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Introduction

The main purpose behind the rating of securities is to
provide the investors with a quick and concise way of
comparing the quality of various bonds to each other. The
data presented in this paper was obtained for this purpose
from the most recent publication of Moody’s Bond Record.

The system employed in collecting and presenting the
securities was originated in 1909 by John Moody. This
particular system presents the individual investments in a
form which is analogous to the graduations of the investment
quality. Each graduation subgroup, displaying a broad range
of the same characteristics, is indicated by a rating symbol.
There are nine different symbols available:

Aaa Aa A Baa Ba B Caa Ca C
An investment carrying a rating of Aaa is considered to be the
highest quality investment, which presents the smallest risk.
The ratings continue down the scale from there, with an
investment carrying a rating of C being the lowest quality
with the highest risk factor. For a complete description of
the definition of a particular bond rating refer to Appendix
I which presents Moody’s definition of each type of corporate
rating.

Within each rating category from Aa to B Moody’s also

presents numerical modifiers, 1, 2, and 3. A subgroup rating
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of 1 indicates that the company ranking is at the highest end
of that group; the modifier 2 indicates a mid-range ranking;
and the modifier 3 indicates that the company falls in the
lowest end of the category.

Once an investment has been rated, Moody’s continues to
monitor its progress and will change the rating accordingly if
it is necessary to reflect a different risk factor. These
changes are to be expected more frequently in the bonds that
carry a lower initial rating than those considered as safer
investments. The investor should, however, continue to
monitor the rating of each bond no matter how stable it
appears in the beginning. This is necessary if he is to
respond properly to any changes.

Since Moody’s ratings are only designed to reflect the
overall investment quality an investor should be aware of the
other characteristics involved in the specific bond being
purchased. It is not a safe assumption to rely on the rating
as a means of comparison between any two bonds of the same
rating. Other factors, such as market price, money rates, and
general economic trends should also be considered.

The rating reported by Moody’s can also not be used
merely as a measure of how the bond performed statistically in
the past. In order to recognize the objective of an investor
to predict future trends, Moody’s takes all steps necessary to
look at the potential "worst" return on the investment in the

"visible" future.
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The time series models which will be discussed and
applied throughout this paper are only the surface of the
theory behind the building of time series models. In order to
not complicate the topic, only the basic models needed to
adequately represent the trends involved in the data are being
discussed. Interested readers are encouraged to refer to the
detailed discussion of this topic presented in reference [4].
The time series models being discussed and the algorithms
needed to analyze the data have been compiled from throughout

this reference in a very brief manner.



Beginning Data Analysis

When the data being analyzed is in the form of a time
ordered sequence it is most helpful to use a linear time
series model to describe the data in a logical and predictable
form. Often this identification of a suitable model is not
immediate and can take many iterations. Each iteration can
easily be broken down into three distinguishable stages:
identification, estimation, and diagnostic checking. This
process helps to identify a suitable model, estimate the
parameters involved in the model, then test for adequacy of
fit. If the final stage of the process does not reveal proof
that the model is adequate, within pre-set boundaries, then
the iterative process is continued. From here the original
model will then be modified or discarded altogether until the
estimated parameters meet the expectations.

Once a suitable model has been identified, the
forecasting of future values is relatively simple. In order
to forecast, the model is simply applied to the data.
Consequently, in order to obtain reliable forecasts, which is
usually the purpose behind building the model, the majority of
the time required is in building the model.

It should also be noted that the adequacy of the
forecasting procedure, developed from historical data, relies

on the assumption that the future tends to behave in the same
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manner as the past. Once a model has been identified it is
important to remember that, since it relies mainly on the
behavior of past data, a model is seldom reliable for an
extended period of time. It will be necessary to update the
model to include the additional data available once the
forecasting period has expired and the actual data can be
obtained. The updated model can then be used to continue the
short term forecasting.

The procedure developed in Box and Jenkins [4] will be
the basic approach used. This will be the only method
presented due to the straight forward algorithm it presents as
well as ease in understanding and implementation. This method
is currently being used by many researchers who are faced with
the problem of forecasting business and economic problems

[23].

Identification

The identification of a model deals mainly with the
identification of prior beliefs about the series, and leads to
a possible tentative model. The time series model in
particular will reflect any dependence between the
observation, therefore, the first concern in the
identification of a tentative model lies in the

autocorrelation coefficient:



g(yt_y) (Yt+k—3—,) kel 2 (1)
Ik = 14 Slydys s
ﬁ (yt_?)z

t=1

where the "sample average" is:

N
y =(1/MY v,
t=1

once these autocorrelation coefficients have been
calculated a simple line graph of their values will be used to
test the fit of the data to the expected pattern. If they
seem to oscillate between positive and negative values and die
out rapidly then the correlation is significant and can be
used to successfully identify a tentative model with which to
begin the analysis. Appendix III, which present the various
correlograms for different model types, can be used to match

the pattern to the proper beginning model.

Corporate Bond Example

This section will present an in depth analysis of the
identification and building of a time series model to fit the
data found in the Aaa column of Appendix II. Although the

other four categories, Average Corporation, Aa, A, and Baa
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will not be analyzed in a step by step fashion, the results
obtained by performing the presented method will be summarized
in a later section.

The corporate bond rates reported for all Aaa companies
in the last five years have been plotted in Figure 1. The

abscissa is a "time" axis, where time is assumed to be

Yield Rates for Aaa Bonds

Figure 1- A discrete Time Series

measured 1in monthly intervals. The ordinate is the
observation axis, where the data has been extracted from the
second column of Appendix II. An observation at time t is
denoted by y,. These observations are connected to aid in the
visualization of the pattern the data has followed over the
past five vyears. Casual observation reveals that the

observations do not appear to vary about a fixed point, but



tend to follow a downward trend.
In order for the analysis to continue, the data must
exhibit stationary characteristics. A series is said to be

stationary if the following facts are true:

I. E[y,] and Var(y,) = E[y, - E(y,)]? are constant
functions of the index t.
II. Cov(Y:y Yiu] = E(¥i(Yu)] - [E(y) ]’ is some function

of the lag k alone [23].

The first of these two requirements is obviously violated due
to the decreasing nature of the data. As a result of this
violation the autocorrelation coefficients can not be expected
to provide any valuable information about the autocorrelation
which may exist in this series. Figure 2 verifies the visual
suspicion about the lack of stationarity through the use of
the autocorrelation coefficient formula.

For the original series in Figure 1, with mean equal to

9.0957, the autocorrelation coefficient values are as follows:

r, =1,

£ (v, Feur7)
r, =t

=0.920,
E (Yg_}—’) 2
t=1
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Figure 2- Autocorrelation Coefficients

g (Y:;_;’) (yt+2 _-y_')

r, =0.811, etc.

Sy, -2
t=1

These persistently large values of r, are an indication
of the need for a transformation of the original series that
will produce a stationary model that can then be analyzed. A
reasonable transformation to <consider 1is the forward
difference. The amount of differencing needed to transform
the data into a stationary model is the value of @ for which

the autocorrelation coefficients of the dth differenced series
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die out rapidly and present a recognizable pattern, within
sampling fluctuations.

To illustrate the differencing algorithm, Figure 3
displays a graphical representation of the sample
autocorrelation function of the original differenced series,
W, = Y, = Yg, t=1,2,...,N, followed by Table 1 which displays
the actual autocorrelation coefficient wvalues. The sample
autocorrelation coefficients for the differenced series tended
to die out quickly. It appears from this rapid dieing out
that the original series was a realization of a stochastic

process whose first difference is stationary.

10 20 3.0 4.0 5.0 6.0 7.0 8.0 9010!111012(]13!1140150180170180

Figure 3 - First Differences

Once an order of differencing has been identified that

transforms the series into a recognizable pattern the new
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series consisting of the differenced data can be represented

by the proper time series model that best describes the

behavior of the new data set.

Table 1 - Autocorrelation Coefficients for First Differences

Autocorrelation Autocorrelation
Lag Coefficients Lag Coefficients
1 0.344 10 (0.055)
2 (0.085) 11 0.083
3 (0.032) 12 0.044
4 (0.024) 13 (0.111)
5 (0.076) 14 (0.118)
6 (0.169) 15 0.005
7 0.068 16 0.044
8 0.208 17 0.017
9 (0.078) 18 0.043
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Linear Time Series Model

First, the simple model will be considered:

Y, =pte, (2)

where

e,~N(0,02), t=1,2,...

E(e.e.) =0, t=t/,

The types of stochastic time series models being
discussed, in which successive values are highly dependent,
can best be described as being generated from a series of
independent "shocks" a, [4]. These shocks are random
observations from a fixed distribution assumed to be normal
with a mean of zero and a specific standard deviation. A
random series of these shock values within a small interval of
the observations is sometimes referred to as white noise,
", ..’noise’ because it is unsystematic, ‘white’ because it has
a spectrum like that of white light" [15].

This model implies that the data varies about a fixed
level and follows the laws of normality. Also, due to the

independent nature of the individual random variables, it
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follows that the observations at time t are uncorrelated with

past and future observations for all values of k:

Y =E(Y.~p) (Y ~n) =E(e.e.,) =0, k=0. (3)

Moving Average Models

A logical progression from that of equation (3) is to
allow the deviation of y, from the mean to depend on the shock,
e, Which entered the system during the previous time period,

as well as the current shock. The model then becomes:

Y, =p+e.0,e.,

or equivalently

Y, =Y.-p =e,0,e., (4)

|6,]<1.

The type of model given by equation (4) is referred to as a
"first-order moving average" (MA) process, also denoted MA(1).
The number displayed in parentheses refers to the order of the
model.

Subsequent MA models can be obtained by continuing the
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process of including additional shock values in the model.
For example, the second-order moving average model is obtained
by letting the deviation include not only the current shock
and the previous shock, but also the shock from two time

periods before, e,. Thus the MA(2) model can be written:

Y, =e,~0,e.,-0,e,., (5)
0,+6,<1
6,-0.<1 (6)
-1<0,<1

Autoregressive Models

The other standard type of time series model often used
is called the autoregressive model, AR. In this type of model
the deviation at time t is not only a function of the shock at
time t but also a function of the previous deviation as well.

The AR(1) model can be written in the following form:

7
Y=, Y, ve., |d,]<1 (7)

E(t)=0 Var(e) =62 for all t=f
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E(e,e;) =0  fort=t (8)

E(e,Y,) =0  for &<t

The order of an autoregressive model simply refers to the
number of independent variables, or in other words the number
of lags presented in the model. For example, the AR(2) model

can be written as:

Y, =0,Y. ,+d, Y. ,+e,, (9)

where the following conditions must hold for the coefficients

in order to ensure that the system remains stationary:

$,+¢,<1
¢;-6,<1 (10)

~1<¢,<1

Extension of the Basic Models

In order to reduce the number of parameters involved in
a model it is often necessary to combine the MA and AR models
together. This also helps to represent both the moving
average processes and the autoregressive processes which are

underlying in the data. Once the MA and AR models have been
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combined the following equation serves as a representation of

an ARMA(1,1) model:

Y.~¢, Y, =€, 6,0, (11)

with the usual assumptions on each of the parameters and the
error terms.

Another common variation on the normal representation of
the MA and AR models is the use of differencing to obtain a
stationary set of data. This type of model is referred to as
an Autoregressive Integrated Moving Average model, or
ARIMA(p,d,q) for short. This will be the type of model
employed in the corporate bond rate example being explained.

The most basic of this type of model is the ARIMA(1,1,1).
This implies that a first order MA model as well as a first
order AR model is being used to represent the new data set
that was obtained by taking the first difference of the

original data set.

Corporate Bond Example

From the previous discussion of the pattern of the
autocorrelation coefficients of the new data set it should now
be clear that an ARIMA would be an appropriate model. From

the large spike presented in the first lag, followed by
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significantly smaller negative spikes the conclusion can be
drawn that an ARMA(1,1) model would have been appropriate if
this had been the original data. It was, however, necessary
to obtain the first differences of the data set first in order
to maintain a stationary set. Therefore, the appropriate
model to be employed is the ARIMA(1,1,1) in order to reflect

the differencing algorithm performed initially.
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Estimation of Parameters

The purpose of this stage in the model building process
is to determine the "best" estimates of the unknown parameters
of the given model. At this point it is convenient to refer

to the ARIMA(p, d, ) process by the equation:

& (B)w,=0(B) e, (12)

In general the calculation of the initial estimates is
based on the first p + g + 1 autocovariances ¢;[j = 0, 1, 2,
3,..., (ptg)]. Then proceeds in three stages:

1. The autoregressive parameters are estimated from

the autocovariances Cg,.i, «-+, Cg41sr Cgi2s +++s Cqipe
2. Using the estimates for the autoregressive
parameters found in step one, the first q + 1

autocovariances c’; (J =0, 1, ..., q) of the

derived series:

W, =W~ wo—. .. —$pwt_p (13)

are calculated.

3. These new autocovariances are then used in an
iterative calculation to complete the initial
estimation of the moving average parameters and the

residual variance.
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In order to obtain the system of equations necessary to
estimate the autoregressive parameters the following equation

for the autocorrelations is obtained:

P =P1P k1 d2Pizt- - - +bpPy, k2G4l (14)

The initial estimates of the parameters are then calculated by

solving the p linear equations obtained from equation (14):
Cpe1 =$1Cq+$2 Cq.1+ 0 +$pcq—p+1
c'<I+2 =$1 C'gH-l +$2 Cq+ e +$pcq—p+2 (15)
Cqp =$1Cqp +§, Cqep-2T+ + » TPpCyq-

In order to proceed with the estimation of the parameters

of the moving average process c’; must first be defined as:

P p
éj ='20 ¢§Cj+z (¢o¢i+¢1¢j+1+ L +¢p—j¢p) dj (16)
1= 1=1
where
J =0, 1, r 9
d; =Cj.;*Cy-;
¢o =-1

From here the linear convergence process can be employed
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by first identifying the autocovariance function of a MA(q)

process as:
Yo =(1+0%+...+03) 03 (17)
Yo =(-8,+6,8,,+...+8,,8) 02 ka1

From equation (17) the parameters can then be estimated in

reverse order as:

02 - éO
2 = ~ 5 (18)
1+07+. .. +05
63
0, =-(—-6,0,,,-6,0,,,-...-0,,0) (19)

a

In order to begin the estimation of the MA parameters it is
necessary to first set each equal to zero. The values are
then updated with the values from equation (19) as they are
obtained.

By employing the principle of 1least squares the
parameters can by updated until values are obtained which

minimize:

S(n,$,0) =Y [w.~E(W.|previous w's)]? (20)
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Corporate Bond Example

The method described in the previous section can present
a rather tedious problem when applied to a large data set.
Therefore, it is advantageous at this point to introduce the
use of a computer software to aid in this process of
identifying the optimum parameter estimations. A common
statistical software package called Minitab can be very useful
for this reason. Table 2 presents the various estimations of
the AR, MA, and constant terms. The table presents each of
the estimations as they progressed toward a minimization of

equation (17).

Table 2 - Estimation of the Parameters for
Corporate Bonds With a Rating of Aaa

AR MA

Iteration SSE Parameter Parameter Constant
0 3.49817 0.100 0.100 0.085
1 2.50164 0.248 (0.048) 0.024
2 2.43197 0.124 (0.198) 0.021
3 2.36801 0.006 (0.348) 0.016
4 2.30970 (0.104) (0.498) 0.009
5 2.27006 (0.197) (0.648) (0.002)
6 2.26799 (0.172) (0.646) (0.006)
7 2.26799 (0.172) (0.646) (0.007)
8 2.26799 (0.171) (0.646) (0.007)
9 2.26799 (0.171) (0.646) (0.007)
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Final Estimates of Parameters

Type Estimate st. Dev. t-ratio
AR 1 (0.17130) 0.224 (0.770)
Ma 1 (0.64710) 0.173 (3.740)
Constant (0.00563) 0.036 (0.180)

In summary the following is the model being proposed for

Corporate Bonds carrying a rating of Aaa from Moody’s:

Y, =pu-0.1713(Y,_,-p)+0.6471e,,-0.00563+e,
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Diagnostic Checking

The model now having been identified and estimates of the
parameters obtained, it is necessary to perform some type of
diagnostic checking of the fitted model. This step in the
identification of the proper model is useful in determining
the adequacy of the chosen model, as well as obtaining
suggestions as to any modifications that may be needed before
the model can be used in forecasting future values.

In order to test the adequacy of the model, a new set of
fitted values is obtained using the assumed model. In the
case of an assumed ARMA model the following general equation

can be applied for obtaining the fitted values:

yt =ﬁ+$ (.V,_--l‘ﬁ) _eet-l (21)

The test of adequacy that will be discussed deals with
detecting "non-randomness" in the residuals of the model. The
residuals are defined to be the difference between the

observations and the corresponding fitted values:

é, =y, Y., t =2,...,N (22)

At this point it is important to realize that in order to
assume the given model is correct the e,’s need to be

uncorrelated at any lag with a mean of zero and a common
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variance. In addition the residual autocorrelations can be
defined as:

$e.e,..
r (8 =2, k =1,2,...,K (23)

'
§ a2

t=1

A useful test for determining the adequacy of the chosen
model is provided by comparing a Chi-squared distribution with
(K-r) degrees of freedom, where r is the number of parameters
being estimated, to the related Chi-squared estimate obtained

from the residual autocorrelations:

KX
X2 =Ny ri(8). (24)
k=1

Too large a value for X’ can be viewed as evidence against
model adequacy and the process of model identification and

parameter estimation must begin again.

Corporate Bond Example

Chi-square statistics are automatically computed at lags
of 12, 24, 36, and 48 when the model generator is employed
through Minitab. The following hypothesis is used in

determining if the values obtained at each of these lags is
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significant:
H,: The specified ARIMA model is adequate for

describing the data.

H,: The specified ARIMA model is not adequate for
describing the data.

Table 4 summarizes the findings of this test for the data

being studied.

Table 4 - Chi-square Test for Fit

Degrees of

Lag Freedom p-value
12 10 0.503844
24 22 0.918268
36 34 0.982271
48 46 0.943293

From the large p-values presented in Table 4 it can be
concluded that the ARIMA(1,1,1) model being proposed is an
adequate model for describing the yield rate for corporate

bonds carrying a rating of Aaa from Moody’s.
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Forecasting Future Values

One of the major objectives of the formation of the time
series model is to be able to forecast future values of the
series. The future values should follow the same trends as
the past data and should be a reasonable continuation of the
series.

A word of caution is in order at this point. Since the
forecasting of future values depends on the behavior of past
data it is important that the lead time is not too large. The
model should be updated periodically as new data becomes
available in order to accurately depict any new and unexpected
trends that may arise.

At this point the last value in the original data set
will be referred to as z, and the future values zy, k = 1, 2,
..., g wWill be generated from subsequent iterations of the
model:

2,(k) =z +p 129D ‘(11 ‘s,)) (z,-2,.,) —e—((ll—%-))-e ve,. (25)

Corporate Bond Example

The model developed in a previous section can be applied
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to the job of forecasting future yield rates of Aaa rated
bonds by subsequent iteration of the following model formula:

2,(k) =z.-0. 1713—%"_%}%)- (Z,=Z,.y) +O.6471-£(}1—__<—£’;—) -0.00563

Once again the Minitab software was utilized in performing
this iterative process in order to maintain a high degree of
accuracy in the calculations. The range of k was only allowed
to span from one to twelve in order to maintain the integrity
of the model in forecasting the behavior of the data. Table
3 contains a summary of the first twelve forecasts obtained
from the model.

Table 3 - Forecast of Future Values of
Aaa Rated Corporate Bonds

Lower Upper
Lead Forecast Bound Bound
1993
January 7.89976 7.54202 8.25749
February 7.90697 7.26927 8.54468
March 7.89921 7.08962 8.70879
April 7.89400 6.94048 8.84752
May 7.88836 6.81035 8.96637
June 7.88280 6.69319 9.07240
July 7.87722 6.58563 9.16880
August 7.87164 6.48556 9.25772
September 7.86606 6.39153 9.34060
October 7.86049 6.30251 9.41846
November 7.85491 6.21774 9.49208
December 7.84933 6.13663 9.56204
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Brief Presentation of
Additional Types of Corporate
Bonds

The following sections contain a brief presentation of
the results for all five types of investments presented in
Appendix II. The data will be presented in the same order as
in the detailed description of the method in the previous
sections to aid in the identification of equations used for
each of the calculations involved. It is assumed at this
point that a simple presentation of the data with a limited
amount of explanation will be adequate for the reader to
understand the outcome.

The results for each of the five investment ratings will
be presented in tabular form along side each other to aid in
the comparison between them. The charts will be presented in

the following form:

I. Identification......ceeieeeeeeecens ceeccncnnnn ceeee.. 29
A. Autocorrelation coefficients .......eveeceocsces 29
B. First through fourth differences........ceeee.. 30

C. Autocorrelation coefficients first differences. 40
II. Estimation of ParameterS. . u.ceeeeeeececcasascoceases 41
III. Diagnostic Checking..... ceeeseacse ceaaas ceenens cesees 46

IV. Forecasting of Future ValuesS.......eceeeeeecencnsnnn 47



Autocorrelation Coefficients

Average
Lag Corporate Aaa Aa A Baa
1 0.927 0.920 0.919 0.927 0.924
2 0.829 0.811 0.810 0.829 0.824
3 0.735 0.705 0.710 0.736 0.734
4 0.645 0.613 0.617 0.645 0.650
5 0.565 0.536 0.537 0.563 0.571
6 0.504 0.471 0.482 0.508 0.515
7 0.466 0.430 0.452 0.477 0.487
8 0.425 0.392 0.418 0.441 0.460
9 0.373 0.348 0.371 0.395 0.419
10 0.330 0.320 0.335 0.354 0.372
11 0.282 0.282 0.287 0.305 0.322
12 0.222 0.235 0.227 0.242 0.255
13 0.164 0.182 0.171 0.182 0.187
14 0.118 0.133 0.127 0.137 0.141
15 0.083 0.099 0.092 0.102 0.110
16 0.056 0.073 0.066 0.076 0.088
17 0.036 0.054 0.049 0.059 0.072
18 0.026 0.042 0.038 0.050 0.065

29



Difference Values for the
Average of all Corporations

Avg First Second Third Fourth
Corp Difference Difference Difference Difference
9.04
9.03 (0.010000)
8.99 (0.040000) (0.050000)
9.35 0.360001 0.320001 0.310000
9.82 0.469999 0.830000 0.790000 0.780000
9.87 0.050000 0.520000 0.880000 0.840000
9.92 0.050000 0.100000 0.570000 0.930000
10.14 0.220000 0.270000 0.320001 0.790000
10.64 0.500000 0.720000 0.770000 0.820001
10.97 0.330000 0.830000 1.050000 1.100000
10.54 (0.430000) (0.100000) 0.400000 0.620000
10.59 0.050000 (0.380000) (0.050000) 0.450000
10.37 (0.220000) (0.170000) (0.600000) (0.270000)
9.89 (0.480000) (0.700000) (0.650000) (1.080000)
9.86 (0.030001) (0.510000) (0.730000) (0.680000)
10.15 0.290000 0.259999 (0.220000) (0.440001)
10.37 0.220000 0.510000 0.480000 0.000000
10.36 (0.010000) 0.210000 0.500000 0.469999
10.47 0.110001 0.100000 0.320001 0.610001
10.58 0.110000 0.220000 0.210000 0.430000
10.28 (0.300000) (0.190001) (0.080000) (0.090000)
9.90 (0.380000) (0.680000) (0.570001) (0.460000)
9.91 0.010000 (0.370000) (0.670000) (0.560000)
10.03 0.120000 0.130000 (0.250000) (0.550000)
10.05 0.020000 0.140000 0.150001 (0.230000)
10.05 0.000000 0.020000 0.140000 0.150001
10.18 0.130000 0.130000 0.150001 0.270000
10.14 (0.040000) 0.090000 0.080000 0.110001
9.95 (0.190001) (0.230000) (0.100000) (0.100000)
9.50 (0.450000) (0.640000) (0.680000) (0.550000)
9.34 (0.160000) (0.610000) (0.800000) (0.840000)
9.36 0.020000 (0.140000) (0.590000) (0.780001)
9.41 0.050000 0.070000 (0.090000) (0.540000)
9.34 (0.070000) (0.020000) 0.000000 (0.160000)
9.32 (0.020000) (0.090000) (0.040000) (0.020000)
9.30 (0.020000) (0.040000) (0.110000) (0.059999)
9.43 0.130000 0.110001 0.090000 0.020000
9.64 0.210000 0.340000 0.320001 0.300000
9.73 0.089999 0.299999 0.429999 0.410000
9.82 0.090000 0.179999 0.389999 0.520000
9.87 0.050000 0.140000 0.230000 0.440000
9.67 (0.200000) (0.150000) (0.059999) 0.030000
9.65 (0.020000) (0.220000) (0.170000) (0.080000)



Avg

Corp Difference

9.84
10.02
10.03

9.85

9.63

9.62

9.36

9.43

9.33

9.32

9.45

9.42

9.16

9.03

8.99

8.93

8.75

8.64

8.75

8.81

8.77

8.71

8.63

8.44

8.29

8.26

8.41

8.51

8.35

First

0.190001
0.180000
0.009999
(0.179999)
(0.220000)
(0.010000)
(0.260000)
0.070001
(0.100000)
(0.010000)
0.130000
(0.030000)
(0.260000)
(0.130000)
(0.040000)
(0.059999)
(0.180000)
(0.110000)
0.110000
0.060000
(0.040000)
(0.060000)
(0.080000)
(0.190001)
(0.150000)
(0.030000)
0.150000
0.100000
(0.160000)

(0.059999)

Difference Values for the
Average of all Corporations

(Continued)
Second Third
Difference Difference
0.170000 (0.030000)
0.370001 0.350000
0.190000 0.380000
(0.170000) 0.010000
(0.400000) (0.390000)
(0.230000) (0.410000)
(0.270000) (0.490001)
(0.190000) (0.200000)
(0.030000) (0.290000)
(0.110001) (0.040000)
0.120000 0.020000
0.100000 0.090000
(0.290000) (0.160000)
(0.390000) (0.420000)
(0.170000) (0.430000)
(0.099999)  (0.230000)
(0.240000) (0.280000)
(0.290000)  (0.349999)
0.000000 (0.180000)
0.170000 0.060000
0.020000 0.130000
(0.100000) (0.040000)
(0.140000) (0.180000)
(0.270000) (0.330001)
(0.340000) (0.420000)
(0.179999)  (0.370000)
0.120000 (0.030000)
0.250000 0.220000

0.090000

Fourth
Difference

0.020000
0.150001
0.360000
0.200001

(0.210000)
(0.400001)
(0.670000)
(0.420000)
(0.300000)
(0.300000)

0.090000

(0.010000)
(0.170000)
(0.290000)
(0.460000)
(0.490000)
(0.410000)
(0.389999)
(0.240000)
(0.120000)

0.020000
0.070000

(0.120000)
(0.370001)
(0.480000)
(0.450000)
(0.220000)

0.070001
0.060000
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Aaa

8.36
8.38
8.36
8.85
9.33
9.32
9.42
9.67
10.18
10.52
10.01
10.11
9.88
9.40
9.39
9.67
9.90
9.86
9.96
10.11
9.82
9.51
9.45
9.57
9.62
9.64
9.80
9.79
9.57
9.10
8.93
8.96
9.01
8.92
8.89
8.86
8.99
9.22
9.37
9.46
9.47
9.26
9.24

First

0.020000
(0.020000)
0.490001
0.480000
(0.010000)
0.100000
0.250000
0.510000
0.340000
(0.510000)
0.099999
(0.230000)
(0.480000)
(0.009999)
0.280000
0.230000
(0.040000)
0.100000
0.150000
(0.290000)
(0.309999)
(0.060000)
0.120000
0.050000
0.020000
0.160000
(0.010000)
(0.220000)
(0.469999)
(0.170000)
0.030000
0.050000
(0.090000)
(0.030000)
(0.030001)
0.130000
0.230000
0.150000
0.090000
0.010000
(0.210000)
(0.020000)

Difference

Difference Values for Aaa

Corporations
Second Third Fourth
Difference Difference Difference
0.00000
0.470000 0.490001
0.970000 0.950000 0.970000
0.469999 0.960000 0.940000
0.090000 0.570000 1.060000
0.350000 0.340000 0.820000
0.760000 0.860001 0.850000
0.850000 1.100000 1.200001
(0.170000) 0.340000 0.590000
(0.410001) (0.070001) 0.440000
(0.130000) (0.640000) (0.300000)
(0.710000) (0.610001) (1.120001)
(0.490000) (0.719999) (0.620000)
0.270000 (0.210000) (0.440000)
0.509999 0.500000 0.020000
0.190000 0.469999 0.460000
0.060000 0.290000 0.570000
0.250000 0.210000 0.440000
(0.140000) (0.040000) (0.080000)
(0.599999)  (0.450000) (0.349999)
(0.370000) (0.660000) (0.510000)
0.059999 (0.250000) (0.540000)
0.170000 0.110000 (0.200000)
0.070001 0.190001 0.130000
0.180000 0.230000 0.350000
0.150000 0.170000 0.220000
(0.230000) (0.070001) (0.050000)
(0.690000) (0.700000) (0.540000)
(0.639999) (0.860000) (0.870000)
(0.140000) (0.610000) (0.830000)
0.080000 (0.090000) (0.559999)
(0.040000) (0.010000) (0.180000)
(0.120000) (0.070000) (0.040000)
(0.060000) (0.150001) (0.100000)
0.099999 0.070000 (0.020000)
0.360001 0.330000 0.300000
0.380000 0.510000 0.480000
0.240000 0.470000 0.600000
0.100000 0.250000 0.480000
(0.200000) (0.110000) 0.040000
(0.230000) (0.220000) (0.130000)
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First
Aaa Difference
9.41 0.170000
9.56 0.150001
9.53 (0.030001)
9.30 (0.230000)
9.05 (0.250000)
9.04 (0.010000)
8.83 (0.210000)
8.93 0.100000
8.86 (0.070001)
8.86 0.000000
8.01 0.150001
9.00 (0.010000)
8.75 (0.250000)
8.61 (0.140000)
8.55 (0.059999)
8.48 (0.070001)
8.31 (0.169999)
8.20 (0.110001)
8.29 0.090000
8.35 0.060000
8.33 (0.020000)
8.28 (0.050000)
8.22 (0.059999)
8.07 (0.150001)
7.95 (0.120000)
7.92 (0.030000)
7.99 0.070000
8.10 0.110001
7.98 (0.120000)

Difference Values for Aaa

Corporations
(Continued)

Second Third Fourth
Difference Difference Difference
0.150000 (0.060000) (0.050000)
0.320001 0.300000 0.090000
0.120000 0.290000 0.270000
(0.260000) (0.110000) 0.060000
(0.480000) (0.510000) (0.360000)
(0.260000) (0.490000) (0.520000)
(0.220000) (0.470000) (0.700000)
(0.110000) (0.120000) (0.370000)
0.030000 (0.180000) (0.190001)
(0.070001) 0.030000 (0.180000)
0.150001 0.080000 0.180000
0.140000 0.140000 0.070000
(0.260000) (0.110000) (0.110000)
(0.390000) (0.400001) (0.250000)
(0.200000) (0.450000) (0.460000)
(0.130000) (0.270000) (0.520000)
(0.240000) (0.299999) (0.440000)
(0.280000) (0.350000) (0.410000)
(0.020000) (0.190000) (0.260000)
0.150001 0.040000 (0.129999)
0.040000 0.130000 0.020000
(0.070001) (0.010000) 0.080000
(0.110000) (0.130000) (0.070000)
(0.210000) (0.260000) (0.280001)
(0.270000) (0.330000) (0.380000)
(0.150000) (0.300000) (0.360000)
0.040000 (0.080000) (0.230000)
0.180000 0.150001 0.030001
(0.010000) 0.060000 0.030000
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Aa

8.86
8.88
8.84
9.15
9.59
9.65
9.64
9.86
10.35
10.74
10.27
10.33
10.09
9.60
9.59
9.86
10.10
10.13
10.26
10.37
10.06
9.71
9.72
9.81
9.81
9.83
9.98
9.94
9.75
9.29
9.14
9.14
9.23
9.19
9.14
9.11
9.27
9.44
9.51
9.64
9.70
9.49

First

0.020000
(0.040000)
0.309999
0.440001
0.059999
(0.009999)
0.219999
0.490001
0.389999
(0.469999)
0.059999
(0.240000)
(0.490000)
(0.010000)
0.270000
0.240001
0.030000
0.130000
0.110000
(0.309999)
(0.350000)
0.010000
0.090000
0.000000
0.020000
0.150000
(0.040000)
(0.190000)
(0.460000)
(0.150000)
0.000000
0.089999
(0.040000)
(0.049999)
(0.030001)
0.160001
0.169999
0.070001
0.130000
0.059999
(0.210000)

Difference

Difference Values for Aa

Corporations
Second Third Fourth
Difference Difference Difference
(0.020000)
0.270000 0.290000
0.750000 0.710000 0.730000
0.500000 0.809999 0.770000
0.050000 0.490001 0.800000
0.210000 0.270000 0.710000
0.710000 0.700001 0.760000
0.880000 1.099999 1.090000
(0.080000) 0.410001 0.630000
(0.410000) (0.020000) 0.470000
(0.180000) (0.650000) (0.260000)
(0.730000) (0.670000) (1.139999)
(0.500000) (0.740000) (0.680000)
0.259999 (0.230000) (0.470000)
0.510000 0.500000 0.010000
0.270000 0.540000 0.530000
0.160000 0.400001 0.670000
0.240000 0.270000 0.510000
(0.200000) (0.070000) (0.040000)
(0.660000) (0.550000) (0.420000)
(0.340000) (0.650000) (0.540000)
0.100000 (0.250000) (0.559999)
0.090000 0.100000 (0.250000)
0.020000 0.110000 0.120000
0.169999 0.169999 0.259999
0.110000 0.129999 0.129999
(0.230000) (0.080000) (0.060000)
(0.650000) (0.690000) (0.540000)
(0.610000) (0.799999) (0.839999)
(0.150000) (0.610000) (0.799999)
0.089999 (0.060000) (0.520000)
0.049999 0.049999 (0.100000)
(0.089999) 0.000000 0.000000
(0.080000) (0.120000) (0.030001)
0.130000 0.080001 0.040001
0.330000 0.299999 0.250000
0.240000 0.400001 0.370000
0.200001 0.370000 0.530001
0.190000 0.260000 0.429999
(0.150001) (0.020000) 0.050000
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Aa

9.47
9.63
S.77
9.77
9.59
9.39
9.37
9.16
9.21
9.12
9.15
9.28
9.25
8.99
8.86
8.83
8.78
8.61
8.51
8.67
8.73
8.69
8.63
8.56
8.37
8.21
8.17
8.32
8.40
8.24

First

(0.020000)
0.160000
0.140000
0.000000

(0.180000)

(0.200000)

(0.020000)

(0.210000)
0.050000

(0.090000)
0.030000
0.130000

(0.030000)

(0.260000)

(0.130000)

(0.030000)

(0.050000)

(0.170000)

(0.099999)
0.160000
0.059999

(0.040000)

(0.059999)

(0.070000)

(0.190001)

(0.160000)

(0.040000)
0.150000
0.080000

(0.160000)

Difference

Corporations
(Continued)
Second Third
Difference Difference
(0.230000) (0.170000)
0.140000 (0.070000)
0.300000 0.280001
0.140000 0.300000
(0.180000) (0.040000)
(0.380000) (0.380000)
(0.220000) (0.400001)
(0.230000) (0.430000)
(0.160000) (0.180000)
(0.040000) (0.250000)
(0.060000) (0.010000)
0.160000 0.070000
0.100000 0.130000
(0.290000) (0.160000)
(0.390000) (0.420000)
(0.160000) (0.420000)
(0.080000) (0.210000)
(0.220000) (0.250000)
(0.270000) (0.320000)
0.060000 (0.110000)
0.219999 0.120000
0.020000 0.179999
(0.099999) (0.040000)
(0.129999) (0.169999)
(0.260000) (0.320000)
(0.350000) (0.420000)
(0.200000) (0.390000)
0.110000 (0.050000)
0.230000 0.190000
(0.080000) 0.070000

Difference Values for Aa

Fourth

Difference

(0.040000)
(0.010000)
0.070001
0.280001
0.120000
(0.240000)
(0.400001)
(0.610001)
(0.380000)
(0.270000)
(0.220000)
0.120000
0.040000
(0.130000)
(0.290000)
(0.450000)
(0.470000)
(0.380000)
(0.349999)
(0.160000)
(0.050000)
0.080000
0.120000
(0.110000)
(0.360000)
(0.480000)
(0.460000)
(0.240001)
0.030000
0.030000
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First
A Difference
9.23
9.20 (0.030000)
9.13 (0.070000)
9.36 0.230000
9.83 0.470000
9.98 0.150000
10.00 0.020000
10.20 0.200000
10.72 0.520000
10.98 0.259999
10.63 (0.349999)
10.62 (0.010000)
10.43 (0.190000)
9.94 (0.490001)
9.89 (0.049999)
10.17 0.280000
10.41 0.240000
10.42 0.010000
10.55 0.130000
10.63 0.080000
10.34 (0.290000)
9.99 (0.350000)
9.99 0.000000
10.11 0.120000
10.10 (0.009999)
10.13 0.030000
10.26 0.130000
10.20 (0.060000)
10.00 (0.200000)
9.59 (0.410000)
9.42 (0.170000)
9.45 0.030000
9.51 0.060000
9.44 (0.070001)
9.42 (0.020000)
9.39 (0.030000)
9.54 ¢.150000
9.75 0.210000
9.82 0.070000
9.89 0.070001
9.89%9 0.000000
9.70 (0.190001)
9.69 (0.010000)

Difference Values for A

Corporations
Second Third Fourth
Difference Difference Difference
(0.099999)
0.160000 0.130000
0.700000 0.630000 0.600000
0.620000 0.849999 0.780000
0.170000 0.640000 0.870000
0.220000 0.370000 0.840000
0.720000 0.740001 0.890000
0.780000 0.980000 1.000000
(0.090000) 0.430000 0.630000
(0.360000) (0.100000) 0.420000
(0.200000) (0.549999) (0.290000)
(0.680000) (0.690001) (1.040000)
(0.540000) (0.730000) (0.740000)
0.230000 (0.260000) (0.450000)
0.520000 0.470000 (0.020000)
0.250000 0.530000 0.480000
0.140000 0.380000 0.660000
0.210000 0.220000 0.460000
(0.210000) (0.080000) (0.070000)
(0.640000) (0.560000) (0.430000)
(0.350000) (0.640000) (0.560000)
0.120000 (0.230000) (0.520000)
0.110001 0.110001 (0.240000)
0.020000 0.140000 0.140000
0.160000 0.150001 0.270000
0.070000 0.099999 0.090000
(0.260000) (0.130000) (0.100000)
(0.610000) (0.670000) (0.540000)
(0.580000) (0.780000) (0.840000)
(0.140000) (0.550000) (0.750000)
0.090000 (0.080000) (0.490000)
(0.010000) 0.020000 (0.150001)
(0.090000) (0.030000) 0.000000
(0.049999)  (0.120000) (0.059999)
0.120000 0.100000 0.030000
0.360000 0.330000 0.310000
0.280000 0.429999 0.400000
0.140000 0.350000 0.500000
0.070001 0.140000 0.350000
(0.190001) (0.120000) (0.050000)
(0.200001) (0.200001) (0.130000)
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Corporations
(Continued)

First Second Third Fourth

A Difference Difference Difference Difference
9.8¢ 0.200001 0.190001 0.000000 0.000000
10.09 0.200000 0.400001 0.390000 0.200000
10.06 (0.030000) 0.170000 0.370001 0.360001
9.88 (0.180000) (0.210000) (0.010000) 0.190001
9.64 (0.240000) (0.420000) (0.450000) (0.250000)
9.61 (0.030001) (0.270000) (0.450001) (0.480000)
9.38 (0.230000) (0.260000) (0.500000) (0.680000)
9.50 0.120000 (0.110000) (0.140000) (0.380000)
9.39 (0.110000) 0.010000 (0.219999) (0.250000)
9.41 0.020000 (0.090000) 0.030000 (0.200000)
9.55 0.140000 0.160000 0.050000 0.170000
9.51 (0.040000) 0.100000 0.120000 0.010000
9.26 (0.250000) (0.290000) (0.150000) (0.130000)
9.11 (0.150001) (0.400001) (0.440001) (0.300000)
9.08 (0.030000) (0.180000) (0.430000) (0.470000)
9.01 (0.070000) (0.099999)  (0.250000) (0.500000)
8.82 (0.190001) (0.260000) (0.290000) (0.440001)
8.72 (0.099999) (0.290000) (0.360000) (0.389999)
8.83 0.110000 0.010000 (0.180000) (0.250000)
8.89 0.060000 0.170000 0.070001 (0.120000)
8.87 (0.020000) 0.040000 0.150000 0.050000
8.81 (0.059999) (0.080000) (0.020000) 0.090000
8.70 (0.110001) (0.170000) (0.190001) (0.130000)
8.49 (0.210000) (0.320001) (0.380000) (0.400001)
8.34 (0.150000) (0.360000) (0.470000) (0.530000)
8.31 (0.030000) (0.179999)  (0.389999) (0.500000)
8.49 0.179999 0.150000 0.000000 (0.210000)
8.58 0.090000 0.270000 0.240000 0.090000
8.37 (0.210000) (0.120000) 0.059999 0.030000

Difference Values for A
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Difference Values for Baa

Corporations
First Second Third Fourth

Baa Difference Difference Difference Difference
9.72

9.20 (0.520000)

9.13 (0.070000) (0.590000)

9.36 0.230000 0.160000 (0.360001)

9.83 0.470000 0.700000 0.630000 0.110000
9.98 0.150000 0.620000 0.849999 0.780000
10.00 0.020000 0.170000 0.640000 0.870000
10.20 0.200000 0.220000 0.370000 0.840000
10.72 0.520000 0.720000 0.740001 0.890000
10.98 0.259999 0.780000 0.980000 1.000000
10.63 (0.349999) (0.090000) 0.430000 0.630000
10.62 (0.010000) (0.360000) (0.100000) 0.420000
10.43 (0.190000) (0.200000) (0.549999) (0.290000)
9.94 (0.490001) (0.680000) (0.690001) (1.040000)
9.89 (0.049999) (0.540000) (0.730000) (0.740000)
10.17 0.280000 0.230000 (0.260000) (0.450000)
10.41 0.240000 0.520000 0.470000 (0.020000)
10.42 0.010000 0.250000 0.530000 0.480000
10.55 0.130000 0.140000 0.380000 0.660000
10.63 0.080000 0.210000 0.220000 0.460000
10.34 (0.290000) (0.210000) (0.080000) (0.070000)
9.99 (0.350000) (0.640000) (0.560000) (0.430000)
9.99 0.000000 (0.350000) (0.640000) (0.560000)
10.11 0.120000 0.120000 (0.230000) (0.520000)
10.10 (0.009999) 0.110001 0.110001 (0.240000)
10.13 0.030000 0.020000 0.140000 0.140000
10.26 0.130000 0.160000 0.150001 0.270000
10.20 (0.060000) 0.070000 0.099999 0.080000
10.00 (0.200000) (0.260000) (0.130000) (0.100000)
9.59 (0.410000) (0.610000) (0.670000) (0.540000)
9.42 (0.170000) (0.580000) (0.780000) (0.840000)
9.45 0.030000 (0.140000) (0.550000) (0.750000)
9.51 0.060000 0.090000 (0.080000) (0.490000)
9.44 (0.070001) (0.010000) 0.020000 (0.150001)
9.42 (0.020000) (0.090000) (0.030000) 0.000000
9.39 (0.030000) (0.049999) (0.120000) (0.059999)
9.54 0.150000 0.120000 0.100000 0.030000
9.75 0.210000 0.360000 0.330000 0.310000
9.82 0.070000 0.280000 0.429999 0.400000
9.89 0.070001 0.140000 0.350000 0.500000
9.89 0.000000 0.070001 0.140000 0.350000
9.70 (0.190001) (0.190001) (0.120000) (0.050000)
9.69 (0.010000) (0.200001) (0.200001) (0.130000)
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Difference Values for Baa

Corporations
(Continued)

First Second Third Fourth

Baa Difference Difference Difference Difference
9.89 0.200001 0.190001 0.000000 0.000000
10.09 0.200000 0.400001 0.390000 0.200000
10.06 (0.030000) 0.170000 0.370001 0.360001
9.88 (0.180000) (0.210000) (0.010000) 0.190001
9.64 (0.240000) (0.420000) (0.450000) (0.250000)
9.61 (0.030001) (0.270000) (0.450001) (0.480000)
9.38 (0.230000) (0.260000) (0.500000) (0.680000)
9.50 0.120000 (0.110000) (0.140000) (0.380000)
9.39 (0.110000) 0.010000 (0.219999) (0.250000)
9.41 0.020000 (0.090000) 0.030000 (0.200000)
9.55 0.140000 0.160000 0.050000 0.170000
9.51 (0.040000) 0.100000 0.120000 0.010000
9.26 (0.250000) (0.290000) (0.150000) (0.130000)
9.11 (0.150001) (0.400001) (0.440001) (0.300000)
9.08 (0.030000) (0.180000) (0.430000) (0.470000)
9.01 (0.070000) (0.099999)  (0.250000) (0.500000)
8.82 (0.190001) (0.260000) (0.290000) (0.440001)
8.72 (0.099999) (0.290000) (0.360000) (0.389999)
8.83 0.110000 0.010000 (0.180000) (0.250000)
8.89 0D.060000 0.170000 0.070001 (0.120000)
8.87 (0.020000) 0.040000 0.150000 0.050000
8.81 (0.059999) (0.080000) (0.020000) 0.090000
8.70 (0.110001) (0.170000) (0.190001) (0.130000)
8.49 (0.210000) (0.320001) (0.380000) (0.400001)
8.34 (0.150000) (0.360000) (0.470000) (0.530000)
8.31 (0.030000) (0.179999) (0.389999) (0.500000)
8.49 0.179999 0.150000 0.000000 (0.210000)
8.58 0.090000 0.270000 0.240000 0.090000
8.37 (0.210000) (0.120000) 0.059999 0.030000
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Autocorrelation Coefficients

for First Difference

Average
Lag Corporate AAA AA A Baa
1 0.360 0.344 0.338 0.400 0.373
2 -0.110 -0.089 -0.122 -0.121 -0.153
3 -0.047 -0.036 -0.075 ~0.083 -0.164
4 -0.013 -0.024 -0.042 -0.037 -0.065
5 -0.135 -0.077 -0.155 -0.209 -0.197
6 -0.172 -0.172 -0.178 -0.177 -0.201
7 0.106 0.063 0.116 0.136 0.024
8 0.246 0.205 0.245 0.217 0.144
9 ~-0.034 -0.073 -0.020 -0.015 0.044
10 ~0.047 -0.057 -0.018 ~0.001 -0.005
11 0.077 0.085 0.066 0.103 0.122
12 -0.026 0.048 -0.057 -0.034 0.053
13 0.146 -0.111 -0.138 -0.160 -0.139
14 -0.103 -0.120 -0.073 -0.093 -0.138
15 -0.022 0.003 -0.020 -0.047 -0.090
16 0.013 0.044 0.008 -0.010 -0.015
17 0.014 0.016 0.056 0.039 0.008
18 0.047 0.041 0.073 0.097 0.069



Iteration

WONOAUOWNEO

Estimation of Parameters

SSE

3.28140
2.29191
2.21601
2.14466
2.07881
2.03396
2.02884
2.02851
2.02846
2.02845
2.02845
2.02845
2.02845

Average

AR
Parameter

0.100
0.250
0.129
0.013

(0.092)

(0.158)

(0.066)

(0.090)

(0.080)

(0.084)

(0.083)

(0.083)

(0.083)

Final Estimates of Parameters

Type

AR 1
Ma 1
Constant.

Residuals

Ss
Ms
DF

6

Estimate S

(0.08300)
(0.60230)
(0.01128) (

2.02747
0.02982
8

Corporate

MA
Parameter

0.100

(0.047)
(0.197)
(0.347)
(0.497)
(0.647)
(0.585)
(0.609)
(0.600)
(0.600)
(0.603)
(0.602)
(0.602)

t. Dev. t-ratio
0.222
0.177
0.033)

(0.370)
(3.400)
(0.340)

Constant

0.081
0.023
0.020
0.016
0.010
(0.005)
(0.011)
(0.011)
(0.011)
(0.011)
(0.011)
(0.011)
(0.011)
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Iteration

WO dWNEO

Estimation of Parameters

Aaa
AR MA
SSE Parameter Parameter Constant
3.49817 0.100 0.100 0.085
2.50164 0.248 (0.048) 0.024
2.43197 0.124 (0.198) 0.021
2.36801 0.006 (0.348) 0.016
2.30970 (0.104) (0.498) 0.009
2.27006 (0.197) (0.648) (0.002)
2.26799 (0.172) (0.646) (0.006)
2.26799 (0.172) (0.646) (0.007)
2.26799 (0.171) (0.646) (0.007)
2.26799 (0.171) (0.646) (0.007)

Final Estimates of Parameters

Type

AR 1
Ma 1

Constant

Residuals:

SS
MS
DF

2
0
68

Estimate

(0.17130)
(0.64710)

(0.00563)

.26438
.0333

0.036

St. Dev. t-ratio

0.224 (0.770)
0.173 (3.740)
(0.180)
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Estimation of Parameters

Aa
AR MA

Iteration SSE Parameter Parameter Constant
0 3.25758 0.100 0.100 0.820
1 2.29765 0.243 (0.045) 0.210
2 2.23042 0.118 (0.195) 0.018
3 2.16914 (0.002) (0.345) 0.014
4 2.11541 (0.110) (0.495) 0.007
5 2.08824 (0.157) (0.624) (0.009)
6 2.08522 (0.088) (0.561) (0.010)
7 2.08511 (0.104) (0.575) (0.010)
8 2.08511 (0.099) (0.571) (0.010)
9 2.08510 (0.101) (0.572) (0.010)
10 2.08510 (0.100) (0.572) (0.010)
11 2.08510 (0.100) (0.572) (0.010)

Final Estimates of Parameters

Type Estimate St. Dev. t-ratio

AR 1 (0.10030) 0.242 (0.410)

Ma 1 (0.57220) 0.199 (2.880)

Constant (0.01005) 0.033 (0.310)

Residuals:
S8 = 2.08349
MS = 0.3064
DF = 68



Estimation of Parameters

AR
Iteration SSE Parameter
0 3.13718 0.100
1 2.13671 0.250
2 2.04676 0.134
3 1.95960 0.025
4 1.87488 (0.070)
5 1.79714 (0.102)
6 1.78081 0.048
7 1.77990 0.001
8 1.77936 0.035
9 1.77921 0.014
10 1.77914 0.027
11 1.77912 0.019
12 1.77911 0.024
13 1.77911 0.021
14 1.77911 0.023
15 1.77910 0.022
16 1.77910 0.022

Final Estimates of Parameters

Type Estimate
AR 1 0.02200
Ma 1 (0.58790)
Constant (0.01331) 0.030

Residuals:
SS = 1.77892
MS = 0.02616
DF = 68

St. Dev.

0.204
0.164

MA
Parameter Constant
0.100 0.079
(0.046) 0.027
(0.196) 0.026
(0.346) 0.023
(0.496) 0.017
(0.646) (0.001)
(0.557) (0.011)
(0.609) (0.013)
(0.576) (0.013)
(0.596) (0.013)
(0.583) (0.013)
(0.591) (0.013)
(0.586) (0.013)
(0.589) (0.013)
(0.587) (0.013)
(0.588) (0.013)
(0.588) (0.013)
t-ratio
0.110
(3.590)
(0.440)
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Pan

Estimation of Parameters

Baa
AR MA
Iteration SSE Parameter Parameter
0 3.39143 0.100 0.100
1 2.36231 0.231 (0.032)
2 2.27789 0.113 (0.182)
3 2.19475 0.002 (0.332)
4 2.10861 (0.089) (0.482)
5 2.00803 (0.073) (0.632)
6 1.99176 0.069 (0.544)
7 1.99090 0.057 (0.568)
8 1.99081 0.068 (0.560)
9 1.99080 0.067 (0.562)
10 1.99080 0.067 (0.562)
Final Estimates of Parameters
Type Estimate St. Dev.
AR 1 0.06730 0.198 0.340
Ma 1 (0.56180) 0.163 (3.450)
Constant (0.02348) 0.031 (0.760)
Residuals:
SS = 1.91342
MS = 0.02814
DF = 68

t-ratio

Constant

0.073
0.011
0.088
0.005

(0.001)

(0.019)

(0.022)

(0.024)

(0.023)

(0.023)

(0.023)
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Diagnostic Checking

Average Corporate

Degrees of

Lagq Freedom p-value
12 10 0.381309
24 22 0.849042
36 34 0.967114
48 46 0.879002

Aaa
Degrees of

Lag Freedom p-value
12 10 0.503844
24 22 0.918268
36 34 0.982271
48 46 0.943293

Aa
Degrees of

Lag Freedom p-value
12 10 0.423074
24 22 0.918268
36 34 0.980642
48 46 0.933644
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Diagnostic Checking

Degrees of
Lag Freedom p-value
12 10 0.229260
24 22 0.583036
36 34 0.924807
48 46 0.809709
Baa
Degrees of
Lag Freedom p-value
12 10 0.397721
24 22 0.711898
36 34 0.942602
48 46 0.849431

At this point it can be concluded from the large p-

47

values that an ARIMA(1,1,1) model is appropriate for each of the

bond ratings.

comprised of the final estimates of the parameters indicated in

The models used from this point on will be

each of the individual estimation tables.



Forecast of Future Values

Average Corporation

Lower Upper

Lead Forecast Bound Bound
1993

January 8.25644 7.91794 8.59495
February 8.25293 7.63723 8.86863
March 8.24194 7.44899 9.03490
April 8.23158 7.29366 9.16950
May 8.22116 7.15791 9.28441
June 8.21075 7.03545 9.38604
July 8.20033 6.92278 9.47789
August 8.18992 6.81771 9.56213
Septemker 8.17951 6.71876 9.64025
October 8.16909 6.62488 9.71331
November 8.15868 6.53529 9.78207
December 8.14827 6.44938 9.84716

Aaa

Lower Upper
Lead Forecast Bound Bound

1993

January 7.89976 7.54202 8.25749
February 7.90697 7.26927 8.54468
March 7.89921 7.08962 8.70879
April 7.89400 6.94048 8.84752
May 7.88836 6.81035 8.96637
June 7.88280 6.69319 9.07240
July 7.87722 6.58563 9.16880
August 7.87164 6.48556 9.25772
September 7.86606 6.39153 9.34060
October 7.86049 6.30251 9.41846
November 7.85491 6.21774 9.49208
December 7.84933 6.13663 9.56204
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Forecast of Future Values

Aa

Lower Upper
Lead Forecast Bound Bound

1993

January 8.15993 7.81677 8.50308
February 8.15791 7.54729 8.76853
March 8.14806 7.36587 8.93025
April 9.13900 7.21575 9.06225
May 8.12986 7.08450 9.17522
June 8.12073 6.96608 9.27537
July 8.11159 6.85716 9.36603
August 8.10246 6.75560 9.44932
September 8.09333 6.66000 9.52666
October 8.08420 6.56932 9.59908
November 8.07506 6.48281 9.66732
December 8.06593 6.39989 9.73197

A

Lower Upper
Lead Forecast Bound Bound

1993

January 8.23898 7.92190 8.55606
February 8.22278 7.62185 8.82372
March 8.20912 7.41787 9.00360
April 8.19551 7.25152 9.13949
May 8.18190 7.10665 9.25714
June 8.16828 6.97615 9.36042
July 8.15467 6.85612 9.45323
August 8.14106 6.74418 9.53795
September 8.12745 6.63872 9.61619
October 8.11384 6.53861 9.68908
November 8.10023 6.44300 9.75746
December 8.08662 6.35127 9.82197
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Forecast of Future Values

Baa

Lower Upper
Lead Forecast Bound Bound

1993

January 8.22651 7.89766 8.55535
February 8.19336 7.56475 8.82196
March 8.16764 7.33261 9.00267
April 8.14242 7.14221 9.14264
May 8.11724 6.97546 9.25902
June 8.09206 6.82443 9.35969
July 8.06688 6.68481 9.44895
August 8.04170 6.55396 9.52944
September 8.01652 6.43014 9.60290
October 7.99134 6.31211 9.67057
November 7.96616 6.19894 9.73338
December 7.94098 6.08995 9.79200
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Appendix I

Key to Moody’s Corporate
Ratings’

Aaa

Bonds which are rated Aaa are judged to be of the best
quality. They carry the smallest degree of investment risk
and are generally referred to as "gilt edged." Interest
payments are protected by a large or by an exceptionally
stable margin and principal is secure. While the various
protective elements are likely to change, such changes ar can
be visualized are most unlikely to impair the fundamentally
strong position of such issues.

Aa

Bonds which are rated Aa are judged to be of high quality
by all standards. Together with the Aaa group they comprise
what are generally known as high grade bonds. They are rated
lower than the best bonds because margins of protection may
not be as large as in Aaa securities or fluctuation of
protective elements may be of greater amplitude or there may
be other elements present which make the long-term risk appear
somewhat larger than the Aaa securities.

A

Bonds which are rated A Possess many favorable investment
attributes and are to be considered as upper-medium-grade
obligations. Factors giving security to principal and
interest are considered adequate, but elements may be present
which suggest a susceptibility to impairment some time in the
future.

Baa

Bonds which are rated Baa are considered as medium-grade
obligations, (i.e., they are neither highly protected not
poorly secured). Interest payments and principal security
appear adequate for the present but certain protective
elements may be lacking or may be
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Key to Moody’s Corporate
Ratings
(Continued)

characteristically unreliable over any great length of time.
Such bonds lack outstanding investment characteristics and in
fact have speculative characteristics as well.

Ba

Bonds which are rated Ba are judged to have speculative
elements; their future cannot be considered as well-assured.
Often the protection of interest and principal payments may be
very moderate, and thereby not well safeguarded during both
good and bad times over the future. Uncertainty of position
characterizes bonds in this class.

B

Bonds which are rated B generally lack characteristics of
the desirable investment. Assurance of interest and principal
payments or of maintenance of other terms of the contract over
any long period of time may be small.

Caa
Bonds which are rated Caa are of poor standing. Such
issues may be in default or there may be present elements of
danger with respect to principal or interest.
Ca
Bonds which are rated Ca represent obligations which are

speculative in a high degree. Such issues are often in default
or have other marked shortcomings.
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Key to Moody’s Corporate
Ratings
(Continued)

C

Bonds which are rated C are the lowest rated class of
bonds, and issues so rated can be regarded as having extremely
poor prospects of ever attaining any real investment standing.

The above table is a complete quote of the key presented in
the most recent publication of Moody’s Bond Record.



Appendix II

Moody’s Corporate Bond Yield Averages

Average

Date Corporate Aaa Aa A Baa
1987

January 9.04 8.36 8.86 9.23 9.72
February 9.03 8.38 8.88 9.20 9.65
March 8.99 8.36 8.84 9.13 9.61
April 9.35 8.85 9.15 9.36 10.04
May 9.82 9.33 9.59 9.83 10.51
June 9.87 9.32 9.65 9.98 10.52
July 9.92 9.42 9.64 10.00 10.61
August 10.14 9.67 9.86 10.20 10.80
September 10.64 10.18 10.35 10.72 11.31
October 10.97 10.52 10.74 10.98 11.62
November 10.54 10.01 10.27 10.63 11.23
December 10.59 10.11 10.33 10.62 11.29
1988

January 10.37 9.88 10.09 10.43 11.07
February 9.89 9.40 9.60 9.94 10.62
March 9.86 9.39 9.59 9.89 10.57
April 10.15 9.67 9.86 10.17 10.90
May 11.37 9.90 10.10 10.41 11.04
June 10.36 9.86 10.13 10.42 11.00
July 10.47 9.96 10.26 10.55 11.11
August 10.58 10.11 10.37 10.63 11.21
September 10.28 9.82 10.06 10.34 10.90
October 9.90 9.51 9.71 9.99 10.41
November 9.91 9.45 9.72 9.99 10.48
December 10.03 9.57 9.81 10.11 10.65
1989

January 10.05 9.62 9.81 10.10 10.65
February 10.05 9.64 9.83 10.13 10.61
March 10.18 9.80 9.98 10.26 10.67
April 10.14 9.79 9.94 10.20 10.61
May 9.95 9.57 9.75 10.00 10.46
June 9.50 9.10 9.29 9.59 10.03
July 9.34 8.93 9.14 9.42 9.87
August 9.36 8.98 9.14 9.45 9.88
September 9.41 9.01 9.23 9.51 9.91
October 9.34 8.92 9.19 9.44 9.81
November 9.32 8.89 9.14 9.42 9.81
December 9.30 8.86 9.11 9.36 9.82
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Moody’s Corporate Bond Yield Averages

(Continued)
Average

Date Corporate Aaa Aa A Baa
1990

January 9.43 8.99 9.27 9.54 9.94
February 9.64 9.22 9.44 9.75 10.14
March 9.73 9.37 9.51 9.82 10.21
April 9.82 9.46 9.64 9.89 10.30
May 9.87 9.47 9.70 9.89 10.41
June 9.67 9.26 9.49 9.70 10.22
July 9.65 9.24 9.47 9.69 10.20
August 9.84 9.41 9.63 9.89 10.41
September 10.02 9.56 9.77 10.09 10.64
October 10.03 9.53 Q.77 10.06 10.74
November 9.85 9.30 9.59 9.88 10.62
December 9.63 9.05 9.39 9.64 10.43
1991

January 9.62 9.04 9.37 9.61 10.45
February 9.36 8.83 9.16 9.38 10.07
March 9.43 8.93 9.21 9.50 10.09
April 9.33 8.86 9.12 9.39 9.94
May 9.32 8.86 9.15 9.41 9.86
June 9.45 9.01 9.28 9.55 9.96
July 9.42 9.00 9.25 9.51 9.89
August 9.16 8.75 8.99 g.26 9.65
September 9.03 8.61 8.86 9.11 .51
October 8.99 8.55 8.83 9.08 9.49
November 8.93 8.48 8.78 9.01 9.45
December 8.75 8.31 8.61 8.82 9.26
1992

January 8.64 8.20 8.51 8.72 9.13
February 8.75 8.29 8.67 8.83 9.23
March 8.81 8.35 8.73 8.89 9.25
April 8.77 8.33 8.69 8.87 9.21
May 8.71 8.28 8.63 8.81 9.13
June 8.63 8.22 8.56 8.70 9.05
July 8.44 8.07 8.37 8.49 8.84
August 8.29 7.95 8.21 9.34 8.65
September 8.26 7.92 8.17 8.31 8.62
October 8.41 7.99 8.32 8.49 8.84
November 8.51 8.10 8.40 8.58 8.96
December 8.35 7.98 8.24 8.37 8.81
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Appendix III

*
Common Correlograms
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‘The above correlograms have been extracted from citation [18].
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