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1 Introduction

We have been asked to review estimation of yield curves summarised in the CEG reportE| by Dr. Tom
Hird (Hird, 2012). Specifically the questions we have been asked to address are:

= Are the methods that have been applied to estimate fair value curves reasonable and defensible?

= Is the equation given in paragraph lllE] of the report that has been used to estimate par value
yield curves appropriate and reasonable?

= Do regression diagnostics help to justify or otherwise support the use of the estimated equations
given in the report?

We have been able to broadly reproduce the results using another package, which gives confidence
in the findings given in the report. Some modifications to the results used in the report to accommo-
date outliers have given broadly the same results.

We raise two matters which need to be considered in interpreting the report.

= The length and representativeness of the sample period chosen.
= The weighting scheme used based on Macaulay durations.

Some comments on these issues are made in sections 3.1 and section 4, respectively.

2 Yield to Maturity Curves

The Nelson-Siegel formula (Nelson and Siegel,1987), in the notation used in the reporﬂ can be written

as
exp( t/bg)

t/bg

The interpretation is that bl,rank is the long-term component, which depends on the credit rating
of the bond, b, is the short-term component, bz is the medium term component, and bg is a parameter
which governs the speed of the decay of the short term and medium term components. The model is
non-linear because of the inclusion of the by parameter.

In the report, the parameters were estimated by minimising the sum of squares of the predicted
yield based on the equation above and the actual yield. This was accomplished using the Solver
facility in Excel, which is based on a generalised reduced gradient optimisation.

We have used the nls (non-linear least squares) function in R (R Core Team, 2012) to estimate the
parameters. Slightly different but essentially the same results were obtained.

Irrespective of whether Excel Solver was used or nls in R, both have the same objective function.
As noted by Fox (2008, p. 463)

Yield(t, rank) = b1,rank + (b + b3) ! bsexp( t/bg)

The general nonlinear model is given by the equation
Y; = f(b, XlT) + #
in which

= Y;j is the response-variable value for the ith of n observations;
= b is a vector of p parameters to be estimated from the data;

- xiT is a row vector of scores for observation i on the k explanatory variables (some of
which may be qualitative); and

1This is called the report in this document.

2This section of the report dealt with the estimation of the zero-coupon or spot curve.

3In the orginal paper, the equation was in fact R(m) = by + (by + bz)%(tt/t) b, exp( t/t) where R(m) is the

yield to maturity at maturity m



« #; is the error for the ith observation.

Under the assumption of independent and normally distributed errors, with zero means
and common variance, the general nonlinear model has likelihood

imalYi  f(b.xDP? >
2sf

1
L(b,s?) = 2ps#2eXp

1
?5#2 exp ngs(b)

where S(b) is the sum of squares function
n
s(by=[vi f(b,x))]
i=1
As for the general linear model, we therefore maximise the likelihood by minimising the
sum of squares errors S(b).

The above indicates that if the errors are Normally distributed then Least Squares corresponds to
Maximum Likelihood estimation. It is also true that if the errors are not Normally distributed the least
squares estimates are consistent, that is as the sample size increases the estimates get closer and closer
to the “true” values of the parameters.

There are some outliers in the data. To see if the results depend only on a few observations, the
analysis was repeated using a robust non-linear regression method in R, nlrob in the robustbase
package (Rousseeuw, Crowx, Todorov, Rusckstuhl, Salibian-Barrera, Verbeke, Koller, and Maechler,
2012), which uses robust M-estimates, using iteratively re-weighted least squares to estimate the fitted
model.

The name M-estimate derives from ‘MLE-like’ estimators (Venables and Ripley, 2008, p. 122). Con-
sider the case where only a mean m is to be estimated and it is known the standard deviation is 1.
Assume the density of the datais f and r = log f. The MLE solves

ming, logf(yj m)=min;, r(y; m)
| |
Lety = r!, the derivative withe respect to m. Then the MLE can be found by using the equations
y(yi m)y=0or wi(y; m)=0
| I
where R
W = yQi )
yi m
The estimate of m is solved iteratively, with the weights being undated at each iteration. The mean
corresponds to r(x) = x2. In this case y(x) = 2x. The idea of a robust M-estimator is to choose a
different function for y where outliers have less of an effect. A popular choice is metric Winsorizing
with s
< € x< ¢
y(x)= _ x jxj<c
T c X>c
shown in Figure 1. Here the effects of outliers are trimmed to c. The results depend on the choice of
c. By choosing ¢ = 1.345, it can be shown that the relative efficiency of the robust M-estimator relative
to least squares is 95% ]

The standard deviation is never known so a robust estimator is needed. The choice used in the
nlrob function is the MAD (Median Absolute Deviation) estimator given by the median of the abso-
lute values of the deviations from the mean, divided by 0.6475.

Extensions of the robust M-estimator methodology to multiple linear regression and non-linear
estimation follow a similar logic.

4The variance of the least squares estimator is 95% of the variance of the robust M-estimator if there were no outliers.
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Figure 1: y function for Robust regression (solid) and for Normal regression (dotted).



Date bo by b, bs

21/11/11 356 11.36 5.78 4.26
22/11/11 296 10.89 5.28 4.52
23/11/11 2.67 10.62 5.01 476
24/11/11 2.49 10.39 4.78 4.57
25/11/11 2.46 1041 4.86 4.69
28/11/11 2.62 10.47 5.03 4.04
29/11/11 290 10.73 5.24 3.86
30/711/11 3.10 10.78 5.30 3.66
01/12/711 3.45 11.06 5.57 3.44
02/12/11 3.77 11.26 5.72 3.47
05/12/11 3.81 11.27 5.70 3.53
06/12/11 331 11.14 5.59 4.30
07/12/711 259 10.90 5.19 5.52
08/712/11 256 10.90 5.23 5.67
09/12/11 2.47 10.66 5.02 5.47
12712711 251 10.90 5.23 5.54
13712711 243 10.71 5.09 5.48
14712711 245 10.80 5.14 5.86
15712711 259 10.66 5.06 5.54
16/12/11 2.67 10.76 5.18 5.51

Table 1: Estimated parameters of Nelson-Siegel model for Australian issued AUD bonds: nls fit.

3 Estimation

3.1 Australian issued AUD bonds

The Nelson-Siegel formula was fitted to the 15 Australian issued AUD bonds rated BBB+ only using
the nls function in R for each of the 20 days from 21/11/11 to 16/12/11, excluding weekends. The
estimated parameters for each day are given in Table

For each day, the set of residuals and fitted values from the model were computed. Figureshows
a normal probability plot of the average residual per bond over the 20 days, and Figure (3] shows a
plot of the average residual per bond over the 20 days versus the average predicted value per bond
over the 20 days. The normal probability plot is reasonably straight and there does not appear to be a
pattern in the residuals versus fitted values plot, indicating there is no evidence of problems with the
model.

A set of similar fits, but using robust non-linear regression, was performed using the nlrob func-
tion in R. The estimated parameters for each day are given in Table [2l Note that days 7, 8, 10 and 11
had to be removed in order to get the robust fits.

Figuregives a comparison of the estimated average yield at 10 years for both the non-linear least
squares fit and the robust non-linear fit. The estimated average yield at 10 years from the report is also
shown. The estimated average yield at 10 years given in the report differs slightly from the estimated
average yield based on the nls fit in R. There are two reasons for this:

1. There are differences in the way that the parameters are estimated in Excel and R. The effects of
these are relatively minor.

2. In the report, the estimated yield was based on the average estimated yield over the 20 days.
However, given the autocorrelated nature of the estimated yields shown in Figure |4, we esti-
mated the mean estimated yield by fitting an AR(1) model where

Ye=mM+ryy 1+ U



Date bo b, b, b3
21/11/11 6.206 12.444 6.898 2.671
22/11/11 4.705 11.618 6.091 3.054
23/11/11 4.053 11.199 5.703 3.302
24/11/11 4.058 10.967 5.497 2.767
25/11/711 4.268 11.137 5.729 2.777
28/11/11 5.817 11.347 6.007 1.004
29/11/711

30/11/11

01/12/11 7.955 12.270 6.838 0.041
02712711

05/12/11

06/12/11 6.841 12.556 7.061 2.239
07/12/11 3.664 11.449 5.880 4.272
08/12/11 3.705 11.499 5.977 4.336
09/12/11 3.380 11.102 5.606 4.232
12/712/11 3.799 11.529 6.041 3.966
13/712/11 3.773 11.360 5.930 3.810
14/12/11 3548 11.377 5.897 4.441
15/712/11 3.813 11.311 5.862 4.322
16/12/11 3.873 11.390 5.947 4.261

Table 2: Estimated parameters of Nelson-Siegel model for Australian issued AUD bonds: robust fit.

where
yt = Estimated Average yield at 10 years at Day t
yt 1 = Estimated Average yield at 10 yearsatDayt 1
m = Average yield at 10 years to be estimated
U = Independent random errors

The advantage of fitting the AR(1) model is that a slightly more efficient estimate of the Aver-
age yield is obtained, but also, and more importantly, a standard error for the estimate can be
obtained.

We have assumed that the process is stationary, and therefore that the sampled 20 days represent
typical behaviour of the bond yields. It is not possible to confirm this, although clear instabilities
would have been discernable. The results are dependent on the length and representativeness of the
sample period chosen.

We also investigated whether estimating the standard error based on the delta methooE]wouId give
similar results. However, we found that the day to day variation was much larger than the variation
based on the delta method and that the variation based on the delta method was relatively constant
for a particular maturity, and hence the modelling based on the AR(1) model was the best way to
estimate the average and obtain a standard error.

The robust estimate of the Average yield at 10 years is slightly less than both the non-robust esti-
mates.

A comparison of the estimated fair-value curve given in the report and that using nls in R and also
using the robust fit is given in Figure[5| The confidence intervals for the fitted curves for the estimated

5For each day, estimates of the parameters and associated variance-covariance matrix are given by nls and robust version.
The yield at 10 years is a non-linear function of the parameters, say g. The delta method approximates the variance of a
function of the parameters by V(g(b))  g'V(b) where b are the estimated parameters, g’ is derivative of g with respect to
b, and V(b) is the variance-covariance matrix of b.



average yields for each day at maturities from 0.1 to 15 years in steps of 0.1 were calculated by fitting
the AR(1) model to the daily estimates and determining the standard error of the average yield. The
confidence intervals are quite narrow.

Australian Issued AUD Bonds
rated BBB+ only

Figure 2: QQ Plot of average residuals for Australian issued AUD bonds labelled BBB+ only.
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Figure 3: Plot of average residuals versus average fitted values for Australian issued AUD bonds

labelled BBB+ only.
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rated BBB+ only
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Figure 4: Plot of daily estimated average yield at 10 years for Australian issued AUD bonds labelled

BBB+ only.

Figure 5: Yield to Maturity curves for Australian issued AUD bonds labelled BBB+ only with 95%

pointwise confidence intervals. The curves given in the report are shown in red.
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Date bo by b, bs

21/11/11 120 9.36 3.14 6.61
22/11/11 1.13 9.17 2.91 6.57
23/11/11 111 9.14 2.89 6.65
24/11/11 110 9.14 2.86 6.74
25/11/11 1.09 9.20 2.94 6.91
28/11/11 1.08 9.21 3.01 6.77
29/11/11 1.08 9.26 2.95 6.96
30/11/11 1.12 9.39 3.05 7.26
01/12/711 1.13 9.40 3.08 7.17
02/12/11 1.14 09.39 3.01 7.16
05/12/11 1.15 9.32 2.95 7.02
06/12/11 1.14 9.34 2.97 7.23
07/12/11 114 931 2.87 7.42
08/12/11 1.15 9.31 2.91 7.43
09/12/11 1.15 942 3.02 7.67
12/712/11 113 941 2.94 7.73
13/712/711 112 9.34 2.94 7.57
14/12/711 112 9.21 2.85 7.29
15/712/11 1.18 9.14 3.01 6.61
16/12/11 1.17 9.06 2.89 6.63

Table 3: Estimated parameters of Nelson-Siegel model for Australian issued bonds: nls fit.

3.2 Australian issued bonds rated BBB+ only

A similar process was adopted for the 42 Australian issued bonds rated BBB+ only. Tableand Table
give the parameter estimates for the nls and robust fits, respectively.

Figure@] gives the Normal probability plot of the average residuals, while Figuregives the plot
of the average residual versus the average fitted value. Both plots are affected by an outlier.

Removing the outlier, the re-estimated parameters are given in Tableand Table@

The Normal probability plot, shown in Figure[8} and the plot of average residuals versus average
fitted values, shown in Figure@], for the nls fit are much more satisfactory.

Figure [10| shows a comparison of the estimated average yield at 10 years while Figure [11| shows
a comparison of the estimated fair-value cureve in the report and that using nls in R and also using
the robust fit, both with and without the outlier. While there is only a minor difference between the
estimated average yield at 10 years given in the report and that computed from R, the values using
either robust regression or deleting the outlier are almost 20 basis points less. The pointwise 95%
confidence intervals for the average yield are quite narrow with a slight increase in width for higher
maturities.

12



Table 4: Estimated parameters of Nelson-Siegel model for Australian issued bonds: robust fit.

Date bo by bs bs

21/11/11 1.18 9.03 2.97 5.65
22/11/11 111 8382 2.73 5.55
23/11/11 1.08 8.77 2.70 5.57
24/11/11 1.06 8.76 2.65 5.65
25/11/11 1.05 8381 2.72 5.85
28/11/11 1.04 881 2.79 5.69
29/11/11 1.04 8.86 2.71 5.97
30/11/11 1.08 8.98 2.79 6.25
01/12/11 1.09 9.01 2.80 6.28
02/712/11 1.10 8.98 2.74 6.18
05/12/11 1.10 8.91 2.67 6.05
06/12/11 1.10 8.94 2.71 6.25
07/12/11 1.10 8.91 2.61 6.45
08/12/11 1.11 8.91 2.68 6.39
09/12/11 111 9.01 2.78 6.62
12/712/11 1.09 9.02 2.70 6.74
13/712/11 1.09 894 2.71 6.52
14/12/11 1.08 8.80 2.64 6.11
15/712/11 114 874 2.78 5.56
16/12/11 1.14 8.66 2.68 5.50

Date bo by b, bs

21/11/11 1.16 8.95 2.85 5.73
22/11/11 1.08 8.75 2.61 5.68
23/11/11 105 8.71 2.57 5.75
24/11/11 1.04 8.70 2.53 5.82
25/11/11 1.03 8.75 2.59 6.01
28/11/11 1.02 8.75 2.66 5.85
29/11/11 1.02 8.79 2.60 6.00
30/11/11 1.06 8.90 2.68 6.25
01/12/11 1.07 8.92 2.72 6.15
02/12/11 1.09 8.90 2.65 6.12
05/12/11 1.09 8.83 2.58 5.96
06/12/11 1.08 8.86 2.62 6.21
07/12/11 1.08 8.83 2.52 6.37
08/12/11 1.10 8.84 2.57 6.40
09/12/11 1.10 8.95 2.68 6.65
12/712/11 1.08 894 2.61 6.72
13/712/11 1.07 8.88 2.60 6.57
14/12/11 1.07 8.75 251 6.28
15/12/11 112 8.66 2.66 5.60
16/712/11 1.12 8.59 2.56 5.60

Table 5: Estimated parameters of Nelson-Siegel model for Australian issued bonds: nls fit, removing

outlier.
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Date bo o] b, bs

21/11/11 117 8.94 2.90 5.47
22/11/11 110 8.74 2.67 5.38
23/11/11 1.07 8.69 2.64 5.41
24/11/11 1.05 8.68 2.59 5.50
25/11/11 1.04 8.74 2.66 5.71
28/11/11 1.03 8.74 2.73 5.56
29/11/11 1.03 8.78 2.64 5.80
30711711 1.07 8.90 2.72 6.10
01/12/11 1.08 8.92 2.73 6.08
02712711 1.09 8.89 2.67 6.04
05712711 1.09 8.82 2.59 5.89
06/12/11 1.09 8.85 2.65 6.07
07/12/711 1.09 8.83 2.54 6.26
08712711 110 8.83 2.62 6.20
09712711 110 8.93 2.72 6.44
12/12/11 1.08 8.93 2.65 6.54
13/12/11 1.07 8.86 2.66 6.32
14/12/11 1.07 8.71 2.59 5.92
15/12/11 1.13 8.65 2.71 5.35
16/12/11 1.13 8.57 2.64 5.24

Table 6: Estimated parameters of Nelson-Siegel model for Australian issued bonds: robust fit, remov-

ing outlier.
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Figure 6: QQ Plot of average residuals for Australian issued bonds labelled BBB+ only.
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Figure 7: Plot of average residuals versus average fitted values for Australian issued bonds labelled
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Figure 9: Plot of average residuals versus average fitted values for Australian issued bonds labelled
BBB+ only (removing outlier).
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Figure 10: Plot of daily estimated average yield at 10 years for Australian issued bonds labelled BBB+
only.

3.2.1 Demonstration of the need for Fair VValue Curves

Figure (12| shows the result of a simulation exercise that demonstrates that the AER’s approach of
averaging the yields of a number of bonds is biased and that there is a need to use the Fair Value
Curve. This analysis complements and supports that given in the report in paragraphs 176 to 181.

In the simulation exercise we sampled 9 bonds with maturities uniformly distributed between 7.5
and 12.5 years. For each bond we took the average yield based on the fitted curve deleting the outlier.
We performed 10,000 simulations and for each simulation calculated the average yield of the 9 bonds.
Figure[12shows the histogram of the averages, with an overall grand average of 7.74, which is clearly
below the yield on the curve at 10 years which is 7.85.
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Figure 11: Yield to Maturity curves for Australian issued bonds labelled BBB+ only with 95% point-
wise confidence intervals. The curves given in the report are shown in red.
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Date bo bff bYEET pBEE p, bs
21/11/11 1236 7.752 8724 8773 1919 5644
22/11/11 1194 7684 8648 8686 1821 5694
23/11/11 1.165 7.547 8520 8570  1.688 5730
24/11/11 1151 7525 8500 8565  1.705  5.660
25/11/11 1.268 7.650 8594 8633 2043 5255
28/11/11 1382 7.701 8655 8695 2375  4.458
29/11/11 1415 7.797 8758 8800 2485 4321
30711711 1445 7.777 8714 8746 2414 4202
01/12/11 1313 7.801 8738 8770 2151  4.829
02/12/11 1326 7.743 8692 8721 2082  4.703
05/12/11 1321 7.712 8666 8700 2011 4748
06/12/11 1.369 7.804 8744 8781 2126 5144
07/12/11 1370 7.891 8785 8785 2153 5136
08/12/11 1.364 7.877 8785 8785 2154 5303
09/12/11 1301 7.784 8669 8669 1973 5441
12/12/11 1283 7.874 8789 8789 2054  5.530
13/12/11 1270 7.790 8693 8.693 2011  5.461
14/12/11 1276 7.790 8707 8707  1.953  5.683
15/12/11 1317 7.654 8553 8553 1897  5.429
16/12/11 1307 7.690 8596 8596 1905  5.503

Table 7: Estimated parameters of Nelson-Siegel model for Australian issued AUD bonds rated BBB to
A-: nls fit.

3.3 Australian issued AUD rated BBB to A-

The same process was followed using the 81 Australian issued AUD bonds rated BBB to A-. Table
and Table[8give the estimated parameters for the nls fit and robust fit, respectively.

Figure |13 provides the normal probability plot and Figure [14] plots the average residual versus
the average fitted value. While no outliers were present in the normal probability plot, the low early
values and high latter values are suggestive of fat tails in the distribution.

Figureshows the comparison of the estimated average yield at 10 years while Figure shows
a comparison of the yield to maturity curve in the report and that using nls in R and also using the
robust fit. There is virtually no difference between the estimated average yields at 10 years between
the report and that estimated by R. The presence of a fat tailed distribution would suggest that the
robust regression estimation is more realistic. However, the results of the robust regression are almost
10 basis points higher. The confidence intervals for the average yields are quite narrow although the
width is slightly higher for the robust fits.
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Date bp bf  bEPET pBBB bs
21/11/11 1185 7.854 8825 8825 2041 50940
22/11/11 1140 7.771 8738 8738 1937 5991
23/11/11 1117 7652 8622 8622 1809  6.046
24/11/11 1.094 7.639 8595 8595 1804  6.010
25/11/11 1304 7.851 8.776 8.776 2.396 5.357
28/11/11 1549 8.047 8970 8970  2.928  4.434
29/11/11 1600 8.147 9.071 9.071 3.055 4221
30/11/711 1721 8210 9.105 9.105 3.090 4.106
01/12/11 1579 8188 9.098 9.098  2.897  4.485
02/12/11 1715 8236 9.156 9.156 2977 4.275
05/12/11 1.603 8115 9.042 9.042 2773  4.422
06/12/11 1720 8313 9219 9219  3.027 4801
07/12/11 1696 8311 9208 9.208  3.016  4.704
08/12/11 1.634 8249 9165 9.165 2945 4928
09/12/11 1426 8000 8.894 8894 2546 5179
12/12/11 1420 8095 9.027 9.027 2655  5.213
13/12/11 1403 8002 8917 8917 2609  5.125
14/12/11 1389 7.990 8927 8927 2518  5.409
15/12/11 1.497 7.923 8833 8833 2559 5115
16/12/11 1460 7.920 8840 8840 2498  5.208

Table 8: Estimated parameters of Nelson-Siegel model for Australian issued AUD bonds rated BBB to

A-: robust fit.
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Figure 14: Plot of average residuals versus average fitted values for Australian issued Australian
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Figure 15: Plot of daily estimated average yield at 10 years for Australian issued AUD bonds rated
BBB to A-.
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Date bp bff  bYEET pBEE  p bs
21/11/11 1.021 8032 9050 9.602  1.892 1.018
22/11/11 1004 7.966 8951 9544 1794 0.985
23/11/11 1.000 7.977 8952 9546  1.765 0.976
24/11/11 0992 8012 8963 9572  1.802 0.951
25/11/11 1.006 8102 9.031 9.664  1.956 0.929
28/11/11 1.026 8110 9.047 9.692 2222 00937
29/11/11 1.040 8165 9.098 9.743  2.297 0.933
30/11/11 1.069 8267 9.193 9.851  2.363 0.927
01/12/11 1032 8253 9.175 9.836 2112 0.923
02/12/11 1.025 8160 9.101 9.741  1.997 0.941
05/12/11 1026 8144 9.075 9.728 1955 0.931
06/12/11 1.043 8216 9.137 9.793  2.015 0921
07/12/11 1037 8166 9.068 9.767  2.011 0.902
08/12/11 1.037 8093 9.020 9.699  1.923 0.927
09/12/11 1045 8234 9151 9.838 2023 00917
12/12/11 1035 8181 9106 9.827 1930 0.925
13/12/11 1024 8131 9.057 9752 1859 0.927
14/12/11 1010 8.030 8950 9.676 1730 0.919
15/12/11 1008 8.011 8910 9.664 1718 0.899
16/12/11 1002 7.951 8823 9616 1655 0.873

Table 9: Estimated parameters of Nelson-Siegel model for Australian issued bonds rated BBB to A-:
nls fit.

3.4 Australian issued bonds rated BBB to A-

Using the 224 Australian issued bonds rated BBB to A-, again the same process was followed. The
estimated parameters for the nls fir and robust fit are given in Table[9|and Table[10} respectively.

The normal probability plot is given in Figure and the average residual versus the average
fitted value is given in Figure[18] Both plots are affected by two outliers.

Removing the outliers, the estimated parameters are given in Tableand Table respectively.

The results are more satisfactory, as can be seen in Figure [19and Figure Figure [21] shows a
comparison of the estimated average yield at 10 years with and without the outliers removed while
Figure 22| shows the corresponding fair value cureves. The report and the results from R (without
removing the outliers) are similar. The robust regression results (with and without the outliers) and
the R result with the outliers removed are all similar, and about 20 basis points lower than the report
and the unadjusted R result. The presence of a fat tailed distribution would suggest that the robust
regression estimation is more realistic.

The 95% confidence intervals for the average yield for A-, BBB+, and BBB bonds with both nls and
robust fits including all the data and removing the outliers are quite narrow.

25



Date bo bf‘ b?BB_'_ b?BB b, bs

21/11/11 0986 7.806 8.801 9.196 1.720 0.995
22/11/11 0.964 7.729 8.688 9.135 1.616 0.959
23/11/11 0.954 7.701 8.659 9.087 1564 0.958
24/11/11 0.947 7.712 8.645 9.064 1574 0.933
25/11/11 0.974 7.826 8.730 9.165 1.765 0.904
28/11/11 0.995 7.818 8.730 9.174 2.038 0.912
29/11/11 1.006 7.858 8.771 9.249 2.108 0.913
30/11/11 1.049 7.979 8.872 9.367 2.191 0.894
01/12/11 1.005 7.982 8.868 9.386 1.970 0.886
02/12/11 0.995 7.901 8.801 9.317 1.878 0.901
05/12/11 0.996 7.879 8.767 9.288 1.819 0.888
06/12/11 1.021 7.939 8.827 9.311 1.901 0.888
07/12/11 1.014 7.899 8.765 9.305 1.863 0.866
08/12/11 1.013 7.835 8.724 9.238 1.784 0.889
09/12/11 1.028 7.964 8.847 9.341 1878 0.884
12712711 1.010 7.927 8.830 9.352 1.816 0.903
13712711 0.999 7.849 8.752 9.249 1.753 0.904
14712711 0.981 7.741 8.642 9.137 1.613 0.901
15/712/11 0.977 7.727 8.602 9.127 1596 0.875
16/12/11 00966 7.666 8.516 9.084 1.519 0.850

Table 10: Estimated parameters of Nelson-Siegel model for Australian issued bonds rated BBB to A-:

robust fit.

Date bp by  bEPET pBBB bs
21/11/11 0994 7.868 8791 9.368 1746 0.924
22/11/11 0975 7.798 8.686 9.303 1645 0.887
23/11/11 0970 7.800 8.675 9.290  1.609 0.874
24/11/11 0961 7.829 8.676 9.303 1639 0.847
25/11/11 0976 7.915 8739 9.389 1797 0.825
28/11/11 099 7.919 8749 9411 2065 0.830
29/11/11 1.010 7.970 8793 9.460 2139 0.823
30711711 1.041 8068 8.881 9565 2202 0.813
01/12/11 1.002 8.058 8.867 9.556 1953 0.809
02/12/11 0.994 7.964 8790 9.462  1.841 0.826
05/12/11 0.995 7.946 8760 9.445 1797 0.814
06/12/11 1.014 8019 8.828 9510 1858 0.809
07/12/11 1.007 7.970 8761 9.485  1.854 0.792
08/12/11 1.008 7.901 8719 9.425 1770 0.818
09/12/11 1.017 8040 8.848 9559 1868 0.808
12/12/11 1.006 7.989 8.805 9.551  1.775 0.816
13/12/11 0.996 7.941 8760 9480  1.708 0.819
14/12/11 0.980 7.840 8.651 9.405  1.580 0.810
15/12/11 0978 7.823 8614 9394 1566 0.791
16/12/11 0971 7.766 8531 9.351 1505 0.765

Table 11: Estimated parameters of Nelson-Siegel model for Australian issued bonds rated BBB to A-:

nls fit removing outliers.
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Date bp bff  bEPET pBBB bs
21/11/11 0976 7.748 8727 9.097  1.669 0.979
22/11/11 0954 7.673 8.615 9.040 1567 0.942
23/11/11 0942 7.627 8577 8953  1.499 0.950
24/11/11 0937 7.661 8575 8973 1527 0914
25/11/11 0.963 7.764 8652 9.055  1.714 0.888
28/11/11 0986 7.761 8.656 9.077 1993 0.895
29/11/11 0997 7.806 8700 9.160  2.065 0.894
30/11/11 1.041 7.924 8.798 9.275 2.146 0.875
01/12/11 0.995 7.923 8792 9.289 1924 0.869
02/12/11 0986 7.851 8731 9.237 1836 0.880
05/12/11 0987 7.825 8.694 9202  1.778 0.869
06/12/11 1.012 7.881 8752 9213  1.856 0.871
07/12/11 1.004 7.842 8689 9211 1816 0.848
08/12/11 1.004 7.774 8648 9136 1740 0.873
09/12/11 1.020 7.897 8.767 9.225 1831 0.870
12/12/11 1000 7.867 8753 9250 1770 0.887
13/12/11 0987 7.785 8675 9.136  1.703 0.890
14/12/11 0969 7.681 8567 9.031  1.561 0.886
15/12/11 0.965 7.661 8525 9.007  1.539 0.863
16/12/11 0951 7.599 8438 8.961  1.459 0.839

Table 12: Estimated parameters of Nelson-Siegel model for Australian issued bonds rated BBB to A-:

robust fit removing outliers.
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Figure 18: Plot of average residuals versus average fitted values for Australian issued bonds rated
BBB to A-.
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Figure 19: QQ Plot of average residuals for Australian issued bonds rated BBB to A-, removing out-
liers.
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Figure 20: Plot of average residuals versus average fitted values for Australian issued bonds rated
BBB to A-, removing outliers.
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Figure 21. Plot of daily estimated average yield at 10 years for Australian issued bonds rated BBB to
A-.
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Figure 22: Yield to Maturity curves for Australian issued bonds rated BBB to A- with 95% pointwise

confidence intervals. The curves given in the report are shown in red.
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Date bp by bf bIFF pBBB  pBEB b, bs
21/11/11 1174 7662 7.662 8542 8542 9.238 1825  5.092
22/11/11 1131 7589 7589 8460 8460 9.165 1728 5128
23/11/11 1104 7.466 7.466 8340 8340 9.036 1601  5.162
24/11/11 1.083 7.465 7.465 8327 8327 9.032 1613  5.129
25/11/11 1238 7598 7.598 8443 8443 9170 2007  4.680
28/11/11 1382 7.682 7.682 8535 8535 9.279 2354  3.927
29/11/11 1427 7.789 7.789 8648 8648 0389 2476  3.784
30/11/11 1470 7.763 7.763 8603 8.603 9.356 2427  3.614
01/12/11 1316 7.753 7.753 8.601 8601 9329 2196  4.111
02/12/11 1362 7.719 7719 8574 8574 9.294 2170  3.928
05/12/11 1335 7.674 7.674 8536 8536 9.258  2.077  4.000
06/12/11 1411 7.784 7.784 8633 8633 9357 2229  4.350
07/12/11 1404 7.823 7.823 8627 8665 9405 2248  4.334
08/12/11 1.400 7.813 7.813 8.621 8.667 9400 2242  4.505
09/12/11 1284 7.682 7.682 8481 8515 9.262 2008  4.716
12/12/11 1273 7.776 7.776 8598 8.636 9.365 2092  4.777
13/12/11 1235 7.677 7.677 8489 8524 9258 2007  4.775
14/12/11 1269 7.689 7.689 8495 8554 9.267 1990  4.897
15/12/11 1304 7.560 7.560 8.357 8.404 9134 1919 4714
16/12/11 1316 7.606 7.606 8.397 8.458 9.189 1965  4.703

Table 13: Estimated parameters of Nelson-Siegel model for Australian issued AUD bonds rated BBB-
to A: nls fit.

3.5 Australian issued AUD bonds rated BBB-to A

The same process was again applied to the 111 Australian issued AUD bonds rated BBB to A. The
estimated parameters for the nls fit is given in Table[13] while the estimated parameters for the robust
fitis given in Table[14]

The normal probability plot for the nls fit is given in Figure[23} and the average residual versus the
average fitted value is given in Figure Neither plot shows evidence of outliers, however Figure
suggests that the distribution may have fat tails.

Figure 25/shows a comparison of the estimated average yield at 10 years. The average yield from
the report and using R are almost identical, however, the average yield from the robust regression is
almost 20 basis points higher.

The presence of a fat tailed distribution in Figure [23| would suggest that the robust regression
estimation is more realistic.

Figureshows a comparison of the yield to maturity curves and 95% confidence intervals for the
average yield for A, A-, BBB+, BBB, and BBB- bonds with both nls and robust fits. The confidence
intervals are quite narrow but wider for the robust fits.

32



Date bo b} b}  bPEET pBBE pTEE b, bs
21/11/11 1260 7.848 7.848 8794 9516 9516 2133 5473
22/11/11 1207 7.762 7.762 8.694 9430 9430 2027  5.504
23/11/11 1190 7.651 7.651 8588 9.312 9312 1913 5543
24/11/11 1139 7.623 7.623 8540 9278 9.278 1854 5594
25/11/11 1.395 7.899 7.899 8787 9556 9556 2475  5.062
28/11/11 1839 8.284 8284 9.165 9.945 9945 3206  4.163
29/11/11 2275 8722 8722 9595 10.386 10.386  3.724  3.847
30/11/11 2454 8801 8.801 9.652 10.469 10469 3771  3.751
01/12/11

02/12/11

05/12/11

06/12/11

07/12/11

08/12/11 2.325 8.856 8856 9.735 10536 10536  3.746  4.477
09/12/11 1509 8.017 8017 8889 9694 9694 2618  4.881
12/12/11 1507 8.107 8107 9011 9791 9791 2716  4.868
13/12/11 1461 7.987 7.987 8.874 9.655 9655 2.626  4.815
14/12/11 1.488 8.003 8.003 8908 9.679 9679 2597 5007
15/12/11 1594 7.956 7.956 8.836 9.618 9618 2632  4.829
16/12/11 1540 7.927 7.927 8817 9.607 9607 2548  4.897

Table 14: Estimated parameters of Nelson-Siegel model for Australian issued AUD bonds rated BBB-

to A: robust fit.

Australian Issued AUD Bonds
rated BBB-to A

o) O
O
o — O
)
Q
= ] -
S — -
> -
(@4
Q o
=}
e
I
o O
o (@]
| [ [ [ [
-2 -1 1 2

Theoretical Quantiles

Figure 23: QQ Plot of average residuals for Australian issued AUD bonds rated BBB- to A
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Figure 24: Plot of average residuals versus average fitted values for Australian issued AUD bonds

rated BBB- to A.
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Figure 25: Plot of daily estimated average yield at 10 years for Australian issued AUD bonds rated
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Figure 26: Yield to Maturity curves for Australian issued AUD bonds rated BBB- to A with 95% point-
wise confidence intervals. The curves given in the report are given in red.
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Date bp by bf bIFF pBBB  pBEB b, bs
21/11/11 1.076 8023 8023 8964 9509 9.509 1965  6.859
22/11/11 1054 7958 7.958 8.862 9.447 9447 1867  6.863
23/11/11 1.039 7.954 7.954 8.849 9446 9.446  1.830  6.984
24/11/11 1.029 7.990 7.990 8.862 9471 9471 1863  7.042
25/11/11 1056 8102 8102 8953 9572 9572 2028  7.097
28/11/11 1072 8108 8.108 8962 9587 9.587 2244  6.640
29/11/11 1.085 8161 8161 9.006 9.631 9.631 2313  6.561
30711711 1115 8256 8.256 9.099 9.742 9.742 2381  6.761
01/12/11 1.078 8235 8235 9.084 9735 9735 2155  7.103
02/12/11 1.067 8142 8142 9.008 9.635 9.635 2014  6.999
05/12/11 1.068 8135 8.135 8.991 9.613 9.613 1959  7.085
06/12/11 1.083 8203 8203 9.056 9.682 9.682 2018  7.390
07/12/11 1074 8136 8.136 8970 9.639 9.639 1985  7.228
08/12/11 1.066 8.046 8.046 8.905 9560 9.560  1.880  7.230
09/12/11 1080 8202 8202 9.051 9.720 9.720  2.000  7.603
12/12/11 1067 8131 8131 8995 9.702 9702 1906  7.386
13/12/11 1052 8075 8075 8.942 9632 9632 1850  7.423
14/12/11 1035 7979 7979 8837 9556 9556  1.708  7.377
15/12/11 1034 7.969 7.969 8.810 9557 9557 1694  7.468
16/12/11 1.029 7.904 7.904 8717 9501 9501  1.634  7.295

Table 15: Estimated parameters of Nelson-Siegel model for Australian issued bonds rated BBB- to A:
nls fit.

3.6 Australian issued bonds rated BBB- to A

As before, the same process was applied using all of the 299 Australian issued bonds rated BBB- to A.
The estimated parameters are given in Table[I5]for the nls fit and in Table[I6] for the robust fit.

The normal probability plot for the nls fit is given in Figure and the average residual versus
the average fitted value is given in Figure Both plots are affected by two outliers.

The estimated parameters, removing the outliers, are given in Tablefor thenlsfitandin Table
for the robust fit.

Removing the outliers provided more satisfactory results, as can be seen in Figure[29/and Figure[30}
Figure 29| suggests that the distribution may have fat tails.

Figure [31| shows a comparison of the estimated average yield at 10 years with and without the
outliers removed. The report and the result from R (without removing the outliers) are a little different.
The unadjusted R estimate is about 10 basis points higher that in the report. The unadjusted robust
regression results and the R result with the outliers removed are similar, and about 20 basis points
lower than the the unadjusted R result, and about 10 basis points lower than the report result. The
robust regression result with the outlier removed is around an extra 5 basis points lower still.

Figureshows the 95% confidence intervals for the yield to maturity curve for A, A-, BBB+, BBB,
and BBB- bonds for maturities of 0.1 to 15 years in steps of 0.1 with both nls and robust fits both for all
data and removing the outliers. The confidence intervals are quite narrow but wider for A and BBB+
bonds and for longer maturities.
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Date bo  bf bA  bDBBT [pBBB [pBBB b b
21/11/11 1044 7.837 7.837 8799 9237 9237 1750  6.809
22/11/11 1026 7.776 7.776 8.694 0186 9.186 1668  6.789
23/11/11 1.002 7.742 7.742 8.664 9.155 9.155 1.605 6.873
24/11/11 0995 7.779 7.779 8667 9177 9177 1628 6921
25/11/11 1.032 7.894 7.894 8762 9.252 9252 1.806  6.955
28/11/11 1.040 7.883 7.883 8747 9.255 9255 2012  6.446
20/11/11 1053 7.920 7.920 8775 9.306 9306 2101  6.304
30711711 1.098 8027 8027 8867 9422 9422 2189  6.449
01/12/11 1.048 8007 8007 8849 9422 9422 1959  6.828
02/12/11 1039 7.924 7.924 8777 9337 9337 1868  6.666
05/12/11 1.045 7.908 7.908 8.749 9.286 9.286 1.820  6.663
06/12/11 1067 7.973 7.973 8817 9337 9337 189 6916
07/12/11 1054 7.906 7.906 8.733 9.294 9294 1.832  6.800
08/12/11 1.038 7.817 7.817 8.672 9.217 9.217 1.712 6.840
09/12/11 1.060 7.977 7.977 8822 9373 9373 1832  7.217
12/12/11 1033 7.903 7.903 8779 9353 9353 1736  7.105
13/12/11 1023 7.837 7.837 8713 9.286 9286 1704  7.010
14/12/11 1008 7.740 7.740 8610 9.199 9199 1575  6.941
15/12/11 1009 7.738 7.738 8589 9.196 9.196 1558  7.049
16/12/11 0998 7.672 7.672 8494 9142 9142 1487  6.897

Table 16: Estimated parameters of Nelson-Siegel model for Australian issued bonds rated BBB- to A:

robust fit.

Date bo b} b}  DbPEET  pBBB pBEB b, bs
21/11/11 1044 7.874 7874 8722 9303 9.336 1821  6.518
22/11/11 1020 7.806 7.806 8.614 9236 9.273 1720  6.514
23/11/11 1004 7.796 7.796 8592 9.210 9.301 1679  6.615
24/11/11 0993 7.826 7.826 8596 9.227 9311 1705  6.660
25/11/11 1.020 7.933 7.933 8681 9335 9361 1867  6.703
28/11/11 1035 7.936 7.936 8.685 9.351 9.358 2085  6.237
29/11/11 1047 7.985 7.985 8722 9393 9398 2152  6.151
30711711 1.080 8078 8078 8808 9496 9524 2220 6.334
01/12/11 1.042 8059 8059 8797 9.490 9534 1991  6.692
02/12/11 1.030 7.966 7.966 8719 9395 9422 1849  6.588
05/12/11 1.029 7.957 7.957 8.698 9.375 9375 1790  6.669
06/12/11 1.047 8.025 8025 8.767 9.444 9444 1850  6.973
07/12/11 1.037 7.961 7.961 8.686 9.404 9404 1819  6.818
08/12/11 1.028 7.875 7.875 8.626 9331 9331 1717  6.829
09/12/11 1.045 8029 8.029 8771 9487 9490 1837  7.196
12/12/11 1.030 7.960 7.960 8.717 9.468 9488 1744  6.986
13/12/11 1.018 7.909 7.909 8.668 9.393 9453  1.694  7.021
14/12/11 0999 7.813 7.813 8563 9.321 9371 1550  6.983
15/12/11 0.998 7.803 7.803 8538 9.321 9374 1535  7.076
16/12/11 0.992 7.741 7.741 8447 9.272 9311 1476  6.911

Table 17: Estimated parameters of Nelson-Siegel model for Australian issued bonds rated BBB- to A:
nls fit, removing outliers.
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Date bp b} b}  HEEBT  pBBE pBEB b, bs
21/11/11 1033 7.793 7.793 8737 9.178 9178 1706  6.720
22/11/11 1015 7.731 7.731 8630 9.123 9123 1624  6.696
23/11/11 0991 7.699 7.699 8.606 9.096 9.096 1562  6.789
24/11/11 0984 7.735 7.735 8607 9.116 9116 1582  6.837
25/11/11 1.019 7.850 7.850 8.700 9.194 9.194 1.759 6.871
28/11/11 1.029 7.839 7.839 8687 9191 9191 1968  6.359
29/11/11 1044 7.881 7.881 8719 9249 9249 2064  6.218
30/11/11 1.089 7.985 7.985 8.808 9.361 9.361 2152  6.351
01/12/11 1.039 7.964 7.964 8787 9361 9.361 1923  6.728
02/12/11 1.030 7.883 7.883 8.716 9.278 9.278 1.830 6.571
05/12/11 1.036 7.868 7.868 8.690 9.227 9.227 1783  6.570
06/12/11 1.058 7.931 7.931 8758 9277 9277 1858  6.822
07/12/11 1.044 7.867 7.867 8674 9238 9238 1795  6.712
08/12/11 1.029 7.774 7.774 8.612 9.156 9.156 1.677 6.738
09/12/11 1.052 7.933 7933 8763 9309 9309 1795  7.115
12/12/11 1024 7.866 7.866 8.722 9.300 9.300 1698  7.024
13/12/11 1014 7.797 7.797 8.656 9.228 9.228  1.668  6.918
14/12/11 0.998 7.700 7.700 8553 9.141 9.141 1.537 6.853
15/12/11 0999 7.699 7.699 8532 9.141 9141 1519  6.965
16/12/11 0989 7.630 7.630 8435 9.082 9.082 1451  6.799

Table 18: Estimated parameters of Nelson-Siegel model for Australian issued bonds rated BBB- to A:
robust fit, removing outliers.
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Figure 27: QQ Plot of average residuals for Australian issued bonds rated BBB- to A
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Figure 28: Plot of average residuals versus average fitted values for Australian issued bonds rated
BBB- to A.
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rated BBB-to A
(Removing Ouitliers)

Sample Quantiles

Theoretical Quantiles

Figure 29: QQ Plot of average residuals for Australian issued bonds rated BBB- to A, removing out-
liers.
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Figure 30: Plot of average residuals versus average fitted values for Australian issued bonds rated
BBB- to A, removing outliers.
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Figure 32: Yield to Maturity curves for Australian issued bonds rated BBB- to A with 95% pointwise
confidence intervals. The curves given in the report are given in red.
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3.7 Summary of Estimation Results

A summary of the results is given in Table[19]

BBB+ Yield at 10 Years %

(Std.Error)

Sample/Bond Category n | Report R Robust
Australian issued AUD bonds rated BBB+only | 15 | 8.25 8.24 8.20
(0.024) (0.036)
Australian issued bonds rated BBB+ only 42 | 8.15 8.11 7.9
(0.065) (0.064)
Removing outlier 41 7.85 7.85
(0.065) (0.065)
Australian issued AUD bonds rated BBB to A- 81| 7.74 7.74 7.84
(0.03) (0.033)
Australian issued bonds rated BBB to A- 224 | 8.05 8.01 7.84
(0.062) (0.062)
Removing outliers 222 7.82 7.79
(0.061) (0.063)
Australian issued AUD bonds rated BBB-to A | 111 | 7.67 7.66 7.8
(0.039) (0.037)
Australian issued bonds rated BBB- to A 299 | 7.99 7.95 7.81
(0.062) (0.062)
Removing Outliers 297 7.77 7.78
(0.061) (0.061)

Table 19: Comparison of yields at 10 years between values given in the report and those based on R.
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4 Application of zero coupon Nelson-Siegel yield curves to estimate par
yield curves

In section 5.1.2 of the report the spot curve was estimated. This is more complex than estimating the
yield to maturity curve. The discount rate for a bond of credit rating rank is given by

exp( t/bg)
t/bg

F(t,rank) = b, rak + (02 + ba) bsexp( t/bo)

where t is the time to the bond’s next payment which is discounted at rate r(t, rank). The parameters
are estimated by minimising the weighted sum of pricing errors

N ~
[wi(P?  P)I?
i=1
where
1/4d; . .
Wi = —g - Where d; = Macaulay duration of bond i
N = Number of bonds in the sample
PiA = the actual ‘dirty” price of bond i
P, = fitted price of bondigivenby Pi= Ciiexp[ t r(t,rank)]

t

where Cj; is a cash flow on bond i promised to be paid t years from now.

It should be emphasised that the weights, wj, in the report are inside the square brackets in the
equation above and hence are squared. Essentially the parameters are estimated by minimising the
guantity

N A~

[ui(P?  P)?]

i=1
where
5 (1/d;)?
L (s (d))
giving more weight to bonds with shorter durations. The u; correspond to the more traditional weights
in “weighted least squares”. Examination of the literature shows that such a weighting has been used
by a number of authors. For example, loannidis (2003) says

Ui = w

| estimate the Nelson and Siegel ... | choose to minimise the distance between squared price
errors weighted by the inverse of the duration of the issue squared. This weight function
best adjusts for the differential importance of small price changes at different maturities
on estimates of the yield curve. An error in price of three-month treasury bill would not
have the same impact as the error in the price of a fifteen year bond. If we assume an equal
weight, the pricing of long term issues would be less accurate than the pricing of short
term maturity issues due to increasing duration. Similar weighting schemes are adopted
by Vasicek and Fong (1982) and Bliss (1997).

The parameters were estimated using the optimcommand in R, with the BFGS optimisation method.
Once the parameters are estimated, the par yield, the coupon rate C that causes the bond price to equal
its par value, can be calculated. Assuming annual coupon payments for bond maturity T, the equation
is

100 =Cexp[ ri+Cexp[ 2r+...+(100+C)exp[ Try]).

In the report Solver was used to solve for C but the following equation can be used:

_ 100(1 exp[ Trqr])

C T
=1 exXp [ tri
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Years | Report | R
11 8.50 | 8.55
10 8.40 | 8.45

9 8.26 | 8.33
8 8.14 | 8.19
7 798 | 8.03
6 7.78 | 7.84
5 756 | 7.63
4 730 | 7.38
3 6.99 7.1
2 6.61 | 6.79
1 6.17 | 6.44

Table 20: Comparison of Par Yields given in the report and those calculated using R for Australian
issued AUD BBB+ bonds.

A- BBB+ BBB
Years | Report | R | Report| R | Report| R
11 793 | 798| 830 |833| 830 |833
10 781 |78 | 819 |822| 819 | 822
9 767 |772| 805 |807| 805 |8.07
8 750 | 754 | 7.88 7.9 7.88 7.9
7 729 |733| 767 |768| 7.67 | 7.68
6 704 | 707 | 742 | 743 | 742 | 743
5 674 |676 | 712 |712| 712 | 7.12
4 6.39 6.4 6.77 | 6.76 | 6.77 | 6.76
3 6.01 |6.03| 6.39 6.4 6.39 6.4
2 567 |576| 6.05 |6.12| 6.05 |6.12
1 559 |584 | 5097 6.2 5.97 6.2

Table 21: Comparison of Par Yields given in the report and those calculated using R for A-, BBB+, and
BBB bonds, based on an analysis of Australian issued AUD bonds rated BBB to A-.

Table [20| gives a comparison of the results given in the report and those that we have calculated
for bond maturities of 1 to 11 years, for BBB+ bonds, based on an analysis of the 15 Australian issued
AUD bonds rated BBB+ only. For longer maturities, we get slightly higher par yields, but slightly
lower par yields for shorter maturities.

Table [21] gives a comparison of the results given in the report and those that we have calculated
for bond maturities of 1 to 11 years, for A-, BBB+, and BBB bonds, based on an analysis of the 81
Australian issued AUD bonds rated BBB to A-. There is very little substantive difference except for
maturities of one and two years.

Table [22| gives a comparison of the results given in the report and those that we have calculated
for bond maturities of 1 to 11 years, for A-, BBB+, and BBB bonds, based on an analysis of the 111
Australian issued AUD bonds rated BBB- to A. Again, there is very little substantive difference except
for maturities of one and two years.
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A- BBB+ BBB
Years | Report | R | Report | R | Report | R
11 791 |79 | 826 |828| 826 | 828
10 775 |781| 810 |813| 810 | 813
9 758 | 764 | 793 |7.96 | 793 | 7.96
8 740 | 745 | 775 |77 | 1.5 | 71.77
7 720 | 724 | 755 |756| 755 | 7.56
6 701 |701| 733 |733| 733 | 733
5 6.72 | 676 | 7.08 |7.09| 7.08 | 7.09
4 6.49 6.5 682 |683| 682 |6.83
3 6.19 | 623| 654 |656| 654 | 6.56
2 589 | 597 | 6.24 6.3 6.24 6.3
1 557 |575| 592 |6.07| 592 |6.07

Table 22: Comparison of Par Yields given in the report and those calculated using R for A-, BBB+, and

BBB bonds, based on an analysis of Australian issued AUD bonds rated BBB- to A.
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VU7. Diamond, N.T (1998). “Fate of pollutants at WTP-method for de-
termining safety margins,” prepared for Egis consulting group.

VU8. Bromley, M. and Diamond, N.T (2002). “The manufacture of Labo-
ratory coreboard using various chip furnishes,” prepared for Orica adhesives
and resins.

Monash University
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Professional Service

e President, Victorian Branch, Statistical Society of Australia, 2001-
2002.

— Terms as Council Member, Vice-President, and Past President.

» Referee: Australian and New Zealand Journal of Statistics, Biometrika,
Journal of Statistical Software
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Robert Brooks is a professor in the Department of Econometrics and Business Statistics and Deputy
Dean, Education in the Faculty of Business and Economics.

Robert obtained his honours and PhD degrees from Monash University and has previously worked at
RMIT University.

His primary area of research interest is in financial econometrics, with a particular focus on beta risk
estimation, volatility modelling and the analysis of the impacts of sovereign credit rating changes on
financial markets. His research in the financial econometrics area has produced a number of
publications in top-tier journals, along with research funding from ARC Discovery and ARC Linkage
and industry sources.

Given his education management role, Robert also works in areas of educational research relating to

pedagogy of teaching business statistics and in particular applications of problem based learning in that

setting.
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