 1/31/93 8/19/93 3/7/94 9/23/94 4/11/95 10/28/95 5/15/96

Based on hedging performance, it is evident that the empirical measures provide
better hedge ratios than those produced from analytical models. For every coupon, the

Kruskal-Waliis means test indicated that the mean squared errors were significantly
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different even at the 97%% confidence interval. With a few exceptions, the 2-contract
slope and duration neutral hedge provided the lowest mean squared error. There was no
casc in which the analytical durations provided better hedge ratios than the empirical
measures.

This i< consistent with previous research,(e.g. Breeden, 1994) that showed that
empirical measures were the best predictor of future elasticities. Unfortunately, the only
assertion that conclusively can be made regarding dealer estimates of duration, is that
these empirical duration measures are better than analytical ones from two of the major
Wall Strect investment dealers. There are, theoretically, as many analytical measures as
there are analysts and cconometricians. Nevertlieless, Salomon and JP Morgan are
among the most reputable for their expertise in the field of fixed income, so these
measures should be considered among the best. The most successful hedging vehicle
is the combined hedge of 2- and 10-year futures contracts weighted to hedge against both
parallel shifts and changes in the slope between 2- and 10- years. These hedges are found
to be most successful for the low coupon mortgages, whereas the simple one contract
hedge for elasticities proved the most successful for coupons over 9%. The slope of the
yield curve has nad the most dramatic shifts between 1993 and 1994 since the late 1970's
and the early 1980's. This adds intuitive evidence as to why slope hedging should add to
the efficacy of shielding MBS from interest rate risk. Since high coupon mortgages have
very low durations, it is likely that they are sensitive only to parallel changes in the yield
curve. Changes in the slope at the very short end of the yield curve (less than 2 years) do

not have a substantial effect on the value of the MBS. Likewise, relative changes
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between the 2-year and 10-year yields will likely have almost no effect on the value of
the security since relatively few cash flows are expected to be received later than 2 years
in the future.

For one factor hedges, the most successful was the 10-year US Treasury futures
contract, followed by the 30-year contract, and lastly by the short sale of a 10-year
constant maturity Treasury. This is consistent with anecdotal evidence which supgests
that the 10-year contract is the most frequented hedging vehicle for mortgage sccuritics.
It stands to reason that the more effective hedge should generally be the one which
matches duration closest. Although all MBS used in this thesis were 30 year mortgages,
the duration is almost always below 10 years. As a result, it makes good intuitive sense
that the price of the mortgage, and the hedged returns, should be more responsive to
changes in the 10-year interest rate than the 30-year interest ratc. The other frequent
hedging vehicle is the interest rate floor and collar, but these are much more expensive

and should be considered out of reach for the majority of MBS holders."?
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Chart 11 - Slope of US Treasury Yield Curve
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Chart II shows the large change in the slope of the yield curve during the
sample period. Clearly, hedging effectiveness will be affected by changes in the slope of
the curve. Unfortunately, the 2-factor partial duration model did not outperform the one
factor elasticities, but did generally outperform the dealer estimates of duration. This may
be due to several factors. First, partial durations for mortgage securities are not additive,
so an additive hedge may not be appropriate against re-shaping of the yield curve.
Secondly, the 2-year futures contract may not be an appropriate hedging vehicle, because
of the lack of significant volume and open interest. Thirdly, the 2-year yield is the most
volatile in the money market which, again, provides poor functionality for hedging
purposes. Speculation about Fed policy is generally done with 2-year Treasuries and
futures. This again, adds to the volatility of the hedged position. When the one factor
measures of duration are used, with a 2 contract hedye, however, significant improvement

in hedging performance is observed as was mentioned above. These 2-contract hedges
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used the 40-day elasticity measures. This type of hedge seems to be the most promising

for future research on duration hedging.

VI - Conclusion:

For the time period analyzed, it is apparent that the information conveyed in the
durations of reputable investment houses do not outperform those generated using market
data. Empirical durations are gaining popularity now among many fund managers, who
had underestimated the excessive prepayments in 1993, and had not forccasted the
consequences to the detriment of their portfolios. Had they rebalanced their portfolios
using empirical measures of duration, instead of analytical estimates, it is arguable that
there would have been less significant under-performance of mortgage sccurities in these
two years. It is noticeable that in both 1993 and 1995, the analytical model estimates of
duration are considerably higher than the 30-day elasticity estimate. There is a practical
explanation for this. Sirce the analytical models are backwards looking, they must try to
explain future mortgage prepayments based on historical data. In 1993, and 1995, the
costs of refinancing a mortgage decreased dramatical]y”. Because of this, the option for
the mortgagor to refinance becomes worth more since the strike price of the option is
effectively decreased. For example, even though a mortgagor could refinance when rates
are lower than the agreed upon financing rate, the mortgagor will not refinance because
there is an additional cost of prepaying the mortgage early. It is only when the benefit of

refinancing exceeds the extra cost of refinancing that the mortgagor will consider
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rencwing the mortgage at a lower rate. Since these costs have declined, interest rates
have to move by a smaller amount than previously in order for the mortgagor to prepay
the mortgage. This increase in the value of the option will decrease the duration of the
MBS. It is likely that the dealer analytical models did not anticipate this change, whereas
the decreased costs were immediately reflected in the market estimates. (See chart I)

There are many avenues along which this research can and should be expanded.
This study was limited to the use of duration hedging, and not convexity. From a partial
equilibrium perspective. this negative convexity can be hedged, but from a full
equilibrium perspective, there is a net amount of negative convexity in the market, since
the mortgagors are the possessors of the positive convexity. This means that all negative
convexity of mortgages cannot be hedged in the marketplace. The result, is an increase in
the cost of convexity, or the cost of options until those who wish to hedge are satisfied.
Avoiding extreme losses due to negative convexity can be minimized by the use of
frequent duration hedging.

The addition of more derivatives for hedging, i.e. caps, collars, floors, CMT
futures, OTC futures and options, all make it possible to hedge more effectively. Curve
reshaping will be an issue during specific periods within the business cycle (i.e. shifts and
reversals in Fed policy), and can be appropriately hedged using these derivatives. The
lack of a centralized market and standardized contracts makes it very difficult to conduct
econometric research on these instruments. Changes in the mortgage industry
microstructure and investor fears about prepayments have increased the perceptive

riskiness of these instruments. Traditional analytic models are failing to anticipate these
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changes, and as a result, investors are becoming more dependent on market aggregate

estimates of durations. These issues remain topics for future research.
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Endnotes

! Fabozzi, 1992

2 In some cases, prepayment may occur in a manner that does not minimize financing costs. Changing
domiciles may impose further uncertainty to the exercise of the option.

? See Elton and Gruber, P. 539

* Ibid

5 Burnout is defined as the degree to which principal amounts have already been prepaid in a pool. Older
pools generally have a higher degree of burnout, and are subsequently expected to have lower levels of
prepayments in the future. Conversely, pools with low burnout are much more likely to have prepayments.
%10 and PO stand for interest only and principal only. These mortgage derivatives consist of payment
streams from either interest payments or principal payments, but not both. They are highly sensitive to
changes in interest rates and are considered very risky.

? This is explained further in the methodology section

¥ Bond Market Roundup: Abstract 1989-1996

® Mortgage-Backed Sector Report 1992 1996

** Hull and White, Derivatives, Cheapest to deliver calculations.

" Langowski, Park and Switzer (1996) develop an alternative means of optimizing the hedge. Their
optimal hedge combines derivative securities to minimize the transactions costs of hedging a portfolio that
is duration immunized that allows for some positive overalll convexity.

"2 Litterman, Sheinken and Weiss, 1991

" A Wall Street senior trader suggested in a personal interview that no dealers on ‘the street’ hedge with
collars and floors because they realize how expensive they are relative to futures and options. They are

more so a money making scheme than an effective hedging vehicle.
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" Source: Federal Reserve Data on aggregate point costs for taking out mortgages
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Appendix 1: Proof for Yield Curve Slope Immunization




Hedge ratio for changes in the slope of the yield curve

A duration neutral butterfly consists of a long(short) position in a medium maturity
security and a short(long) position in a combination of a very short and a very long
maturity security. The weighting is a linear averaging of the short and long maturitics
totaling the duration of the medium term security. The weight for the short term sccurity

is determined as follows:
W*D, +(1- W)*D, =D,,
Where, D is the duration of the short, medium and long term security (s,m and 1).

Solving for W yields the following:

_D,-D
W= %L—DS

A slope neutral position must proportionately match returns of the barbell and the bullet

position, not durations. W then must satisfy the following:

W*D.Ar. +(1— W)*D,Ar, = D, Ar,
If we define the slope of the curve as the partial derivative of the yield curve with respect
to duration as S, then the total return for any security given a change in the slope of the
curve is,

D l.‘(DSnew - DSnId)
or
Dz(Snew _Sold)




since DS gives the nominal yield for any point in the curve. Substituting this into
cquation 2 and dividing both sides by (S;.w-S¢4), the return minimizing hedge for

changes in the slope of the curve then becomes:

_Dp-D},
W= /):—D:

where W is the weight on the short duration security, resulting in a weight of (1-W) for

the longer security.




Appendix 2: Tables of Hedging Results




$31jUN23S JE3A-()E PUB -Z HOYS SOAOAUI 9BpaH ..

[9A3] 32uBdKILBIS %S 26 18 ISW Ul 3duUBIayI] Jueoyubis ,

%180 | Joug pasenbg ueapy

%SP0°0 wmay sgw pabpayun

%9160 %E26 0 YN %0b60  %SY8'0 %9080 %0€9°0 %08 0 Jou3 pasenbg ueapy
%L€00 %1€0 0 WN %8200 %S000 %S00  %EYDOO-  %S200 winjoy Apyaap pabpaH sbesany
3abpaH sauning JesA-o¢

%968 0 %9060 %2480 VN %0€8'0 %IBL0 %660  %9p.0 Jou3 paenbg ueap
%SS0 0 %650 0 %.€0 0 VN %LL00  %SE00  %EE00-  %YEDO w3y Ayaam pabpay abelaay
9bpaH saining 1eaA-0|

%000 ¢ %66 0 %9 0 %9901 %PEE0 %VOBO0  %ZY90  %E9.0 lou3z pasenbg ueapy
%.S0 0 %1500 %Cl00 %0¥00 %BE00 %9E00 %000 %9200 winjay Apjaap pabpaH abesaay
abpaH 1WD

ueBioW dr uowojeg 3bpay adojs 0)0e3-z Aeq-ovy Aeg-0f zod bunoy  zoag
S9VWNJ uoanoY

«SuUIN}dyY pabpaH undno) %5°9 VINL :8 - |l diqe}

o




S8NUNJas 1eaA-0¢ pue -z Woys saAjoau! abpaH ..

13A3) 3oueoyiubis %G /6 1 IS ui souasayiqg Juesyiubig ,

%82. 0 Jou3 pasenbg ueayy
%510 0 wnyay SN pabpayun
%1250 %646 0 VYN %09S 0 %E€CS 0  %L0S50 %86H°0 %SGLS0 Jou3 pasenbs ueapy
%8200-  %¥E0C- WN %€C00- %200~ %6LO0- %9000 %EZ00- wniay Ajyaam pabpay abe.aay

abpaH saumn_ szeas-o¢

%66¥°0 %¥SS 0 %18t 0 VN %CLlS0  %S8b0 %v8y°0 %2250 Jou3 paJenbg ueapy
%SL00- %6000 %600 0 YN %0000 %P000-  %S200  %b000- wnyay Apjaam pabpaH abesany
abpal sainjng sear-o1
%.29°0 %0090 %ELY 0 %LVLC  %PYI0 %LE90  %SZ90 %6990 Jou3 pasenbg ueapy
%1000 %S100 %C000 %9000~ %E000 %E000 %.10°0 %200 0- wnay Apidsp pabpan abesaay
abpaH LWD

ueBiow dr uowojes 3bpay adojs Jojoedz Aeg-or Aeg-0¢ zog bumoy 29
OLVINNA :uodnoop

+SuINYY pabpay uodnod %, VN4 :8 - || siqeL




S3NUND3S JEaA-0E PUB -Z HOYS SIAJOAUL abpaH ..

[ona] 2oUBoRIUDIS %S /6 18 IS Ul 3ouiayla uedyiubls ,

%EP90 1043 palenbg ueay

%G200 wnay sgn pabpayun

%¢SS 0 %0150 VN %06%°0 %ZOP0 %Z9P0 %¥St 0 %.19%0 Jou3j pasenbs ueay
%8100 %2000 WN %8000 %000 %l000- %8000 %00 wnyay Apjaem pabpaH abesany
abpoH saumng JeaA-0E

%6€5°0 %E6v0 %9Lp 0 VN %SPr0  %LPP 0  %0SY0  %.IEVO 1043 paJenbg ueal
%620 0 %8100 %SG10°0 VN %Zl00 %S000- %Y¥L00 %200 wny Apileap pabpaH abesany
obpayy sauning JeaA-0L

%.66 0 %8850 %39.€0 %1G90 %GYS0 %0850  %G250 %SO jou3 pasenbs uesiy
%Pe0'0 %iv0 0 %810 0~ %S20 0 9%GE00 %L200 %et0 0 %900 wmay Apaap PabpaH abeiary
abpaH LWD

uebloy dr uowojes obpay adols J01oedz Aeq-op Aeq-0t 290 buioy z9a
SLZVWNA :uodnod

,suimay pabpay uodnod %g'L VNS 8- Ii @iqel




saNuUNDas Jeak-0g pUe -z HoysS SaAoAUl abpaH ..

19A3] aouesyYIubIS 9,6 /6 18 IS Lt 8duasayiqg wesyubis

%85S 0 1043 pasenbg ueapy

%0€0 0 wnay Sgw pabpayun

%b6b 0 %5640 VN %BEY 0 %blP0 %8P0 %ELPO  %0Zr 0 Jou3 paienbg ueay
%9400 %8000 VN %800°0- %8000 %8000~ %I000 %S00 wnjay Apysap pabpaH abelaay
abpaj saumn Jeas-0¢

%88y'0 %28y 0 %9.€ 0 WN %00F 0 %00P'0  %PEEO  %S6E0 Jjouz pasenbs ueapy
%0200 %010 0 %¥100 VN %100 %8000~ %LL00  %8L00 wnay Apeapm pabpal sbeseay

obpo saining seaA-0}

%925 0 %E8Y 0 %06€ 0 %L/S0 %8LS0 %O0LS0  %ELSO  %B0SO Jou3 pasenbg uesp
%6200 %0£0°0 %1200 %Cc00 %6200 %9200 %EE00 %9E0°0 wnay Apjaap pabpap abesaay
abpaH 1WD

| uebio dr uowojeg obpeH adojs .010es-z Aeq-op Aeq-0¢ Zoabunioy zod
08VWNI :uodno)

+Suiniay pabpay uodnod 9,8 YINNL :8 - Il dlqel



S3NUND3S 1B3A-0F pue -Z UOYS SaAjoaul abpaH ..,

19Aa] 2ouBdYIUBIS %5 L€ 18 IS Ui 9oualayig Juedyubis ,

%89% 0

Jou3 pasenbg ueapy

%6200

wmay sgaw pabpauun

%9EY 0 %L 0 VN %SBE'C  %PSE0 %IZLE0  %BI9EO0  %BBEO Jou3 pasenbs ueapy
%9100 %900 0~ vN %6000~ %0L00 %Li00- %2000 %9000 wmay Apeapa pebpoy abesany
abpal sainynd Jeax-0¢

%¥EP 0 %6S¥ 0 %BEE 0 VN %EPEQD  %PSEOQ  %ISEQ  %POED Jou3 pasenbg ueay
%6100  %B8000- %9200 VYN %ELO0 %ELOO-  %LLOO %8000 wnjay Ayoaps pabpaH abesaay
abpaH saumng sea-0L

%LSP 0 %6070 %0LY 0 %LIV0  %YEPO %BEFO  %OEF 0  %OEP O Jou3 pasenbg ueapy
%920°0 %GZ0°0 %2Z0°0- %lZ00 %SZTOO0 %ZL00 %6200  %S200 uin}ay Apjaap pabpa abesany
abpaH 1WD

ueGioW dr uowojes abpaH adojs Jolded-z Aeq-0v  Aeg-oe Zoa bumoy  2oQ

S8VIINJ

:uodnop

~Swinay pabpayH uodnod %5°8 VIWNL :8 - Il 21qel




SaQUNJ9S JBSA-OF PUB - HOYS SOAJ0AUI 96paH ..

{9A3) 3ouBoYIUbIS %G /6 1B IS Ul 30UBIBYIQ JUedyubIS ,

%S8E0 Jjou3 pasenbs ueay
%9400 wmsy SN pabpayun
%09¢ 0 %9eY 0 YN %8EE0 %BOEO0 %IZECQ %LLEQ %EEL0 Jou3 pasenbg ueay
%610 0 %e000- VN %0L00 %6000 %8000 %¥000 %€E000 wnyay Apjeap pabpaH abesany

abpaH saunng JeaA-0e

%LSE 0 %G2y 0 %.0€ 0 VN %6620 %SO0EQ  %POE0 %9LE0 Jou3 pasenbg ueapy
%2200 %S00°0- %EZ0'0 WN %ZL00 %00~  %B000 %9000 wnsy Apjoap pabpaH abesany
=bpaH saumng JedA-0}

%LLE°0 %2S€E 0 %92¥ 0 %YEED  %EIE0 %SSE0  %S9E0 %89€°0 loug pasenbg urapy
%9200 %020 0 %¢200- %000 %0200 %6L00 %2200 %6100 wmay Aaam pabipaH abesany
a6paH LWO

uefioy dr uowojes abpaH adojg Jo0)0e4-z Aeg-0y Aeq-0¢ zogbuyoy zoa
O6VWN4 :uodnon

»SUIMaYy paBpaH uodnog %6 VINNL :8 - Il d[qeL



S21UN29S 189A-0C PUe -Z WOYS SBA|0AUI 36paH ..

19A8] BoueoyubIS %G /6 1B SN Ul 8duasayiq Juedyubis ,

%1LSC’0 Jou3 palenbg ueapy
%ZL0°0 wnay Saw pabpayun
%2820 %8SE 0 WN %0920 %OPZ0 %IPZ0  %IPTO %SS2 0 Jou3 pasenbg ueapy
%0200 %8000 ¥N %000 %ZL00 %.L000  %SL00  %ZL00O wnay Apyaam pabpaH abesany
abpay saining JeaA-0¢
%820 %PSE 0 %SSZ 0 VN %8EC0  %¥bC0 %.Lv2 0 %€SC0 Jou3 pasenbg ueap
%1200 %2000 %2200 WN %6L00 %.000 %3100 %CL00 wnay Apjaap pabpay abesaay
abpay saining Jea -0l
%ESZ 0 %052 0 %6¥1 0 %0920 %0ST0 %LS20  %6F2O0 %2SZ°0 Joun3 pasenbg uesiy
%4200 %€200 %¢e0 0 %6200 %EZ00 %6100 %¥20 0 %0200 wnay Apjaam pabpay abesaay
abpaH 1WD

uebloly dr uowojes abpay adojs o104z  Aeg-op Aeg-0e zoaq buyioy  zoa

S6VIN4

:uodno?n

L.SuInjoy pabpaH uodno) %56 VIWNN4 :8 - It 3lqeL




SaRUNDAS 1eak-0F PUB -Z LOYS SIAAJOAU 8DpaH ..
19A3} aouedyIUbIS 94,G /6 1B IS W 3duasayq Juedyiubig ,

%1S2°0 Jjou3 pasenbs ueayy

%CcL0 0 wnay sgwW pabpayun

%8¢ 0 %86¢ 0 VN %0920 %0¥Z0 %iv20 %LP20 %SSZ 0 Jou3 pasenbg ueapy
%020 0 %800 0 VN %000 %.100 %1000 %S10°0 %ZL0 0 wnay Apaam pabpsH abesany
abpap saunyng Jeaj-0¢

%¥8Z°0 %YSE0 %SST 0 VN %8EZ0  %brZO %LvZ 0 %ESC 0 loug pasenbg uespy
%4200 %000 %4200 VN %600 %.000 %9100 %cl00 wnjay Apaap pabpsy abesaay

abpaH saimind 1eap-0l

%ESZ 0 %0520 %6tY 0 %0920 %0SZ0 %LGZ0  %6YZ0  %2SZO Jou3 paienbg ueay
%4200 %EZ00 %220 O %620 0 %E€C00 %6100 %20 0 %020 0 wnay Apjeap pabpaH abesaay
abpaH 1D

uebioN dr uowojes abpsH adojs o010tz Aeg-op Aeg-oe zoabunony zoaq
OLVIANS :uodnogp

«SuIMay pabpay uodno) %01 YNNG :8 - Il 2lqeL




Appendix 3: Charts of Hedging Performance
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