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Abstract

This paper describes both the theory and a computer program
designed torcalculate the present value of an asset's uncertain future
cash flows. In this model expected flows may vary in each of "t" future
periods. Flows are adjusted to a certainty equivélent by a correction
factor derived from a covariance matrix of the flows and market returns.
The flows are discounted by a full specification of the term structure
of the risk-free interest rate. The specific model illustrated in the
paper is that of expected cash flows from a mortgage portfolio.

The computer program calculates the expected cash flow, the
uncertainty correction, and the term structure of interest rates.
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options are included to input the factors from exogenous forecasts or
projections. In addition to calculating the present values under each
specificatiqn for the factors, the program compares the present values

derived from each particular specification.
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INTRODUCTION

This paper explains the application of a multiperiod uncertainty
model whose theory has been discussed in previous articles. The model
makes it possible to calculate the present value of uncertain future
cash flbws generated by any asset. The approach may be applied to a
wide variety of asset classes. However, the paper uses as an example an
actual computer program designed to calculate the present value of a
mortgage portfolio and comments on how such a program could be modified
and applied to other types of assets.

For the purpose of i]]ustratioh, the approach is applied to mort-
gage portfolio data obtained from the Federal Home Loan Bank Board for
18 savings and loan associations in the San Francisco SMSA.

The usefulness of this approach to multiperiod valuation under un-
certainty stems from its similarity to the common certainty formulation,

which may be written as:

X X X
(1) PV = 1 T+ 2 s T T
(14r)"  (1+r) (14r)
) T xt
= z t
t=1 (1+r)
where:
PV = present value of the income stream.
xt = certain cash flow received in period t.

the risk free interest rate.

-
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The equation (1) approach of discounting certain future cash flows by a
rate which is the same for each period in the future should be familiar
to the reader.

A similar simple closed form equation for discounting uncertain

future cash flows is as follows:

-b
COV (X, »=R"2)

o OE(X,) -
(2) PV = I t -b
t=1 E(Rmt)
Rt
where:
PV = present value of the income stream.

X¢ = the uncertain cash flow in period t.

Rmt = the future value of a dollar invested for t periods in
the market portfolio.

RFt = the future value of a dollar invested for t periods in
risk free bonds.

b = level of proportional risk aversion which will be assumed
equal to one.

Since the theoretical development behind this model has been dis-
cussed in previous papers, attention in this paper will be focused on
application of equation (2).

In order to understand the application, it is important to note
both the similarities and the differences of equations (1) and (2). The
two formulations are similar in that both have cash inflows in the
numerator, and both discount the cash flows for time value in the deno-
minator. However, there are three important differences in the two
equations. First, equation (2) uses expected cash inflows in the nume-
rator (E(Xt)) instead of the single point certainty cash flows of equa-

tion (1). Second, equation (2) has a term in the numerator which
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adjusts the expected cash flows for uncertainty. While this term ap-
pears complex, it may be thought of as simply a dollar amount which,
when subtracted from the expected cash flows, supplies a certainty
equivalent in place of the expected value. Third, the denominator in
equation (2) employs a full specification of the term structure in place
of the single level rate assumption of equation (1).

As suggested by the differences between equations (1) and (2),
equation (2) is the conceptual basis for a much richer approach to the
valuation of financial instruments. In addition to the obvious allow-
ance for uncertainty, equation (2) allows for the cash flow in each
period to be discounted by the risk free discount factor appropriate to
that period and thus uses all the information available in the temm
structure. Also, the approach is extremely useful in dealing with the
question of interest sensitivity since equation (2) makes a provision
for specifying differences in the response of short and long rates and
allows computation of the resuiting impact on valuation.

| Because the approach affords important insights into the impact of

interest rate changes on valuation, it is important at the outset to

-specify how interest rate changes must be incorporated in the analysis.

Interest rate changes have three separate effects. First, they may ef-
fect the expected future cash flows. In the mortgage application, for
example, the impact of rate changes on future prepayments and defaults

may alter considerably the expected cash flows. Second, a change in

interest rates obviously changes the discount factors in the denomina-

tor. Third, and potentially the most troublesome, is the impact of
interest rate change on the risk premium. The risk premium may be

effected a) because of changes in aggregate risk tolerance, or b)



through changes in the systematic riskiness of the asset that reflects a

change in the joint distribution of asset cash flows and market returns.

To obtain maximum usefulness from the model, specific equations linking

each

of these three areas to interest rate change need to be incorpo-

rated into the analysis.

type

1.

The process of applying equation (2) consists of four steps for any

of asset:

Determination of the expected cash flows for the asset.

This may be easy or more difficult depending on the nature of
the instrument and the distribution of the cash flows. Mortgages,
for example, require specification of future confract payments,
future prepayments, and some estimate of defaults. In addition,
time series or cross sectional data is necessary to give some in-

sight into the distribution.

Specification of the risk free term structure.
There are several ways to determine the necessafy term struc-

tures: a) present or past term structures may be calculated from

- risk free government securities, b) future term structures may be

obtained from i) macro models such as the Penn-MIT model, ii)
systematic adjustments of forward rates obtained from present term

structures, iii) arbitrary specifications.

Calculation of the uncertainty adjustment term.
In order to calculate the uncertainty term, it is necessary to
make assumptions which allow the computations to be done in the

form

O
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Uy = COR(X,, 1) std(=1) std(x ) E(r )

m m
where:
Ut = uncertainty adjustment for period t.
COR = coefficient of correlation.
Std = standard deviation.

E = expectation operator.

r = the one period return on the market.

The correlation, standard deviations and expectation must be calcu-
lated from time series or cross sectional data obtained for asset

cash flows and market returns.

4., Computation of the present value.
The respective elements of equation (2) are combined by the

computer program into the calculated present value.

The remainder of the paper will be divided into two sections. Sec-
tion I will explain the basic calculations in steps one through four and
apply them to the question of valuing a mortgage portfolio, and Section
IT will demonstrate the computer program operations and give sample in-

puts and outputs.

SECTION I

STEP 1: Determining the Expected Cash Flows

The cash flows from a2 mortgage portfolio are made up of reqular
mortgage payments (including principal plus interest) and of mortgage
prepayments. For the typical mortgage, the contract rate and maturity
are fixed at the time of origination. The combination of rate and
maturity specify a. fixed payment cash inflow that the mortgage promises
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to generate at each point in the future. The payment is made up of
principal plus interest and follows a prescribed amortization schedule
depending on the rate and maturity. Because in the typical situation
the promised individual mortgage payments are fixed, the promised port-
folio cash inflow is fixed. Therefore, in general the value of the
portfolio varies inversely with fluctuating market rates.

The difficulty that financial institutions have with fixed rate in-
struments is a well-known problem, and a recent atfempt has been made by
some mortgage-granting institutions to solve the problem by issuing |
variable rate mortgages. A variable rate mortgage allows the institu-
tion to raise (or lower) the mortgage contract rate according to the
rise or fall of an index of appropriately constructed market rates.

This kind -of mortgage has some advantages to the institution, especially
in times of rising interest rates. Variable rate mortgages have become
popular with selected institutions and are being increasingly issued,
especially by California institutions. However, the trend toward vari-
able rate mortgages is reiative]y recent. Since the data gathered for
this application are from portfolios formed in 1975 or before, they are
made up almost wholly of fixed rate mortgages; and, for this reason, the
analysis in the paper will concentrate on thefr behavior.

There are two factors that substantially complicate the cash in-
fiows that are generated by a mortgage portfolio. The first of these is
the prepayment option. Although the contract payments are spoken of as
fixed, the mortgagee has the optioh to prepay part or all of the princi-
pal in conjunction with the refinancing or sale of the mortgaged pro-
perty. Because of the mobility of many home owners, the option to

prepay is often exercised, and the resulting prepayment cash flows are a




substantial factor in analyzing the total cash flows from the mortgage
portfolio. The second factor concerns mortgage defaults. The payments
spoken of as fixed are only fixed in the sense that they are promises to
pay. In the case of default, these promised payments are not realized

by the mortgage granting institution.

Fixed Payments

The basic element of mortgage portfolio cash flows is derived from
the fixed mortgage payment. The standard parameters of the fixed pay-
ment, self-amortizing mortgage, are straight forward. The regular
monthly payment is determined as a function of the principle amount,
contract rate, and term to maturity and may be computed by applying the

following simple payment algorithm:

Principle
payment = 1 - ———l———f
(1+r)
where:
r = contract rate on monthly basis.
t = term to maturity in months.

These fixed payment amounts must be adjusted in each period to take into

effect foreclosures or prepayments which occurred in prior periods. The
impact of the foreclosure or prepayment is to eliminate loans from the
portfolio and therefore reduce the fixed payment portion of the cash

flow.

Prepayments
Since mortgage holders have the option to pay down their mortgage

by amounts in excess of the scheduled amortization, mortgage portfolios
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have cash flows which may in any period substantially exceed the pre-
scribed fixed payments for the period. It is important to consider
these prepayments, since their timing may greatly impact the value of
the mortgage portfolio. There are several ways to include prepayments
in the analysis. It is possible, for example, to use an arbitrary set
of prepayment data in the form of annual mortgage termination rates.
Termination rates are defined as a fraction of the portfolio balance
that would be paid off in any year. The rates may be stated as a frac-
tion of the original portfolio amount (fixed basis) or as a fraction of
the remaining portfolio amount (current basis). Typical termination
patterns are available from FHA data.

Another more interesting alternative is available for dealing with
prepayments and illustrates the concept of linking cash flows to inter-
est rate changes. The approach is based on a model developed by Curley
and Guttentag (1972). The model explains mortgage termination rates as
a function of policy year, maturity, the relationship between the cur-
rent mortgage contract rate and original contract rate, and the discount
paints charged in the specified year. ' Their results are contained in a

single equation of the following fonn:]

]The numerator of the valuation equation requires expected cash
flows. . The prepayment cash flows are determined by finding the prepay-
ment function (TR) which is the analog of the Log TRt equation. It is

clear that E(x)'f exp[E(In(x))]; but it can be shown that the difference
is small. One approach is to suppose the generalized function g(x) =

a+ bx + cx2 + dx3 + .... Both In(x) and e’ meet this criterion.
Expanding g(xO + ¢) and taking the expectation (E[g(xO + ¢)]) gives

Xy * E(e) plus the expectation of higher order term of e, i.e.,
E[0(e)?]. In the same fashion, g[E(x)] = alx, + E(£)] = x_ + E(&) plus
higher order terms of the square of the expectation, i.e., O[E(e)]z.




Pl

Log TRt'= -.56178 + .90249 Log(P/M) - .10580 (Ct -C) - .021790t

(-32.67) (56.29) (15.61) (5.97)
where:
RZ = .867
TR, = annual termination rate in year t (cdrrent basis)
P = policy year
M = maturity

C. = mortgage rate in year t
Dt = discount in year t

C = original contract rate

The termination rate in year t (TRt) js defined as a function of
the portfolio balance that will be paid off in that year. The prepay-
ment equation estimates current basis termination rates, but these may
easily be converted to fixed basis rates if desired. The prepayment
equation was estimated using FHA annual data covering the period 1951-67
for 20-, 25-, and 30-year mortgages. The absolute level of both long-
and short-term interest rates was generally lower during this period

than during subsequent periods for which the equation may be applied.

'However, the variables in the prepayment equation which would be ef-

fected, namely the original contract rate and the mortgage rate in year
t, enter the equation in the form of a yield differential. Since rela-
tive differentials or spreads have approximately the same range in

subsequent periods as in the estimation period, the prepayment equation

should retain its usefulness when applied to more recent data.

If € is,small, 62 is very small, so E[O(e)z] Z 0; and E[¢] is small, so
0(E[e])¢ is also ¥ 0. This leaves the constant and first order terms
the same: and with only small differences in the second order terms, it

appears safe to use the analog of the log TRt equation in place of the
expectation.
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The prepayment equation makes it possible to calculate prepayments
and add them to the fixed mortgage payments for each period in the fu-
ture. However, because the equation uses projected future mortgage
rates, it is necessary to supply these rates in some fashion. This may
be done arbitrarily or, since other numerator and denominator changes
are driven by changes in short-term rates, it may be done by attempting
te link future mortgage rates to future short-term interest rates.

As an illustration of an attempt to determine the nature of the
relationship between mortgage rates and short-term rates, a monthly
mortgage rate series from December of 1969 through December of 1975 was
analyzed in conjunction with three month treasury bill rates over the
same period. The most notable feature of these two series is the ex-
tremely high level of serial correlation that exists in each. For
example, a regression of the spread between the mortgage rate and the

treasury bill rate against the treasury bill rate yields the following

equation:
MRT - TBRT = 6.11 - 0.579 TBRT + e
R =060  (.34) (.056)  D.W. = 0.1398
n=173
where MRT = mortgage rate,
TBRT = treasury bill rate,
D.W. = Durbin Watson statistic,

and the figures in parentheses are standard errors. The
resulting t-statistics are significant at the 99% level.

The Durbin Watson statistic of 0.1398 shows the high level of serial
correlation in the residuals. This could be anticipated since the mech-

anism described by several practitioners for mortgage rate determination
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is to set the current period mortgage rate equal to the previous peri-
od's rate and adjust slightly upward or downward, depending on short-
term rate movements. The autocorrelation is strong enough to require
second-order autocorrelation correction, which yields the following

results:

MRT - TBRT = 8.77 - 1.03 TBRT + 1.65 RHO1 - 0.69 RHO2

(.45) (.03) (.085) (0.087)
D.W. = 1.83
R = 0.98
n=73

The resulting t-statistics are again significant at the 99% level.
However, there is a difficulty involved in using the above equation to
predict future mortgage rates in the current setting. The prepayment
algorithm requires a pattern of future mortgage rates over a thirty-year
period in order to compute-a thirty-year pattern of prepayments and the
resulting pattern of cash flows. When the gquation is used to predict

beyond five to ten periods, the predicted mortgage rates diverge rapidly

_from the average relationship that has existed in the past between mort-

gage rates and short-term treasury bill rates. This average spread was
computed for 1961 through 1975 and was found to be approximately 210
basis points. Using the 210 basis point average spread to predict

future mortgage rates was found to produce more reasonable prepayment

patterns than those developed from the autocorrelation corrected

equation.
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Defaults

While it is possible to relate the question of prepayments and in-
terest rate changes in a fashion sympathetic to the overall approach,
the problem of defaults is not so easily handled. The numerator related
concern is essentially a question of how the expected value of éash
flows are effected by defaults. Since it is reasonable to assume that
short-term interest rates either directly or as a proxy may have some
influence on default, it should be possible in principle to link rate
éhanges through defaults to the expected cash flows. However, because
default data were not available for the portfolios in the data sample,
it was not possible to examine the linkage between rate changes and
defaults. Nevertheless, the computer program written to do the calcula-
tion allows for the possibility of arbitrarily varying the default rates
by year for each association. For example, the first year foreclosure
rate could be determined as 2 percent, meaning that 2 percent of the
book value of the portfolio would be eliminated for all subsequent
periods. However, the program allows the user to specify an average
percentage of the foreclosed amount to be recovered, and the recovered
amount is added to the normal payment and prepaymeht cash flows for the
period. The foreclosed mortgages are subtracted from the portfolio, and
future cash flows from both regular payments and prepayments are appro-

priately reduced.

STEP 2: Specification of the Risk Free Term Structure

As suggested previously, there are several ways to obtain the
necessary risk free interest rates that make up the denominator of

equation (2). To examine the question of how changes in rates effect
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the resulting present values, it is useful to have both present and
projected future term structures that can be used to discount the pro-
jected cash flows.

Cufrent estimates of the term structure may be obtained from an es-
timation of the discount function accomplished by a computer program
developed by J. Houston McCulloch [1975]. The basic concept js to fit a
discount function to the observed prices of U.S. Government treasury ob-
ligations. The program uses as inputs the bid and ask prices of bill,
note and bond quotes for a given date and applies an instrumental
variables technique to fit the discount function to a cubic spline. (A
flexible curve much like a polynominal. ) An example of the program's
output is the point yield for January 2, 1976, which appears in Tab]e 1.
These data are used directly as inputs to the present value calculation.
The calculations are done in continuous time so that the denominator at
any quarter t is DNOM, = EXP(Kt * t/4) where Ky is the point yield for
period t determined as in Table 1.

The current term structure may be used as a basis for obtaining
future term structures through a technique developed by Morrison [1977].
The technique employs a distributed lead to shift the whole term struc-
ture as a function of changes in short-term rates. Note that the impact
of an interest rate change on a term structure with identical rates in
each period, such as in equation (1), is to shift the term structure
uniformly higher or lower. In other words, in such a case the response
of both long- and short-term rates is assumed to be identical. However,
by using the distributed lead, it is possible to capture in some measure
the empirically observed differential response of short- and long-term

" rates to short-term rate changes.
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TABLE 1
"JAN. 2, 1976", "SHIFTED", AND "ARBITRARY" TERM STRUCTURES
Quarterly for Five Years

Shift Parameter Values: RR

= .015 RR - HAT = .015
II = .0377 11 - HAT = .1477
Jan. 2, 1976 ~ Shifted Arbitrary
Month/Year Term Structure Term Structure Term Structure
3/76 5.27 10.92 11.40
6/76 5.62 9.95 10.70
9/76 5.89 9.20 10.00
12/76 6.13 8.67 | 9.80
3/77 6.35 8.29 9.50
6/77 6.54 8.02 9.25
9/77 6.69 7.82 9.10
12/77 6.81 7.68 9.00
3/78 6.92 7.58 8.91
6/78 7.02 7.53 8.84
9/78 7.10 7.49 8.78
12/78 7.17 | 7.47 8.73
3/79 7.24 7.47 8.68
6/79 7.2 7.46 8.63
9/79 7.35 7.48 8.59
12/79 7.39 7.49 8.55
3/80 7.44 7.52 8.52
6/80 7.48 7.54 8.50
9/80 7.52 7.56 8.50
12/80 - 7.55 7.58 8.50
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The function used to shift the term structure takes the following

form: _
ar arp. eme1-.14K o=+ 14- .09
(3) T R e
THEL 1

where:
rey = real one period rate.
RFk = 1 + the k-period risk free nominal compound rate.
i] = one-period inflationary expectation.
I = 1+i].
ry = rr]+i].
A = difference operator.

k = time period in months.

As an example of how the function works, suppose:

= .06
rey = .03
‘] = .03
Arr] = .01
Ai] = .03

Since Ark = rk*-rk, it is possible to find a new value of the k
.01 _-.41-.14k + 03 -.41-.09% - r

period rate from r * = (1+r ) 1.06° 1.03° k-
For k + 4 and e s .07,
i .01 _-.97 .03 -.77
n* = (1.07) 068 * 7038 + .07

.0883

Each period's rate making up the term structure may be shifted in the

Same manner.
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Table 1 contains an example of a shifted term structure which has

been computed using equation (3) and the shift parameters shown in the

table. As an alternative, it is possible to choose arbitrary term
structures and employ themvas the denominator of équation (2). An
example of such an arbitrary designated term structure is also shown in
Table 1. Figure 1 shows the shapes of the January 2, 1976, revised and
arbitrary term structures. Each of these three term structures will
subsequently be used to discount mortgage portfolic cash flows. Of
course, the method used for determining the term structure will restrict

what may or may not be said concerning the resulting present values.

STEP 3: Calculation of the Uncertainty Adjuétment Term

As will be recalled from equation (2), the uncertainty adjustment
term takes the form:
-b
OV (X, - RyY)

U=
~b
E(Rmt)

where:

Rt

the one plus compound return on the market portfolio in
period t. :

><
1]

cash flow in period t.

the level of proportional risk aversion.

In order to calculate a value for the term, it is necessary to make the

following assumptions:

1. The level of proportional risk aversion (b) is set equal to
one.
2. The returns on the maket portfolio are serially uncorrelated

and the variance of market returns is constant.
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FIGURE 1
SHAPES OF THE JANUARY 2, 1976, "REVISED"
AND "ARBITRARY" TERM STRUCTURES
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(in Years)
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3. The cash fliows are uncorrelated with previous period's market
returns.
4. The correlation between current period cash flows and market
returns is not a function of time or interest rates.
The above assumptions allow the covariance between the cash flow
(X

and the product of market returns (R to be factored into the

t) mt)
expectation of a product term and the covariance of a simpler term that

can be calculated. Thus

-1 1 - ]
-Cov (X,, -R ) = E(———) COV (X,, —).
t mt Rmt-] t "t
The whole adjustment term becomes '
’ ] ]
-] E(— ) cov(x,, =—)
COV(Xes Ry ) Rmt-1 b 'mt
n-1 1
]
cov(x,, —)
i t rmt
]
E(=—)
nnt
] 1
(4) = E(r_,) COR (X,, —) std (X,) Std{—)
mt t rmt t rmt

As suggested previously, the risk premium may be effected through
either changes in aggregate risk tolerance or through changes in the
joint distribution of mortage cash flows andmarket returns. Setting
b - -1 is theoretically justified (see Hakansson [1971], Rubinstein
[1973]), and in this context it essentially means that interest rate
changes are assumed not to effect the risk premium through any impact on
aggregate risk tolerance.

The second effect, namely the impact of interest rate change on the
joint distribution of portfolio cash flows and market returns, can be

seen quite clear]ykfrom equation (4). Equation (4) contains terms for
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the mean and standard deviat{on of the reciprocal of market returns, the
standard deviation of cash flows, and the correlation between the cash
flows and the reciprocal of market returns. Fortunately, it is possible
to say something about how expected market returns vary with short-term
interest rates as will be shown subsequently.

It is also possible that interest rate changes effect the correla-
tion of cash flows with market returns and/or the standard deviation of
cash flows. For example, in the case where investor expectations con-
cerning interest rates impact on the distribution of cash flows through
defaults, both the correlation and the standard deviation of cash flows
would be effected. To measure the effect requires cross sectional data,
including a number of observations of portfolio cash flows at each of
several different interest rates. Because this data is not available,
and since it is still useful to calculate the correlation coefficient,
it is necessary to assume that the correlation is not a function of in-
terest rates, and it can then be calculated from the available time
series observations. For the same reason, the standard deviations of

both the cash flows (STD[Xt]) and the reciprocal of market returns

’(Std[;l—]) are assumed to be invariant with respect to time and interest

mt
rates. It is useful to note that the data used to calculate both the

correlations and standard deviations of cash flows is actual savings and.
Toan mortgage portfolio data, which includes the impact of defaults, and
therefore the correlations and standard deviation may be thought of as
including average default characteristics.

Thus, under the stated assumptions, interest rate changes do impact
on the risk premium, but only through an effect on the expected market

return. It is difficult to estimate the size or nature of the bias that
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may be introduced by the above assumptions. When risk premia are stated
in terms of yield differentials, the suspicion is that they exhibit
sizable changes. For example, the yield spread between long-term go-
vernment bonds and mortgage rates ranged from 145 to 375 basis points
- over the time period of study. However, it is important to note that a
"yield" calculation assumes that interest rates are level through time
and that contract rates or coupon rates represent certain cash flows.
Therefore, any adjustments in expected cash flows, in the term structure
or in strict risk premium changes, are thrown together into the reported
"yield". Since the above analysis does incorporate interest rate
changes into the term structure, the expected cash flows and the risk
premium, it is difficult to estimate how much of the difference in
observed yield spreads may be unaccounted for.

To incorporate the uncertainty adjustment term in the analysis,
values for each of the four terms of equation (4) must be estimated.

Consider first the term E(r which is the expected one plus return on

mt)
the market portfolio. In this application the return is assumed to be a
function of the level of risk-free interest rates. Since the uncer-
tainty adjustment is done on a quarterly basis the appropriate re]ation-
'ship is between the quarterly return on the market and the three-month

treasury b1l11l yield. This relationship was estimated for the 25 quar-

ters from 1969 IV to 1975 IV. Table 2 gives the results:
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TABLE 2

rrrrr

EXCESS MARKET RETURN (rx)
VERSUS THE RISK-FREE RATE (rt)

re ® .140 - 3.19 r " Durbin Watson = 1.83
(1.99) (2.79) Standard Error = .084
N=25

Figures in parenthesis are t- statistics.

Since ry = rm - Ty

period can be determined from the risk-free rate for the period in the

the return on the market portfolio in any

form:

r

mt - 14 - 2.19r

ft

One way of obtaining a series of future three month spot rates needed as
the independent variable is to obtain from the term structure the 1i-
qqidity adjusted three month forward rates. (Assuming that the liqui-
dity adjusted three month forward rates are unbiased projection of
future three month spot rates.) These forward rates can be computed

from the term structure by using the relationship

(r,) (1/8) (ke 1/4) e w2 1)
e

which, when solved for Tys gives

elke * ])(E_%_lq

t = 4 1In
(kI (E78)
where:
re = rate on three month loan to begin at time t.
kt =»point yield on a risk-free security of maturity t.
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TABLE 3
ESTIMATES OF MEAN LIQUIDITY PREMIUM p(m],mz)]

(Standard errors in parentheses)

m, my = 3 months m m, = 3 months

1 month 0.09 (0.01) 2 years 0.22 (0.06)

2 months 0.14 (0.02) 3 years 0.22 (0.06)

3 months 0.17 (0.03) 5 years 0.22 (0.06)

6 months 0.21 (0.05) 10 years 0.22 (0.06)

9 months 0.22 (0.06) 20 years. 0.22 (0.06)

1 year 0.22 (0.06) 30 years 0.22 (0.06)

Source:  "An Estimate of the Liquidity Premium" J. Houston McCul-
loch. Dissertation submitted to Department of Economics,
University of Chicago, Chicago, I11inois, June 1973,
page 57.

1

Table 3

gives the premium on an m, maturity loan entered into m

years into the future.
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Before the calculated forward rate (rt) can be used as a spot rate
projection, it must be adjusted by subtracting off a liquidity premium
the three-month 1iquidity premia estimated by McCulloch [1975] are shown
in Table 3.

Calculation of the correlation coefficient, COR(x,%rJ requires cash
flow data from the mortgage portfolio and a corresponding series of mar-
ket returns. For this application, the data employed were six years of
quarterly cash flows from a savings and loan association mortgage port-
folio and market return data for the same period from the CRSP tapes.
Since the mortgage portfolio cash flows were separated into interest and
principle payments, three separate correlation coefficients were calcu-
lated. Py is the correlation between the interest payments and the
reciprocal of market returns, o, is the correlation between principle
payments and the reciprocal of market returns and P3 is the correlation
between the combined cash flows and the reciprocal of market returns.
Table 4 shows the results of the calculations for a typical savings as-

sociation's mortgage portfolio.

TABLE 4
CORRELATIONS BETWEEN THE RECIPROCAL OF MARKET RETURNS
AND MORTGAGE PORTFOLIO CASH FLOWS

"1 P2 P3

-2 .52 .45

correlation coefficients greater than 0.36 are significant at the 90
2 n-k
percent level for E%T .

102 ~ F(1,20).
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When examining the results, it should be noted that the sign of the
uncertainty adjustment term in equation (4) is positive. This hay seem
counter-intuitive, since the usual notion is to subtract from the expec-
ted cash flow a term that reflects the undesirability of highly corre-
lated cash flows. However, because the correlation calculated here is
between a cash flow and the reciprocal of the market return, the signs
will be opposite those normally éxpected. Since the sign of the corre-
lation may be either positive or negative, the sign of the whole adjust-
ment term may be either positive or negative. Thus, the sign of the
correlation coefficient determines whether the mortgage portfolio's
value is increased or decreased when held in a portfolio with other as-
sets. For the above example, the combined cash flows have a positive
correlation with the reciprocal of market returns (meaning the correla-
tion betweem cash flows and regular market returns would be negative)
and, therefore, the value of the mortgages is increased when held in
conjunction with the market portfolio.

To complete the risk adjustment term, it is necessary to calculate
the standard deviation of both the reciprocal of market returns and of
the portfolio cash flows. From the CRSP data, the standard deviation of
the reciprocal of the one-plus market return was computed to be 0.0882
for the sample time period. For the portfolio cash flows, the quarterly
standard deviation was calculated to be 1,708 dollars.

It should be noted that for cash flows that are serially uncorre-
lated and have a growth rate with a stationary mean, the standard devia-

tion can be computed as:

std(x,) = Xy [(of + )11/
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where X cash flow at time t

g = 1 + rate of growth of cash flows
o = standard deviation of the growth rate
u = mean of the growth rate |

However, the cash flows from a mortgage portfolio do not fit'this pat-
tern because they do not grow over time. Since regular payments are
fixed, any variation in the cash flows results from variation in the
prepayment or foreclosure rates. It is generally assumed that as a
portfolio ages, the absolute number of foreclosures and prepayments de-
crease. Consequently, the standard deviation of cash flows ought to
also decrease with time. However, because analysis of how the standard
deviation of cash flows behaves as a function of foreclosure rates, pre-
payments, and time was not possible, the program assumes for this appli-

cation that the standard deviation is constant over time.

Step 4: Calculation of the Present Value

Calculation of the present value requires that each of the previ-
ously described steps be combined in the appropriate relationship
according to equation (2). The computer program developed to do the
calculations performs essentially five operations; four operations are
related to the numerator and one to the denominator. These operations
are discussed relative to the mortgage portfolio application and may
need to be altered slightly for use in other contexts. They are essen-
tially a review of steps one through three.

With respect to the'numerator, the program first takes the indivi-
dual mortgage data fpr each mortgage 1ﬁ the portfolio and calculates the

future fixed monthly payments. Second, it calcu]étes a series of future
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mortgage rates based on a specified term structure and uses them in con-
junction with the prepayment algorithm to calculate the dollar amount of
prepayments in each period. The program then applies an arbitrarily
determined set of foreclosure rates to the portfolio. The foreclosure
rates can be varied at will but are not included as a function of any
other endogeneous or exogeneous parameters. At this point, the program
combines the fixed payments, prepayments and foreclosures for each loan
into a specified quarterly cash flow for the entire portfolio. As a
fourth step, the parameters of the uncertainty adjustment term are com-
puted and added to or subtracted from the expected cash flow for each
period.

The denominator calculation consists of taking the series of for-
ward rates describing the term structure and forming the appropriate
discount factor for each period. The discounted, uncertainty adjusted
cash flows are summed over the total number of periods, and the sum is
the resulting present value.

Tables 5 and 6 show the results of applying the approach to 18 San
Francisco SMSA savings. and loan association portfolios. The results in
Table 5 have been calculated assuming uncertainty, no foreclosures and
the term structure and revision discussed in Step 2. Note that the
portfolio values as of January 2, 1976, exceeded the book values in
every case. This is because the rates represented by the January 2,
1976, term structure were lower than the average mortgage portfolio con-
tract rates. Note also that even when the portfolio cash flows were
valued using the revised downward sloping term structure, the present
values remained.above book value. This occurred because the portfolio

cash flows are received over a very long period of time; and, even
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though the term structure was shifted upward, the nature qf the shift
was such as to leave long term rates relatively unchanged.

Table 6 shows the impact of discounting the expected mortgage cash
flows by the arbitrarily designated term structure described previously.
As seen most clearly from Figure 1, the main difference between the re-
vised and arbitrary term structures is that the arbitrary term structure
exhibits higher long term rates. Discounting by this term structure de-
creases the mortgage portfolio values by more than 6 percent in every

case.

SECTION I1
PROGRAM OPERATION AND SAMPLE INPUTS AND OUTPUTS

This section contains more specific information and description
concerning the computer program discussed previously. The first part of
the section describes the real time program requests and the nature of
the inputs requested. The second part contains a sample of the program
oﬁtpht. A listing of the program and sample input data files are con-
tained in Appendices A and B respectively.

The program is currently set to run on a Dec 10 computer system;
however, only slight modifications of certain control statements would
be required to make it compatible with other similar time shared sys-
"tems. The input steps correspond with the previous discussion on pro-
jecting cash flows, adjusting for uncertainty, etc. Table 7 contains a
sample of the program statements and inputs and should be referred to in
_ conjunction with the description of program steps.

After logging in and receiving the prompt character, the user types

RUN FLO, and the computer responds with the first input requested.
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"TABLE 6

VALUE OF MORTGAGE PORTFOLICS UNDER UNCERTAINTY

NO FORECLOSURES - ARBITRARY TERM STRUCTURE

Present Value Present Value % Change
1/2/76 Arbitrary In Present

Association Book Value Term Structure Term Structure Value
1 $ 759,921 $ 800,833 749,391 -6.42
2 129,936 135,400 126,777 -6.37
3 685,939 720,440 673,916 -6.46
4 155,617 164,576 154,015 -6.42
5 424,979 443,282 414,687 -6.45
6 1,213,133 1,282,471 1,199,008 -6.51
7 333,094 354,700 331,642 -6.51
8 109,255 115,396 107,923 -6.48
9 457,858 483,613 452,558 -6.42
10 80,478 85,171 79,738 -6.38
1 155,200 163,823 153,388 -6.37
12 133,800 140,774 131,672 -6.47
13 50,124 53,656 50,178 -6.48
14 1,237,136 1,296,441 1,213,063 -6.43
15 26,851 27,674 25,917 -6.35
16 26,215 27,768 25,986 -6.42
17 38,209 40,253 37,685 -6.38
18 24,139 25,698 24,060 -6.37
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TABLE 7 |
SAMPLE PROGRAM STATEMENTS AND INPUTS

JRUN FLO

ENTER THE SAVINGS & LOAN DUCKET 0, AND THE # UF LOANS
2s6

wHEN 0O YOU WANT THE CASH FLUYS Tu START PRINTING?
76

IS ThE LOAN DATA ON DISKY
Y

WHAY FILE IS IT InN?
LOANGAZ

IS THE PREPAYMENT DAaTA ON "DISK", TO BE "HANU" ENTERED,
OR Tu ot "CALCULATED"?
c

DO YOU =ANT IT CALCULATED FROM "ARBITrAWY" HMURTGAGE RATES,
0P THFE "TERMY ST=0CTURE UFTEFRMINEY MURTGAGE RATES?
T

YOy NEED S, PAST MUNTRAGE RATES AMD CISCOUNMT POINTS.,
wHAT FILE ARE TreEY [N7?
MORT ,PaT

AHAT FLLE ARE THE LIGUIDRITY PREMIUMS IN?
L.OT

AHAT SPREAU DO YOU PRUJECT FUR THE mMUKTGAGE RATE OVER
THE TRELSLRY BILL RATE?  (l.E, 0,021)
021

AHERE AE THE EXPECTED FORECLOSURE wATES FOUND?
FORC.RAT

NMAT PEWCENT OF FURFCLUSYRES BU YOU EXPECT TO KECOVEKY

100

HOW MANY MOMTHS T TFeeST wllLL BE CrARGED FOR Tt PREPAYMER]
PESAMLTY (ENTER Luo FOR Tus FolLsC =B i100)7
J

WHERE Axt THE K5 Fhitio?
KoDT
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TABLE 7 (Continued)

gO YOU WANT TO ARRITRAKILY SHIFT THE TeHRM STRUCTURE?

ENTER RN, RR=HAT, 1[I, AND [[=HAT
0015'00151 '0377'.1477

LO YUU WISH TO ADJUST FOR UMCERTALNTY?
Y ‘ .

ENTER 1= THE QURH&LATIUN BETWEEN CASH FLUUS AND  RETURM (N THE MARKET
2~ TH{ MEAN OF (1+ THE GROWTH RATE OF TME CASH FLOWS) ’
3= THE STANDARD DEVIATLON U

cSIOfZOOO

90 YOU WANT THE MONTHLY CASH FLOwS PRINTED OUT?

L]

DO YOU WANT DETALLED PHFPAYMENTS, eE1C,?
W

S5TOP
ENU UF BEXECUTION

EVU TIME: 7,86 ELAPSFL [lmk: 1:28,45
Y1

32




Projecting Cash Flows

Items 1-12 allow for the calculation of cash flows for a savings
and loan mortgage portfolio. These items could be modified to accept
coupon bond data or any other data representing cash flows from finan-

cial instruments.

1. ENTER THE SAVINGS & LOAN DOCKET NCO. AND THE NUMBER OF LOANS.
The user must input two numbers separated by a comma. The
first number is simply a number that identifies the run. This
number will appear in the heading of the output. The second
number indicates how many separate loans will be entered for
analysis. After the second number, the user enters a carriage
return which tells the computer to go to the next step.

2. WHEN DO YOU WANT THE CASH FLOWS TO START PRINTING?
User enters a two digit number (i.e., 76) that specifies the
first year the output will begin to appear.

3. IS THE LOAN DATA ON DISK?
If the user inputs "Y" meaning yes, the computer responds with
statement 4. If the user inputs "N", the computer responds
with statement 3A.

3A. WHAT WOULD YOU LIKE TO CALL THE FILE?
The user inputs a file name to which the loan data will be
assigned.

3B. ENTER 1 - THE YEAR LOAN HAD THAT AMOUNT.
2 - THE YEAR LOAN HAD THAT AMOUNT

3 - THE CONTRACT RATE
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4 - THE NUMBER OF MONTHS LEFT TO MATURITY
5 - THE AGE (IN MONTHS) OF LOAN
see Appendix B and file LOAN.A2 for an example of data input.
4. WHAT FILE IS IT IN?

The response to this statement must be the name of a data file
in which the loan data has previously been put. Loan data
must include for each loan the four items described in 3B. A
typical file for 6 loans would appear as shown in file LOAN.A2
(Appendix B).

5. IS THE PREPAYMENT DATA ON "DISK" TO BE "HAND" ENTERED OR TO BE
"CALCULATED"?

The user may respond with "D", "H", or "C".

A "D" response means that the user has previously placed in a
disk file the fraction of mortgages in the specified year that
will be terminated. A typical data file would contain thirty
decimal fracfions similar to those that appear on the output

for each loan under "has the following prepayment experience".

An "H" response means the user is prepared to input the deci-
mal fractions at the terminal one at a time separated by

commas.

A "C" response means the user wishes the computer to calculate
the prepayment fractions based on the algorithm described in
the text. The calculated fractions are printed out for each
loan on the outpuf. A "C" response invokes statement 6.

6. DO YOU WANT IT CALCULATED FROM "ARBITRARY MORTGAGE RATES" OR THE
TERM STRUCTURE DETERMINED MORTGAGE RATES?

The user may respond with an "A" or 2 "T". The "A" response
“means the user wants to specify a set &7 future annual mort-
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gage rates which will be used in the prepayment algorithm to
calculate the prepayment fractions. This allows the user to
uncouple the prepayment fractions from the term structure and
have them calculated from arbitrarily determined future mort-
gage rates. After an "A" response, the computer will come
backvand ask for the file name in which the future mortgage

rates have been stored.

The "T" response instructs the computer to calculate the for-
ward rates from the term structure and use the forward rates
to calculate the future mortgage rates that are to be used to
determine the prepayment fractions.

7. YOU NEED X PAST MORTGAGE RATES AND DISCOUNT POINTS, WHAT FILE ARE
THEY IN?

The program has been written so that prepayment fractions
would be applied to loans which were closed in previous years.
In order to calculate the prepayment experience, the computer
uses the prepayment algorithm and requires as inputs the past
mortgage rates and discount points. These need to be placed
in a data file. See file MORT PST.

8. WHERE ARE THE LIQUIDITY PREMIUMS?

. The user'responds with the file name. The file may specify
the McCollough liquidity premium or any arbitrarily chosen
set. See file L.DT.

9. WHAT SPREAD DO YOU PROJECT FOR THE MORTGAGE RATE OVER THE TREASURY
BILL RATE? (I.E. 0.021)

The user inputs a decimal fraction. For example, the .021
adds 2.1 percent to an 8.0 percent forward rate to give a 10.1

percent mortgage rate.
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10. WHERE ARE THE EXPECTED FORECLOSURE RATES FOUND?
The user inputs a file name. Sée, for example, FORC.RAT.
11.  WHAT PERCENT OF FORECLOSURES DO YOU EXPECT TO RECOVER?
The user inputs a number such as 50 (50 percent) or 100 (100
percent), which specifies the percent of the value of fore-
closed property that will be realized.

12. HOW MANY MONTHS INTEREST WILL BE CHARGED FOR THE PREPAYMENT PENALTY
(ENTER 100 FOR THE FHLMC METHOD)?

User enters a number like 6 (6 months) or O (no months inte-

rest penalty).

Specification of the Risk Free Term Structure

Items 13-15 relate to the development of discount factors which

make up the denominator of equation (2).

13. WHERE ARE THE K's FOUND?
User enters a file name. See for example K.DT. The K's are
the quarterly rates (on annual basis) obtained from the
McCollough program that specify the term structure.

14. DO YOU WANT TO ARBITRARILY SHIFT THE TERM STRUCTURE?
User responds with "Y" or "N". A "Y" response means the user
does not wish to have the term structure shifted by using the
compulational algorithm but prefers to arbitrarily designate a
new shifted term structure. The computer requests the file
name of the shifted term structure. See for example file

AK.DT.

A "N" response means the user wishes to use the algorithm for
shifting the term structure, and the computer responds with

statement 15.
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5. ENTER RR, RR-HAT, II, AND II-HAT
The user enters four decimals separated by commas. RR and II
are respectively the real rate and rate of inflation compo-
nents that make up the nominal short term (3 month) rate. RR-
HAT and 1I-HAT are the real and inflationary rate components
that are projected to make up the short term nominal rate in

the shifted term structure.

The Uncertainty Adjustment Term _

Items 16 and 17 allow for the computation of the uncertainty ad-

justment term as previously described.

16. DO YOU WISH TO ADJUST FOR UNCERTAINTY?
User enters "Y" or "N". An "N" response sets the uncertainty
adjustment term to zero. If the user responds in the affirma-
tive, the computer proceeds to statement 17.

17. ENTER 1 - THE CORRELATION BETWEEN CASH FLOWS AND RETURN ON THE
MARKET.

2 - THE MEAN OF (1 + THE GROWTH RATE OF THE CASH FLOWS).

3 - THE STANDARD DEVIATION.
Two separate versions of the uncertainty adjustment term are
available in the program. Both use the correlation coeffi-
cient, which is entered as the first input. The first version
for uncertainty adjustment uses the mean and standard devia-
tion of the 1 + growth rates of cash flows. These data would
be entered, for example, as u = 1.05, o = .06. The second
Qersion of uncertainty adjustment uses only the standard devi-

ation of the cash flows themselves, in which case the mean is
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entered as zero and the standard deviation is entered as a

whole number.

Calculation of the Present Value

In addition to the present value, which is automatically provided
by the program, it is possible to specify more detailed output such as

described by items 18 and 19.

18. DO YOU WANT THE MONTHLY CASH FLOWS PRINTED OUT?
This option allows the user to obtain cash flow figures by
month for the whole portfolio for interest, principal, princi-
pal repayments and total cash flow.

19. DO YOU WANT DETAILED PREPAYMENTS, ETC?
An affirmative response for this option gives the user a de-
tailed print out of cash flows by month for each individual

loan in the portfolio.
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Sample OQutput

An example of the aSBreviated program output appears as Table 8.
The more detailed outputs are much longer and, therefore, examples have
not been included. The output firsts lists the assumptions that have
been used in the particular run called for. Since many of the data
files are extensive, only the file names are referred to in the assump-
tions. The output then details each of the loans in the portfolio and
prints the termination fractions that ére assumed for the loan prepay-
ments. The program then prints a present value and book value based on
the initially specified term structure. The output then presents a
second present value calculation, both of which are based on the revised
or arbitrary term structure as specified. The percentage change 1in

present value is calculated as the concluding data item.
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TABLE 8
SAMPLE QUTPUT
CASH FLOWS FOR SAVINGS & LOAN DOCKET NO. 2

HESE CASH FLOWS ASSUME:

i 0.00% LATE PAYMENTS

2~ 190.00% RECOVERY UF FURECLUSURES

e 0 MONTHS PREPAYMENT PENALTY

d= THE FOLLUAN['G FORECLUSURE EXPERIENCE

0,0200 10,0200 90,0200 90,0200 00,0200 00,0200 00,0200 00,0200 0,0200 00,0200
0.0200 0,0200 10,0200 10,0200 0,0200 10,0200 0,0200 0,0200 10,0200 06,0200
0.0200 " 0,0200 10,0200 0,0200 06,0200 0,0200 0,0200 0.,0200 00,0200 0,0200
0.,0200 0,0200 90,0206 90,0200 10,0200 0,0200 10,0200 C€,0200 0©,020u 0,0200

Se PREPAYMENTS WERE TERM STRUCTURE UVETERMINED USING
FILE MORTY,PST FOR PAST MORTGAGE RATES,
FTILE LT FOR LIYUIDITY PREMIUMS,
AN A SPHREAD OF 0,0210

b= [FEkM STARUCTURE SPECIFIED FROM FILE K,DT

T~ SHIFTED TERY STRUCTURE USING PARAMETERS

RR = (,0150 RR=HAT = 00,0150 I1 = 0,0377 II-HAT = 0,1477
Be UNCERTAINTY AQJUSTMENT ASSUMING
RHU = 0,500 MU = 0.000 SIGma = 2060,000
LOAN & |, AS UF °71 4AS A HALANCE OF 12893, AT A RATE OF ,0B8

I7T nAS 360 MONTHS LEFT, AND HAS HEZN N THE HUUGKS 0 MONTHS
AlD HAS THE FULLOWING PREPAYMENT EXPERIENCE

0,017 00,0239 0,0344  ),0446 J,0544 0,0643 00,0757 0,0830 00,0925 0,1015
01127 04,1198 90,1288 09,1377 0,146% 0,19553 0,1640 06,1727 G,18i4 0,1s99
P 19KS 00,2070 06,2155 0,2239 00,2323 0,240/ 00,2490 00,2575 0,26%6 0,273%9

LOAN & 2, AS OF °/2 HAS A SALANCE UF 28722, AT A RATE QF 077
IT rnaAS 3460 MONTHS LEFT, anD HAS MEEN OM THE BQOKS 0 MONTHS
AKL HAS THE FOLLOWING PREPAYMENT EXPERIECCE

0.0127 040238 0,0342 00,0443 00,0544 00,0639 00,0734 Q,0828 0,0920 0,1013
0,1104 00,1194 0,1284 0,1373 G.1461 00,1589 00,1636 0,1722 0,108 0.,1894
Jo 1979 00,2064 01,2149 00,2233 0,23517 0,2400 00,2068 0,25% 0 00,2049 0,273}

LOAN # 3, AS UF *73 HAS A 4“4ALANCE OF 26850, AT A RATE OF 074
[T A5 360 MOKYIAS LEFT, A~D HAS obtM ON THE BUOKS ¢ #ORTHS
AND HAS THE FOLLOWING PREPAYMENT EXPERIENCE

0.,01°7 2.0237 00,0342 00,0444 0,05142 0,0638 00,0733 Q,0627 0,0920 0.1013
Coaliod 0,1194 00,1283 60,1372 O0.ldoU €,1548 00,1635 06,1721 00,1807 0.1893
0,197¢  0,2063 02,2147 0,231 0,2315 00,2399 00,2482 0.,25%64 00,2047 0,2729

LOAN 5 4, AS OF *74 HAS & wAaLANCE OF 18275« AT A RATL UF L0861
[T w25 560 MONTHS LEFT, AN HAS LEER UN ThRE RIOKS O DONTHS
Aty wiAS THE FCLLOWING PREPAYMENST EXPERIENCE

Gohl2/? 0,0237 00,0343 00,0644 (,05d¢ 0D,00359 0,0734 049829 u,0922 0.,1014
Q1005 0,1196 D,12485  0.1374  (,ldoe 00,1550 00,1037 Q0.1724% 00,1810 09,1896
DalY 1 N,2060 2151 0,0235 (2319 (,2402 00,2086 042569 9.2050 w,273%4
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TABLE 8 (Continued)

LOAN # 5, 88 UF “75 naA3 A4 HALANCE OF 20806. AT A RATE OF 094
IT HAS 350 MONTHS LEFT, AN HAS REEN un THk BOGKS 0 MOWTHS
AND HAS THE FCLLOW.TRG PREPAYMEAT EXPERIFLCE

0.,0127 0,0239 06,0343 0,0445% (,0%44 00,0641 0,0757 00,0832 0,092 0,1018
0,1109 00,1200 0,1290 0,1379 0,1467 0,155% 0.1665 00,1739 0,1816 0,1992
V.1988 0,2073 10,2158 0,2242 (¢,2327 0,2610 60,2494 0,.2577 0©,2660 10,2743

LOAN # 6, AS UF "76 HAS A BALANCE OF 3is68, AT A RATE OF ,095
IT HAS 360 MONTHS LEFT, AND MHAS BEEN On THE HOUKS 0 MONTHS
AND HAS THE FOLLOWING PREPAY“ENT EXPerIENCE

0.0126 90,0238 10,0343 10,0445 00,0544 00,0641 0,07358 0.,0832 0,0925 06,1018
0.1199 0,1200 0.1290 04,1379 0,1467 ¢,15%6 0,163 0,1730 0,1816 0,1903
N.1988 19,2073 00,2158 0,2243 0,2327 00,2411 00,2494 0,25748 0,2001 10,2743

PRESENT VALULUE AS COF "/6 = - 1337390,970
8N0K VALUE A3 UF °76 = 122949,230
LOAN # 1, &S QF 71 HAS A BALANCE UF 12898, 4T A RATE OF ,083

IT HAS 350 MONTHS LEFT, AND HAS BEEN 04 THE HQOKS 0 MUNTHS
AND HAS THE FULLG#ING PREPAYMENT EXMERIENCE

0,0128 ©0,0239 v,0344 0,0443 0,054 0,0639 0,06758 0,0832 0,0924 6.1018
C.1107 00,1198 10,1238 0,1377 0,146% 0,1553 0,1640 0,1727 00,1810 0,1899
0,1985 0,2070 0,2155 0,2239 06,2323 0,2407 0,2490 0,2573 0.265%6 00,2739

LNAN & 2, £S5 OF *72 HAS A BALANCE OF 28722. AT A RATE OF ,077
Il nAS 360 MONTHS LEFT, AND HAS HEEN ON THE BUORS 0 MOWNTHS
Aull KAS THE FOLLDWING PREPAYLNT EXPERIENCE

0.0i27 0,0238 0,03542 0,04435 00,0541 0,064 0,3755% 0,0828 0,0921 0,1013
O.110d 0,1194 0,184 0.1373 0,140l ©€,1549 00,1630 0,1722 00,1808 0,169y
0.1979 0.2064 C,21649 00,2233 0,2517 0,2400 00,2483 09,2566 00,2049 0,2731

LoAN # 3, AS OF *73 HAS & BalLANCF OF 26BSV. AT A RATE OF L0074
[T HAS 360 MONTHS LEFT, AND h2a§ HEEN 0% THE BOOKS 0 MONTHS
AND HAS THE FOLLOW "G PREPAYSMEAT EXPERIENCE

0,0127 n,0237 00,0342 0,044 0,054% 0,0639 0,0/54 0.,0827 90,0920 0,1013
0,1104  6,1194 0,1283 00,1572 00,1450 00,1548 0,1035 0,1721 0Q,1807 0,1d93
41978 0,2065 00,2147 042231 00,2315 05,2399 0,2482 0,2564 Vel047 00,2729

LNAN & 4, &S OF *74 HAS A gALANCE OF 18275, AT A RATE OF ,08]
1T A3 360 MONTNS LEFT, AND MAS SERN U4 THE KUTRS 0 MONTHS
ANMD HaS THE FOLLYCnING PREPAYMENT EXPERIENCE

0,0127  6,0237 0.0841 0,0485 (6,053 00,0640 0,0734 0, 0829 0,0922 0,1014
CelllS D,1196 0,12K5 0,1374 Q,14K2 09,1550 0,10657 Vel/24 0,1410 C.ln9s
Pel9el 00,2066 00,2191 04,2255 00,2319 (,2402 0,246 0,2569 00,2651 0,734

LAYAN # S, &8 UF 1% HaS & DALAMNCE OF cubts, AT 4 RATE OF 994
Il a5 360 MONTHS LEFT, AND FA3 sEeft U THE BUOKS O MONTHS
AdD HAS THE FOLL o 1°G PRFPAY T EXPERTEUICE ’

N.0127 10,0287 0,53449 0,044  ¢,0844 0,08 00,0757 0,0832 U,0925 00,1018
041109 0,1200 02,1290 0,1579  D.18na7 0,158% 00,1643 0.1730 0.1f10 B,19y2
0,1988 ~ 0 ,2078 0,215 0,2242 o327 0,2110  (,2484 00,2577 0,2000 0,273
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TABLE 8 (Continued)

LOAN B 6, 4S8 UF */6 rnaS A BALANCE OF 3130, AT A RATE OF L939%
IT HAS 360 MONTHS LEFT, anl’ HAS BEEN OY THE SUURS G MONTHS
AD HAS THE FOLLUWING PREPIYMENT EXPERICGACE ‘
1.0127 0,0239 0.,03d44 0,044 0,0544 0,0642 0,078% 0,0832 10,0925 00,1016
T,1109  0,1260 ©,1290 0,1379 0.1467 00,1556 0.,1043 C0,1730 0,181 00,1903
Te1984 0,2073 00,2156 00,2243 00,2327 0,2911 0,2494 00,2578 0,20061 0,2743
PRESENT VvALUE AS OF ‘70 = 132722,710
BOOK VALUE AS OF *76 = 122949,250
PERCENT CHANGE [N PV = =0,7%4
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APPENDIX A

COMPUTER PROGRAM LISTING




INTEGER GOCHUS 0T A, URE, YE S, Y, YR T vl ALY

REAL THEGPP(GPRUD pL oMU, YK, An (), TG Cu80), TIUTCS (usun),Pv(L2),

1 PRE™TDICED) ,LAFRCL (UG, 2) 0 C (406202015 090) ,FORCLMCBBUY, TPHcPu(43])
QCUBLE PRECISIUN FIAME ,Mudie , Zeaey g Kiwdt By Lo bME

COMMOR/RAC/LON.,PR2{MUS. CONKAT ,,PVFACT ,»OELAY ,PRENGH, LMFRCL,
1 AFACT,SFACT

DATA NU/°N®/,YES/°Y®Y/
IPC=i10

EARLY=1900
00 1 [=1,40

i DIS(I)=0,0
1Y WRITE(S,100)
100 FORMAT(*® ENTER THE SAVINGS % LUAN GOCKRET #Q0, ALD THE £ OF LUANS")

READ (S, x}DOCHUH, NL
WRITE(S,111)
111 FORMAT(® wHEN DO YOU WART The CASH FLOWS TO START PRINTING?®)
READ(S, +) YRINI
WRITE(S,101)

161 FORMAT(” IS THE LOAaN DATA UN DISKE??)
REAN(5, 102)8NS
12 FoORMAT(AL)

IF(auS,EU,°YPILE TO 20
nRITE(S,104)

104 FORYAT(® =~HAT =CulD YOU LIKE TO CALL THE FILE?®)
READ(S,105) ZilarE
105 FORMAT (A1)

OFEN(IINIT=29,NEVICE="05K? ,FILE=ZNALE, ACCESS="HEQ0UT ")
UC 2993 AMCALL=1 .0
WRITE(S,3G0) eCaLi,

LN FORMVAT(® FiTER 1= THE LOAM AMOUILT, "/
1’ 2=TnE YEAR LOAf may THAT A&r0UNT, "/
e ° 3= TS CONTRACT RATE, "/
3 B=YhE UMYER OF 20 ufn3 LEFT TC eaTURITY, AND °/
q S«THE AGE ([N MGMTHS) OF LOAKN & 7,12)

KEAC (S, * )PRINUS, Y o COMKRAT o T, DELAY
WRITEC(2S, 300 IPFINCSS, YR, CONRAT,, MaT,MELAY

f01 FORMAT(F13,0,15,F3,4,215)
IF(YR.LT L EARLY)EARLY=2YR
299 CONTIANUE
CLGSE (UNIT=25)
GO TU 30
20 WRITE(S,106)
1re FGRWAT(? wHAT FILE IS IT I&?°)

READ (S, 199) ZNAAE
OPEN(IALT=2S, LeVILE=DSKk? ,FILE=Zt. AL, ACCESS="SEULIN®)
DO 29% T1=1,NL
READ(PS, 2)PR[LCS YR, COMKAT AT, MDFLAY
IF(YR LT EAFLYIFASLY=YR
23h CONT LHUE
CLOSE(UNIT=2%)
v WNRLITE(5,107) :
Lot FORVAT(” 18 Trk PEEPAYGENRT DLTA v "ulsk®, TG RE "nann" 7,
1 ‘b tekgd,7° U2 Tu Bt "CALCULATER"?2?)
READ(S,102)1+P
[FCEPE_NE,°C%Yt T ul
GRITE(S,1u?7S)
1 EAAD FOueral (o YU oanl TT CALLLAaTEDR Frohs "akwn) IRARY" ¢,

(V2]



1 HMORTGAGLE RATES,*/” O” Tt "“TER“™ STHUCTURE DETEX#[ito®,
e ° MYMORTOAGE HATES??®)
READ(D,102) 1PL
IFCIPC NEL"A%IGY Tu 35
WRITE(S,108)

1oe FORMAT (" wnERE ARE TAF PrOJECTIED »ORTGLECE WATES Al n’,
1 ° DISCOUNT POIMTS??)
READ(S, 1R )}MNAME
OPEN(UNIT=23,NEVICE="DSK? , ACLESS=*SEuLIN®, FILESMLAME)
KEAD(23, %) (((CCTLsd) Jd=1s2),0I3C1)),=1,u0)
CLOSE(UNIT=?3)
GO TU 790

35 INNZYRINI~EARLY
IF(ZHNNGLEL0.0)GD T0 70
WRITE(S,350) 2NN

350 FORMAT(® YQU MEED *,F4,0,% PAST MORTGAGE FATES ANG OISCOUNT®,
1 POINTS," /" wHAT FILE ARE THEY [nM7?2°) ’
READ(S, 10S)IMNAME
NNHNSIFIN(Zrn)

OPEN(HNIT:ZS,DEVICE:’D&K'yFILE=NNAME,ACCESS:‘SCQ[h’)
READ(23, %) (C(LCCI,J)sd=1,23,DISCI)), 121, ait)

CLUSE (UNIT=23)

WRITECS,351) .

351 FORMAT(® wrAT FILE ARE TnE LIGUIOITY PREMIUMS [N27)
REAN(S,105)LuamE
OPEN(UNIT=23,NEVICEZ DSK?  FILESLIARE, ACCESST SENTN®)
WRITE(S,352)

152 FORMAT(? wHAT SPREAD DU YOu PHUJECT FOR THE MORTGAGE RATE UVEWR®/
!  THE TREASULUNY BILL RATE? (l.E, 0,u21)°%)
READ(S, *x)SPKD
60 10 70

44 IF(IPP NE,"D")GU TU SO

WRITE(S5,100)

READ(S,105)FNBME

QPEN(UNTIT=24,GEVICE="DSK®, ACCESS="SEWIN® (FILE=FNANME)
PPuUUT=NO

UrP=24
GH TO 60
51 urpP=5
RITE(S,1908)
113 FORMAT(T "NOULD YOU LIKE TO HAVE THEM PUT 0N DISK?Z")

READ(S,102)PPOUT

IF(PPOUT NEL,®Y?)GO TO 60

WRITE(S,104)

HEAD(S,10S)FrNAME

OPEN(UNTIT=24,DEVICE="NSK®, ACCESS=*SEQOUT . FILESFNAME)
nQ IFCIPR NE,"DPYARITE(Y,61)
a1 FORMAT(® OKAY, ESNTER THE 30 YEANLY PRCPAYNENT #8°°5°7)

READ(UPP, x) (PREMIN(I) s I=1,30)

VTF(PPOUT EW, Y ) wRITE(20,109) (HREMON(TI),[=1,30)

179 FOGRART(F9,5)
CLUSELuUNTIT=24)
Ty CIONTINUE
wWRLITE(S,110)
Pt FORMAT(® wnlRE ankE T EXPECTEL FOKECLLSU~E RATES FUUNV?T)

REAT(S,10%)FNvAaE

OPEN(INITS29, DEVICER 08K, FILemFldME, pCCeS3=7SE0TNT)
REAG( 20, x) C(LYFRCLAT, ) s d=002) 0212 00)

CLosL (Ul =24)

A-2




St

113

114

116

71
115

72

73

119

129

5032

Indy
3034

eQITE(S,112)
“EAD(S,»)PFOR

FORVAT(® ahal PERCENT UF FURECLUSUHES LU YOU EAXPECT TU RECUVER?2?)

wWREITE(S,113)

FORMAT(® Huw MANY MONTHS INTEREST wILL BE CHARGED FOR THE PREPAY”,

1 ’MENT °/° PEUALTY (ENTER 100 FOk THE FHLMC METHOD)Z")
KEAD (S5, *)~OSPEN

SRITE(S,114)

FORMAT(* ~HnERE ARE THE K®°®S FQunD?%)

READ(S, 105)KNAME

WRITE(S,(16)

FORMAT(® DO YOU NANT TO ARBITRARILY SHIFT THE TERM STRUCTURE?®)
READ(5,102) INTWK

IFCINTWK ,VE.*Y?)CO TO 71

WRITE(S,196)

KEAD(S5,105)FNAME
OPEN(UNIT=20,DEVICE="DSK®,FILESFNAME, ACCESS="SEQLN")
GO 1O 72

wRITE(S,115)

FORMAT(® ENTER RK, RReHAY, 11, AND IlIleHAT®)
READ(S,%)QR,RRHAT,Z11,Z1IHAT

CONTINUE

uso0

WRITE(S,117)

FORMAT(® OU YOU wWISH TO ADJUST FUOR UNCERTAINTY??)
READ(S,102) IFUN

IFCIFUNSNE,°Y?)GO TO 73

MRITE(S,118)

FORMAT(® ENTER 1= THE COKNELATION BET#EEN CASH FLOWS AND *,
1 * REYURN QN THE MARKET,*/° 2= FHE MEAN OF (l+ THE °*,
2 "GROWTA RATE UF THE CA3H FLUWNS), "/’ 3= THE *,

5 PSTANDARD DEVIATION?)

READ(S, #)RU,muU, SIGMA

COMTINUE

SRITE(S,119)

FORMAT(® DO YLU HANT TRHE MOGNTHLY CASH FLOWS PRINTED QUT?2*)
READ(S,102)0UT!

ARITE(S5,120)

FORMAT(* D3 YOU wANT DETAILED PREPAYMENTS, ETC,2°)
READ(5,102)0UT2

. WRITE(3,303)00CHUM,PRLATE,PFUR,MOSPEN, (LNFRCL(I,2),1=1,40)

FORMAT("1°,17%,°CASH FLUOAS FUR SAVINGS & LOAN DOCKET NU.*,I18/77°

T5,%2= ®sF6,2,°% RECCVERY OF FORECLUSURES®/
TS,73= °,14,° "MUNTHS PREPAYMENT PENALTY/

TS, *4= THE FOLLUWING FURECLUSURE EXPERIENCE®/
10FB,4/710F8,U/10F8,4/10FK,4)

VI &N e

IFCIPP,NE,*C®)GO TU 3035
IFCIPCEQ,"A%)IGO TO 3033
ARITE(3,3032)MNAME ,LIWAME, SPRD

FORMAT(/15,°5= PREPAYMENTS kAt TFRM STRUCTURE DETERMINEDL USING®/

1 T8,° FILE “,410,° FOW PAST MORTGAGE RATES,“/T8,°FILE *,al0,
2 * FUR LINUIDITY PREAIUNS,/T6,°4MD A SPREAD OF °,F7,4)

60 TO 3041

#RITE(3,35034)MNAME

FORMAT(/15,°5= PREPAYMENTS wEKE CALCULATED FROM THE MORTGAGE °,

A-3

PTHESE CASH FLUOWS ASSUMES®//T5,%1e« *,F6.,2,"% LATE PAYMENTS®/

‘IZ‘SXp



1 RATES FOUrv IN %,810)

GO TO 3041

3045 NRITE(3, $04)PREMLYN

00 FORMAT(/TY%,°5~ IHE FOLLOWING PHREPAYMENT EXPERIENCE®/
1 J10FB 4, 10FR, 4,10F8,4)

304 WRITE(3, 3042} KNAME

Jou? FORMAT(/TS, 6= TERM STRUCTURE SPECIFIED FROM FILE *,410)
IFCINTWK EU Y )ARITE(S, 3043)FNAME

3043 FORMAT(/TS,%7~ SHIFTED TERM STRULTURE FRUM FILE “,4A10)
IFCINTAK NE,"YP)WRITE(3, 30U44)RKR,RRMAT, Z11,Z1{HAT

Inud FORMAT(/TS5,%7= SHIFTED TeRM STRUCTURE USING PARAMETERS®/

1 TB,°RK = *,FT.4,° RR=RAT = *,F7.4,° 11 = *,F1.4,
2 ° ll=HAT = ’,F7.4) :
IFCIFUNNE,*Y*)WRITE(3,3045)

3045 FORMAT(/TS, "8~ NO UNCERTAINTY ADJUSTMENT?)
JFCIFUNEQ,TY )NRITE(3,3046)R0,MU,SIGMA
50406 FORMAT( /TS, 8= UNCERTAINTY AOJUSTMENT ASSUMING®/

1 TR, °RHD = *,F6.3,° MU = *,F6,3,° SIGMA = *,F12.3)
PFOR=ZPFOR/100,

DO 999 Lil=1,2
BOKVAL=0

0 S J=1,480

FORCLM(JI=0,0

JICTCS(J)=0.0

TREGIN(J)=0.0

TPREPA(J) =0,V

TQEGPP(J)=0,0
5 CONTINUE

IFCIPC NELCT?IGYU TQ 9
OPEN(UNIT=15,0EVICE= NSk’ F ILESKNAME, ACCESS="SEQINT)
OPEN(UNIT=23,0EVICES"DSA , FILESLANAME, ACTESS="SEQINT)
I71=1

NYR=EARLY

IF(INN,LEL0,0)60 TO o

121=120+¢1FIx(ZN)

NYK=YRIN]

3 J=0
DO 7 [=141,40
Suit=0
00 8 JJ=1,4
RERES|

READ(1S, *)KK(2)

IFCCLLL L EQ.2) JAND, (INTWK NE,L,Y?))CALL THEE(RR,RRHAT, 211,
1 Z1IHAT,KK(2),J) v

IFCOLLL L EQ,2) JAND CINTHR ENL Y?)IREAD(R20,2)KK(2)
IF(JLEQ,1IRT=RR(Z)

1IF(J.EG.1)GU TO 65

CALL FORRAT(KK,,JsR)

READ(23,=)L

CALL SPTRATIR,L,RT)’

65 SUMZSUMRT
KK (1)sKK(2)
A CONLTLINUE

CCizZI,1y=nyi
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I121=121+1
MYR=UYior]

7 CUNTLwUE
CLOSE (UNTIT=R3)
CLOSECUNET=1S)
9 COnwTINUE

optmtnmlr:es,nEvlCE:'DbK'.FILE=£N£FL.Access='btulm')
IFCINTRK EG, 7Y ICLUSE(1T=20)
IF(INTnK.Eu.'Y‘)UDtN(bu{!=20.DtVICt='USK'.ACCESS:'SEUIn',
1 FILESFNAME)

DO 700 nNH4CALL=1.NL
READ(ZS.*)PRINUS'YR:CONRAT.MAT.*DELAY
IFCIPP,EQ,°C%)CALL CALCUL(CoDIS-CUNRAT,PREMON:YR:NOELAY)
hRITE(3.305)NNCALLaYR,P"1NUS.CONK6T.MAI,MO&LAY
505 EORYAT(®0°,T10,°L0AN & °,12,%, AS OF ree ,12,° naS A BALANCE UF°,
' 1 F11.,0,° AT & RATE OF 2 kS 37757 1T HAS’,14,® MONTNS LEFT, AND?,
2 * dAAS HEEw uN THE NUOKS®, 13,7 UNTHS?)
IF(IPP EQ."C°YNRITE(S, 506)FHEAIN
500 FORMAT(TS, " ANND HAS THE FOLLDING PREPAYMEMT EXPERIENCE®/
1 10F6.Q/10F8.4/10Fa.u)
COnRAT=CUMRAT/2
PVFACT=(1,+CORAT) xamAT
SFACT=(1.,/PVFACT)
AFACT:(\.-(I./PvFACT))/CUNRAI

PAY:PR{MUS/((1.-1./PvFACT)/CUhHAT)
CSHLTE=D,0

[11=nntiay
IF(CUT2,EN Y ) vilTE(3,121)
121 FORNAT(/® LOAN dhLANCt'.TX,'I“‘EHEST',SX.'PRI“CIPLE'p

! ﬁx"PNEPAYFENTS"bx"FURtCLUSUGES'J
J1=(YR=TRIN])®}12 :
DO 500 JSYRA12,YTRAL2+VAT=]
II=siled
I1t=0T1+¢!
REGINT=PRINOSALINKRAT
REFRPY=PAY=REGINT
P%tvav=pnam0M(((111-1)/12)¢1)/:2tpaxmus
DO RO K=1,40
AKKEK
IF(FJ/12) JEOLNFHCL(K,1))G0 10 99

YY) CINTINUE
J=J/12
rRITE(S,85)]

RY FORMAT(® 0 FOKECLOSURE FOK & °,L16)
stae

qu FORCLSSLNFRUL(RRAR,2)/1E*PRINUIS

TSTUEGEPRINNS=REPRPY =F URCLS=PHEPAY
IFCTSTRAEG LT OIPREPAYZRREPAY+TSTNEL
IF(PREPAY LT, 0)FURCLSSFORCLS+PREFAY
JFCOREPAY LT 2) PHEPLYSY
IF(FOURCL3 LT 400) FORCLS=0O

IF (POSPEL gt o 1u0)Gy 10 LCuvb
IF((J-MDtLﬂY).Lt.50)PPYPtK=htCUH*GT*PERCuIRPREFAY
1”(((J-“UELAY).GT.56).3“0.((J-MULLAY).LE.60))"VYFtk=.05+FREPAY
IF((J=MDELLAY) T 60)PRYPENZD
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GO Tu 120901 :
1aubu PPYPENZFLNAT(MUSPEN) *CONRATAPERCHTRPREPRY

feoutl IFCTILED 1 )BURVAL=gOKVAL4PRTNOS
PRINOS=PRINOS=IWERPRPY=PREPAY=FURCLS
TOTCSHEREGINTH+REPRPYSPPYPEN+PREPAY+FURCLS*PFUR

IF(OUTZ ,EQ Y )ARITE(S,) *)uMCALL ) Jr PRINUS)REGINT)REPHPY,,PREPAY,
1 FORCLS .

AFACT=AFACT=-5FACT
SFACT=SFACT/(1./(1.+CONRAT))
PAY=PRINOS/AFACT

IF(II,LE.0)GU TO 600
IFCIL . GT a80)Gd TD 640
TTOTCSCII)=TTOTCSC(ITI)+TJILSH
TPREPA(II)I=STPREPA(IT)I+PREPAY
FORCLACII)=FURCLMCIT)+FOKCLS
TREGIN(TII=TREGINCII)+REGINT
TREGPP(II)=TREGPP(II)+REPRPY

6010 CONTINUE
100 CONTINUE _
OPENCUNIT=1S,DEVICE=DSK? ,FILESKNAME, ACCESS="SEdINT)
IFCIFUNEN, Y )OPENCUNITR28,0UEVICES DSK®, FILESLVAME,
1 ACCESS=’SERIN’)
Py(LLL)=O
D0 800 1=3,480,3
READ(15,*)}TK
KK(2)=TX
J=(T=1)/5+1
TFCCLLL JEN2) JAND, (INTaK,,NEL Y ?))ICALL TWEE(RR,RRNAT,Z1I,
1 Z1IHAT,TK,J)
IFCCLLL JEN.2) JAND G (INTAK L EQ,, Y )IREAU(20,%)TK
CaLL DENUCTK,JedENM)
IFCIFUNJNE L Y?)IGO TO 799
IF(J B, 1)RT=KR(2) .
IF(J.EN,1)GO TU 795
CALL FORRAT(KK,JeH)

READ{(23,%x)L
CALL SPIRAT(R,L+RT)
795 CALL UFCTC(TTOTCSC(1),RO,4U,SIGMA,RT,J,U)
799 PVILLL) =PV (LLL)+(TTOTCS(I=2)+TTOVCS(I=1)+TTOTCSC(I)+U)/0LEN
' KK(1)=KX(2) '
800 CONTINUE

NRITEC(E, 3LL)YRINI,PVILLL)
ARITE(3,313)YRINI,BOKVAL
313 FORMAT(//T20, B00K VALUE &S OF “°%,12,° = 7,F20,3)
CLOSE (UnlT=22S)
CLOSe(uUVIT=15)
IFCOUTL EQ, Y )INRITE(S, S10)FURCLM, THEGIN, TREGHP, TPREPA, TTUTCS

999 CONTInNUE
PRCHE((MV(2)=Pyv (1)) /PV(1))*100
WRITE(3,312)FRL

e FORMAT(//7T2%, "FPERCENT LHARNGE In PV =27,F8,3)

31} FORMAT( /7120, 0uESeNT vaALUE AS UF °°%,12,° = *,F20,35)

319 FOR”AT(‘lFO“tFLWSUHfS"hF10.(.IQ(/XBX,oFin,R)/'lINTERFST',dXo
1 6F10.2,79(/134,6F 10,2)/7°1PRINCIPALY,34,6F10,2,790/715),
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£

859
851

1090

1G

2 G6F10.2)/°LPKREPAYMENTS®,1X,0F10,2,79¢(/13%,6F10.2)/
3 c*irorat FLUWS 21X, 6F10,2,79(/713%x,6F10,2))

$1=z0,9

SUUMG=0,0

SUMG2=0,0

DO 850 [=4,480,3
IF(TTOTCS(L) LELVUL,0)GO TU 8S1
SI=Sl+1}
G=(TTOTCS(1)/TTOTCS(I=3))=1
SUMG=SUYG+G
SUMG2=SUMG2+G* %2

CONTINUE

6GMU=S1MG/ ST

G2A=5UuMG2/S1
SIGMAG=(G2MU+GMUR*2) /(S]I=1)
WRITE(3,%x)6MU,SIGMAG,SI
ST0P

END

SUBROUTINE CALCJL(CoUIS'CUNHAToPREMUNoYRrMUELAY)
REAL C(40,2),NIS(40),PREMONCIO)

INTELER YR
DG S I=1,40
J=1

ZJJ=FLGAT(YR)=MDELAY/1Z,
IF(2JJ.EG.CCL,1))G0 TO 6

CONT INUE A

WRITE(S,100)2Jd

FORMAT(® NU C TD MATCH *,F8,0)

STOP .

DO 10 iI=1,39

AzsFLOAT(L)
PRE“O”(I)=10**('.Sbl78*.902“9*ALUGIO(A/30)
1 '.lOSﬂ*(C((I*J‘l)'a)'CUNRﬁT)'.OZITQ*DIS(I))
CONT]INUE .

RETURA

END

SUBRUDTINE DENU(KK, T,DEN)
INTEGER T

REAL kK

DENZEXP(Kk&T/4)

RETURN

END

L s,



SUBROUTINE FORRAT(KK,T,K)

IMTEGER T

REAL KK(2),K

K4 ALOGC(EXP(KK(2)AT/ZY)I/ZEXP(KK(1)x(T=1)/4))
RETURN :

END

SUBROUTINE SPTRAT(K,L,I)
REAL K,L,I

I=KeL

RETURRN

END

SUBRQUTINE TWEEL(RR,RRHAT,II,IINAT,KK,T)

INTEGER T

REAL II,IIdAAT,KK

KK=(14KX) * ((RRHAT~RR)/(14RR) I *EXP (=, Ul=,1U4kT23)

i +(1+KKIRCCTIHAT=TI) /7 CL+IY) ) %EXP (=4l =,094T%3)
P4 +hK :
RETURN

END

SUBROUTINE UFCT(TTOTCS,RU,MU,SIGMA,RTJ,U)

REAL Mu

Uzs3*TTOTCS* ,0882a00%(),14=2 19%RT)A2((CC(SIGMAr*2)+(MUX%2))xa])~-
1 ((MUxx2)x%xJ) ) xx(,5)) ’

RETURN

END

SUBROUTINE UFCT(TTOTCS,RU,NU,SIGMA,RT,J,U)
REAL vy .

U=, 08324nR0% (] ,14=2,192RT)*S[GMA

RE [

END
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LISTING OF DATA INPUT FILES
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The computer program allows the user to set up input files which
contain data needed for performing the various calculations. The user:
simply references the file name at the appropriate place in the program,
and all the data in the file is made available automatically. The fol-
lowing pages contain examples of}exact data with the name of each data
file in capital letters preceeding the data. The nature of the data in
each of the files has been discussed previously at the beginning of

Section II.




LOAN.A2

12898;11,.06“5.5ﬁu.0
287281/2:.0’6’)3h”;0
26850:71'.07“1,500'0
18275,74, ,0R09,3560,9
20806, 75, ,0d5, 36, N
31368,76,.0951,300,0

MORT.PST

71'.0708'0
72'.07“610
13,.0R24,0
74, ,096%,0
757 .0993,90
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FORC.RAT

70, .v2
71'002
72, .02
713,.02
70'002
75'.02
76,02
77,402
78, ,02
79,402
80,,902
81'002
82' 002
83,.07
bu,.ﬂa
85'002
B86,.02
87,.,02
88,,02
&9'.02
90,402
91:.02
92,.02
93'.02
94, ,02
95'.02
96, .02
97'.02
98, .02
99'.02
100, ,02
101'.02
102, .02
105r.02
10“'.02
105,,.02
106,.02
{0/,.02
106,,0¢
109,,.02
110,,.02
111' .08
11&:.02
f13,.02

<t



L.OT.

0017 0022 N02¢
,0021 0022 0vee
0022 0022 022
20022 0022 0022
0022 L0022 0022
0022 002 L0022
e 0022 .0022 0022
0622 0022 «0022
,0022 0022 .0022
0022 D022 0022
.002¢ 0024 0022
0022 .0022 0022
0022 0022 L0222
0022 0022 0022
.002¢ ,0022 L0022
0022 0022 - L0022
<0022 . 0022 0022
0022 «0022 0022
,0022 002 0022
0022 0022 L0022
00022 0022 ONES)
L0U2e L0022 L0022
L0022 0022 0022
0022 0022 0022
L0022 « 0622 0022
20022 0022 .0022
0022 L0022 0022
NU22 G022 0022
,0022 L0022 0022
0022 0022 0022
L0022 L0022 L0022
0022 0022 , 0022
e 0022 C .0¢22 0022
0022 L0022 0022
0022 L0022 L0022
L0022 0022 L0022
0022 N02e .0022
Jou2e2 022 ,0c22
0022 S22 0022
LN02¢e .N02¢ L0022
0022 L0022 L0022
022 U2 L0022
00P2 L0022 0uee
L002¢ ' ovae s002¢
Jover QU2 0022
L0022 L0022 L0022
L0022 L0022 L0020
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K.DT.

LY LO7hY J076Y
+ 0562 «07h0 L0760
« 0549 «0760 L0760
<0613 « 0760 «076C
<0035 0760 .0760
OObSu .076“ .0760
« 0659 20760 ,0760
«0031 o 0760 0766
<0692 « 0760 L0760
«070c 00760 20750
.071¢0 « 0760 «0760
20717 «0760 ' 0760
J0724 ¢ 0780 <0760
« 07249 00760 0760
« 0735 20760 N6V
0 073%Y L0760 L0764
s074d4 20760 , 0760
o 07dn 0760 «07060
« 0752 N76V 0760
, 0755 <0760 WOThHY
«0759% . 0750 0750
0750 4076V «0769
s 0759 V76V ,N760
<0750 <0760 0760
0760 <0763 «076%
«07hU <0760 L0700
207151 D716V L07HU
LOThY oC760 D760
w0760 0750 «N760
f 0750 <0706y <0760
wOThY « 0750 <0760
0 07h% <0700 .0760
o 0TAU s 0760 .0760
<0760 0769 L07hY
L0760 <0760 L0760
.076'\) 00','}0 .07’)0
JNTeY <0760 s 0769
«0769 «0760 L0760
L0769 074 2076V
0750 «0760 076t
076U « 0760 «076C
JNTAY <0760 076V
0760 : <0760 «0700
J076uv J076kU 0760
<0760 <0760 W 07hL
eNioy e 0760 D760
JUIRY <0760 e N T4
JUTAaVY 0760 «071hv
JVU 1A 0769 <0700
270 NTky J0760
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sl14
107
slan
,098
0« 295
,7925
9091
. 097
29891
L0884
20878
@873
210868
, 2363
20859
« 0855
o 2852
+ 2395
EY
. 085
0285
2 @85
2089
4085
» 245
«285%
. 385
0085
e @695
«P85
,085
085
e 138
245
0035
e 035
EL:
» 085
(@83
L 285
+ 985
,345
s 239
e 289

AX.DT.

,085
083
1235
<085
, 085
, 085
v285
285
. 385
285

-0gg
9385
» 2858
» 85
¢ 289
» @85
+@85
»,885%
e CED
« 085
» @3S
« 385
e 2B
ed8S
Q2853
« 885
g 939
2 V8BS
AN
» 189
+ 935
» 2385
» 085
¢ V8BS
. 085
e N85
385
« @35
» 085
« @85
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085

«235
W135
,085
» 085
+085
,085
,045
.085
.2a5
2235
285
.085
@39
$ 283
L2385
285
283
.285
EE
.385
e85
L2585
1935
L085
,035
re
.85
, 385
, 185
o189
, 385
«035
,285
<285
L0585
,285
.085
, 863
.285
.285




