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section 9.3.3, page 100. 



ESQUANT

��

Statistical Consulting

Review of ERA (WA) Yield Curve Analysis

A REPORT FOR

UNITED ENERGY AND MULTINET GAS

NEIL DIAMOND, B.SC.(HONS), PH.D., A.STAT.

ESQUANT STATISTICAL CONSULTING

PROF. ROBERT BROOKS, B.EC.(HONS), PH.D.

DEPARTMENT OF ECONOMETRICS AND BUSINESS STATISTICS

MONASH UNIVERSITY

September 26, 2013



ESQUANT

��

Statistical Consulting

Contents

1 Executive Summary 3

2 Terms of Reference - Review of Yield Curves and an assessment of methods used to deter-
mine the spot cost of debt 8

3 Nelson-Siegel Model 10

4 A critique of the ERA’s Yield Curve Analysis 11
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.2 WAGN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.3 DBNGP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
4.4 Western Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

5 Estimation of the Nelson-Siegel parameters 17
5.1 Nelson-Siegel approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
5.2 Diebold and Li Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
5.3 Approach Used in YieldCurve package . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

6 Profile Plots 19
6.1 WAGN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
6.2 DBNGP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
6.3 Western Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
6.4 Solutions on the Boundary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

7 Using the Total Cost of debt as a response variable 25
7.1 WAGN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
7.2 DBNGP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
7.3 Western Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

8 Simulation Exercise to Compare Averaging to Yield Curve Fitting 31

9 Conclusions 34

A Dr Neil Diamond 36

B Professor Robert Brooks 50

2



ESQUANT

��

Statistical Consulting

1 Executive Summary

In section 9.3.3 of the Explanatory Statement for the Draft Rate of Return Guidelines, (ERA, 2013a),
the ERA (WA) fitted the Nelson-Siegel model to the data that had been used in three recent regulatory
decisions. The decisions were as follows :

• Final decision on WA Gas Networks Pty Ltd proposed revised access arrangement for the Mid-
West and South-West Gas Distribution Systems, (ERA, 2011a). See, also (ERA, 2012a).

• Final Decision on Proposed Revisions to the Access Arrangement for the Dampier to Bunbury
Natural Gas Pipeline, (ERA, 2011b); and

• Final Decision on Proposed Revisions to the Access Arrangement for the Western Power Net-
work, (ERA, 2012b).

Over the remainder of this report, the three decisions have, in the main, been abbreviated to WAGN,
DBNGP, and WP.

Chapter 3: Nelson-Siegel Model

The ERA (WA) used the YieldCurve (Guirreri, 2013) package in R (R Core Team, 2013) to estimate the
Nelson-Siegel model using the specification, suggested by Diebold and Li (2006),

y(τ) = β0 + β1
1− exp(−λτ)

λτ
+ β2

(
1− exp(−λτ)

λτ
− exp(−λτ)

)
.

In this specification y(τ) represents the Debt Risk Premium (DRP) at maturity τ, and β0, β1 and β2 are
the parameter estimates corresponding to the ‘long-term’, ‘short-term’, and ‘medium-term’ compo-
nents respectively. Once the parameters are estimated, the average DRP at five years can be calculated.

The main purpose of the Nelson-Siegel analysis conducted by the ERA (WA) was to compare the
result with the joint-weighted estimation method given by

∑
i
(Maturityi)× (Issue Amounti)× (DRPi)

∑
i
(Maturityi)× (Issue Amounti)

where:
Maturityi = The remaining term to maturity of a particular bond (to be

distinguished from the tenor at issuance).
Issue Amounti = The size of the bond at issuance, measured in $ million. For

a plain vanilla, fixed coupon bond, the issue amount can be
thought of as the bond’s face value.

DRPi = The debt risk premium attributable to the particular bond
(bond ‘i’).

Chapter 4, A critique of the ERA (WA)s Yield Curve Analysis

The ERA (WA) sought to implement Nelson-Siegel yield curves, drawing upon the bond data that
was reportedly used in three recent regulatory decisions. The ERA (WA) had applied a bond yield
averaging approach, or a “joint weighted DRP approach” in those constituent decisions.

However, in two of the three cases, the analysis performed by the ERA (WA) for the purposes of
its explanatory statement appears to have used different data from that provided and reported in the
respective final decision documents. For WAGN, the data for four bonds was not used. For DBNGP,
there are major differences between the data used and that given in the decision document.

A comparison of the results provided by the ERA (WA) in their explanatory statement (ERA, 2013a)
and the results that we calculated using the YieldCurve package are given in the table below. Note
that we have also computed standard errors and robust standard errors, using a bootstrap method.

3



ESQUANT

��

Statistical Consulting

Table 1: A comparison of values of the debt risk premium (DRP) at 5-years. Estimates of the debt risk
premium provided by the ERA (WA), and the results of our own calculations based on the application
of joint-weighted averaging and Nelson-Siegel curve fitting. Bootstrap standard errors (SE) are shown,
together with robust standard errors (Robust SE).

DRP SE Robust SE
(%) (%) (%)

WA Gas Networks
ERA (WA) reported Explanatory Statement Joint-Weighted 2.893
results (ERA, 2013a, Table 11) Nelson-Siegel 2.83
ESQUANT/MONASH 13 data points Joint-Weighted 2.894 0.200 0.157
calculations (ERA, 2011a, Table 17) Nelson-Siegel 2.996 0.279 0.289
ESQUANT/MONASH 17 data points Joint-Weighted 3.091 0.207 0.213
calculations (ERA, 2011a, Table 17) Nelson-Siegel 2.857 0.254 0.245
Access arrangement for DBNGP
ERA (WA) reported Explanatory Statement Joint-Weighted 3.196
results (ERA, 2013a, Table 11) Nelson-Siegel 3.34
ESQUANT/MONASH Digitized Data Nelson-Siegel 3.327 0.409 0.214
calculations (ERA, 2013a, Figure 11)
ESQUANT/MONASH Data from Decision Joint-Weighted 3.148 0.115 0.096
calculations (ERA, 2011b, Table 36) Nelson-Siegel 3.277 1.360 0.292
Access arrangement for Western Power
ERA (WA) reported Explanatory Statement Joint-Weighted 2.708
results (ERA, 2013a, Table 11) Nelson-Siegel 2.82
ESQUANT/MONASH Digitized Data Nelson-Siegel 2.815 0.160 0.134
calculations (ERA, 2013a, Figure 13)
ESQUANT/MONASH Data from Decision Joint-Weighted 2.719 0.113 0.118
calculations (ERA, 2012b, Table 167) Nelson-Siegel 2.819 0.141 0.152

The data used by ESQUANT/MONASH has been taken from the respective final decision docu-
ments1. The data from the decisions was supplemented by information on bond issuance amounts,
which was extracted from the Bloomberg data service by United Energy and Multinet Gas.

There are important differences between the results published by the ERA and those that we ob-
tained. Consider for instance the analysis of the WAGN decision:

• In the explanatory statement, the ERA (WA) appears to have dropped the debt risk premium
results from four bonds, thereby relying upon only 13 observations, as opposed to 17.

• We estimated Nelson-Siegel curves for 13 bonds, and for the full set of 17 bonds. The results are
shown in Table 1 above. We also applied the ERA’s approach to calculate a joint-weighted DRP.

• The ERA has reported that the DRP from the Nelson-Siegel method is 2.83% (see Table 1 above
and Table 11 of the explanatory statement). However, this value is incorrect. The debt risk
premium from the Nelson-Siegel approach, as applied to the WAGN data, is 2.996% if the obser-
vations from only 13 bonds are employed.

1

Final decision on WA Gas Networks Pty Ltd proposed revised access arrangement for the Mid-West and South-
West Gas Distribution Systems, (ERA, 2011a); see Table 15, page 80 and Table 17, page 88.

Final Decision on Proposed Revisions to the Access Arrangement for the Dampier to Bunbury Natural Gas
Pipeline, (ERA, 2011b); see Table 35, page 146, and Table 36, page 148.

Final Decision on Proposed Revisions to the Access Arrangement for the Western Power Network, (ERA, 2012b);
see Table 165, page 365, and Table 166, page 367.
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• The estimate of the DRP derived using the joint-weighted method, as applied to 13 bonds, is
2.894%, with a relatively high standard error of 0.200%.

• The standard errors of the DRP estimates from the use of the Nelson-Siegel method are also com-
paratively high. For instance, when 13 bonds are used, the DRP estimate of 2.996% is associated
with a bootstrap standard error of 0.279%. The quantum of the standard error should not, how-
ever, be interpreted as a possible failing of the Nelson-Siegel method (and, by implication, as
an argument in favour of the joint-weighted DRP approach). The issue at stake is that the ERA
(WA) has used very small bond samples when computing the DRP. The deficiencies inherent
in the ERA’s implementation of the Nelson-Siegel method are expounded upon further in later
sections of this report.

• In other applications of the Nelson-Siegel method, we have found that DRP estimates can be
generated with comparatively low standard errors. For instance, we recently used a large bond
database compiled by the Competition Economists Group, (CEG) to calculate estimates of the
DRP for a benchmark corporate bond with a 7-year tenor and a 10-year tenor. The reader is
referred to Diamond, Brooks, and Young (2013b).

In the context of the final decision for the access arrangement for DBNGP (ERA, 2011b):

• The ERA appears to have used a different dataset for the analysis undertaken for the purpose of
the explanatory statement, as compared to the bond data that was employed in the final decision
for DBNGP.

• However, we have digitised the data from the hard copy of Figure 11 in the explanatory state-
ment, and have applied the Nelson-Siegel method using the resulting observations. As shown
in Table 1, the estimated DRP for a five-year tenor is 3.327%. If the Nelson-Siegel curve is ap-
plied to the observations from the DBNGP decision document, then the calculated DRP becomes
3.277%.

• We have also applied the ERA’s method to calculate the joint-weighted DRP using bond data
covering the debt risk premium, and remaining term to maturity, sourced from the final decision
for DBNGP. Additional information showing the size of each bond issue was obtained from
Bloomberg, and provided to us by United Energy and Multinet Gas. We calculated a joint-
weighted DRP estimate of 3.148%, which is below the DRP figure of 3.196% that is reported in
Table 11 of the explanatory statement.

• Accordingly, we were unable to precisely replicate the joint-weighted DRP result that was pro-
duced by the ERA (WA), although we followed the ERA’s technique, in the way that it has been
presented in the Western Power final decision, (ERA, 2012b, see Table 367, page 169).

From the perspective of the final decision for the access arrangement for Western Power (ERA,
2012b):

• The parameter estimates obtained from the application of the Nelson-Siegel method to the digi-
tised data were similar to those reported in Table 11 of the explanatory statement. The estimate
of the debt risk premium at five years, was, however, very similar to the result in the explanatory
statement (2.840% as compared to 2.82%, see Table 1 above).

When comparing results from the joint-weighted DRP approach with those obtained from the
estimation of Nelson-Siegel curves, the ERA (WA) has claimed that (ERA, 2013a, paragraph 532):

“Estimates of the DRP can be higher (as in the case for WAGN), and lower (as in the case
for DBNGP and Western Power). The difference of the estimates under both approaches
varies within the range of 6 and 14 basis points”.

The conclusion drawn by the ERA (WA) is erroneous. The previous discussion, when considered
in conjunction with the results in Table 1 above, demonstrates that the joint weighted DRP method
delivers consistently lower results for the DRP at 5-years. The ERA’s method is downwardly biased,
because of the phenomenon of Jensen’s inequality (see section 8). Jensen’s inequality applies because
Nelson-Siegel curves are typically concave.
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Chapter 5, Estimation of the Nelson-Siegel parameters

The usual approach for estimating the Nelson-Siegel parameters is to apply the method of nonlinear
least squares, which, in contrast to linear least squares, requires an iterative solution. The difficulties
associated with non-linear estimation are eased when applying the Nelson-Siegel approach because,
given a particular value of λ, the Nelson-Siegel model is linear in the other parameters.

The YieldCurve package in R-software uses another method. A series of positive λ values are
selected, and linear least squares is used to estimate the other parameters for each value of λ. An
applicable constraint is that the corresponding parameter estimate for β0 should be positive. The λ
value with the smallest residual sum of squares is chosen as the best estimate, subject to the constraint
being satisfied.

We disaggregated the Nelson-Siegel equation into three composite variables which can be de-
scribed as short-term, medium term and long-term components. A degree of difficulty was encoun-
tered, however, when we attempted, to separate out the short, medium and long-term components.
The problem arose because the data used by the ERA (WA) does not contain bonds with a remaining
term to maturity of less than two years. The ERA’s bond sample is, in effect, “truncated” at two years.

The inadequacies of the ERA’s data meant that there was multi-collinearity between the composite
variables which comprise the Nelson-Siegel model. There was some doubt, therefore, as to whether
or not the parameter estimates had been identified properly and reliably.

Chapter 6, Profile Plots

The non-linear least squares facility in the R environment for statistical computing and graphics (R
Core Team, 2013), which is also known as nls, was used for this part of the analysis. We note that in
section 5, a constrained estimation was applied to the Nelson-Siegel curves, however for the empirical
work undertaken in section 6, the constraints that λ and β0 should both be positive were removed. β0
can be regarded as the long-term parameter.

A plot of the λ value against the residual sum of squares of the associated linear regression is
called a profile plot. The debt risk premium was used as the response variable, and profile plots were
established for the three decisions, WAGN, DBNGP, and Western Power.

• For WAGN, the parameter estimates for λ and β0 were insignificantly different from zero, thereby
again demonstrating that the regression had been afflicted by multi-collinearity. The fitted model
was on the boundary of the constraint region.

• For DBNGP, the parameter estimates for λ and β0 were insignificantly different from zero, a
phenomenon that is also symptomatic of multi-collinearity.

• For Western Power, the estimated value of λ was close to zero, while β0 was weakly positive,
with both parameter estimates only marginally significant.

In fact, in none of the three cases was the fitted curve better, in a statistical sense, than a constant
DRP for all maturities. The F-tests that were applied to all three datasets did not reject the hypothesis
that the debt risk premium was a constant for each and every value of the term to maturity.

These outcomes should not, in any way, be interpreted as a criticism of the Nelson-Siegel method.
The main reason for the unsatisfactory outcomes in the three cases considered is that the ERA (WA)
did not include bonds with maturities of less than two years. The estimated parameters of the Nelson-
Siegel model therefore suffered from multi-collinearity. A further shortcoming of the ERA’s approach
was a failure to control for the different credit ratings of the bonds incorporated into the datasets.
There was therefore greater variability in the observed data than would otherwise be the case for such
small samples.

Chapter 7, Using the Total Cost of Debt as the Response Variable

When the total cost of debt (or the actual observed bond yield) was used as the response variable, in-
stead of the debt risk premium, the results from the profile plots appeared to improve somewhat. The
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yield was estimated for a 5-year term to maturity, and the corresponding DRP could then be worked
out. However, even with this approach, the only statistically significant model is that for Western
Power. As is shown in section 7.3, the parameter estimate for β0 is positive and statistically signifi-
cant, while an F-test of the hypothesis that the bond yield is constant, across the range of maturities,
is rejected at the 5% level of significance.

The estimation process would be improved via the inclusion of bonds with a remaining term to
maturity of less than two years. A further necessary enhancement would be to control for different
credit ratings in an appropriate way.

Chapter 8, Simulation Exercise to Compare Joint-weighted averaging to Yield Curve fitting

A simulation exercise was undertaken so as to investigate and compare the distribution of outcomes
under the joint-weighted DRP approach and under the Nelson-Siegel method. In view of the findings
in chapter 7, the simulations were conducted on the total cost of debt rather than on the debt risk
premium, although the DRP was worked out subsequently. The dataset from the Western Power
final decision was applied to the task, and was chosen because the unconstrained Nelson-Siegel curve
based on the total cost of debt, as reported in section 7.3 was statistically significant. The unconstrained
Nelson-Siegel curves obtained from the analysis of data from the WAGN and DBNGP decisions did
not pass tests of statistical significance owing to problems with sample selection. The simulation
conducted for Western Power was based on sample distributions using the observed data provided in
the Western Power final decision and the fitted Nelson-Siegel model.

The simulation results demonstrate that the joint weighted averaging approach is downwardly
biased for all sample sizes. The Nelson-Siegel approach and other curve-fitting approaches are un-
biased but do not work particularly well for small sample sizes, when the maturities of bonds in the
sample are limited to those over two years. The problem of small samples is highlighted by the larger
standard errors that are obtained when the number of observations falls below 50.

Conclusions

In its deliberations on the application of Nelson-Siegel methods, the ERA (WA) has opined that (ERA,
2013a, paragraph 533, page 102):

“Curve fitting is a complex issue and there are various different techniques which can be
used. The Authority considers that the small benefit from this complex technique is not
sufficient to outweigh the costs involved in carrying out the exercise.”

We do not believe that the ERA (WA) has done sufficient analysis to justify such a conclusion
being drawn. The limited work that the ERA (WA) has done on the implementation of the Nelson-
Siegel method has serious shortcomings, and has served to highlight problems with the way in which
the ERA (WA) selects its bond samples.

A more carefully constructed yield curve estimation exercise can produce estimates of the DRP
that are well-founded and robust. For evidence, the reader is referred to Diamond, Brooks, and Young
(2013b). We believe that there are considerable advantages in producing econometric estimates which
properly capture the information that is inherent in bond yields and term to maturity.

Our analysis has shown that the joint-weighted averaging approach of the ERA (WA) is biased
downwards and is not very precise. We have also found that eliminating short maturity bonds has a
deleterious effect on the properties of the Nelson-Siegel parameter estimates. However, as the sample
size increases the Nelson-Siegel estimates have far greater precision than the joint-weighted average
estimates, and they are unbiased for all sample sizes.

If the available data is confined to the limited samples that the ERA (WA) has used in its recent
decisions, then the Nelson-Siegel method, as applied to observations of the DRP, will produce results
that are not statistically different from a constant DRP for all maturities. Improved models can be
obtained by using Yield and not DRP as the response variable.
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2 Terms of Reference - Review of Yield Curves and an assessment of meth-
ods used to determine the spot cost of debt

Background

The Economic Regulation Authority (Western Australia) is developing rate of return guidelines
that will form the basis of the regulated rate of return to be applied in energy network decisions.
In December 2012, the ERA (WA) published a consultation paper, which was said to be consistent
with the National Gas Law (NGL) and the National Gas Rules (NGR). The ERA (WA) released
its draft rate of return guidelines on 6th August 2013. In the new Rules, the AEMC has made
fundamental changes to the way in which the allowance for the return of debt can be determined.
Clause 87 (10) of the NGR provides that for each regulatory year of an access arrangement period,
the allowance for the return of debt can be computed in one of three different ways:

1. The return that would be required by debt investors in a benchmark efficient entity if it
raised debt at the time or shortly before the making of the distribution determination for the
regulatory control period.

2. The average return that would have been required by debt investors in a benchmark efficient
entity if it raised debt over an historical period prior to the commencement of a regulatory
year in the regulatory control period; or

3. Some combination of the returns referred to in sub-rules (a) and (b). Implicit in these consid-
erations is that the regulatory framework should encourage efficient financing practices that
the former approach did not explicitly consider.

Implicit in these considerations is that the regulatory framework should encourage efficient fi-
nancing practices, including methods which were not necessarily available for consideration un-
der previous versions of the National Gas Rules.

The calculation of the spot cost of debt, or the cost of debt at a particular point in time re-
mains an essential component of all three of the aforementioned approaches. Option one, which
is known as the rate-on-the day approach, uses an estimate of the cost of debt that is determined
over a limited number of days in advance of the commencement of a new regulatory period, or
access arrangement period. Option two calculates a form of historical average cost of debt, using
historic information on spot rates. Under option three, the base cost of debt may be estimated
separately from the debt risk premium.

United Energy and Multinet Gas (UEMG) are seeking a suitably qualified consultant to under-
take specific analysis in relation to the current cost of debt, as measured over a representative 20
to 30 day averaging period.

Scope of work

The consultant is required to undertake a detailed review of the methods that have been applied
by the ERA (WA) to determine the spot cost of debt. The methods that have been employed by
the ERA (WA) include the calculation of an arithmetic mean of the debt risk premiums (DRPs)
observed in a sample of bonds, and the derivation of “joint-weighted DRP estimates”.

In the explanatory statement which accompanied the draft rate of return guidelines, the ERA
(WA) has also presented the results from the application of Nelson-Siegel yield curve methods.
(ERA (2013a), Explanatory Statement for the Draft Rate of Return Guidelines, Meeting the requirements
of the National Gas Rules, Economic Regulation Authority (Western Australia), 6th August 2013; see
section 9.3.3, Yield Curve Fitting, page 100.) Yield curves are a tool for working out the benchmark
cost of debt corresponding to a particular term to maturity. The Nelson-Siegel model is non-linear
in the parameters and is therefore more complicated to fit than a normal regression model.
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The consultant should objectively assess the merits of the different approaches. In particular,
the consultant should:

1. Assess the statistical properties of the cost of debt estimators that have been applied at dif-
ferent times by the ERA (WA).

2. Attempt to replicate the analysis already performed by the ERA (WA), and calculate stan-
dard errors.

3. Undertake a simulation analysis and apply other methods as appropriate.

The consultant should make use of the data that has been published by the ERA (WA) in vari-
ous final decision documents. Relevant Decisions of the Australian Competition Tribunal should
also be examined. United Energy and Multinet Gas will provide information sourced from the
Bloomberg data service, if such information is required.

Timeframe

The consultant is to provide a draft report which discusses the results of the analysis by 12th
September 2013. A final report addressing any ENA comments should be provided no later than
19th September 2013.

Reporting

Jeremy Rothfield will provide the primary interface for UEMG, for the duration of the engage-
ment. The consultant will report on work progress on a regular basis. The consultant will make
periodic presentations on analysis and advice when appropriate.

The consultant may also be called upon to present analysis and advice to the ENA Cost of
Capital Subgroup.

Conflicts

The consultant is to identify any current or potential future conflicts.

Fees

The consultant is requested to submit:

• A fixed total fee for the project and hourly rates for the proposed project team should addi-
tional work be required; and

• Details of the individuals who will provide the strategic analysis and advice.

Contacts

Any questions regarding this terms of reference should be directed to:
Jeremy Rothfield,
telephone (03) 8846 9854,
or via email at Jeremy.Rothfield@ue.com.au
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3 Nelson-Siegel Model

The Nelson-Siegel model (Nelson and Siegel, 1987) can be written as

R(m) = β0 + (β1 + β2)

(
1− exp(−m/τ)

m/τ

)
− β2 exp(−m/τ)

where m is the remaining term to maturity of the bond and R(m) is the corresponding yield to matu-
rity.

The ERA (WA) used the YieldCurve (Guirreri, 2013) package in R (R Core Team, 2013) to estimate
the Nelson-Siegel model. That package uses the equivalent model specification, suggested by Diebold
and Li (2006),

yt(τ) = β0t + β1t
1− exp(−λτ)

λτ
+ β2t

(
1− exp(−λτ)

λτ
− exp(−λτ)

)
.

The equivalences between the two specifications are given below:

Nelson-Siegel YieldCurve
R(m) yt(τ)

β0 β0t
β1 β1t
β2 β2t
m τ

τ 1
λ

Note that τ is used as a parameter in the Nelson and Siegel formulation but as the Maturity in the
YieldCurve formulation. The subscript t allows the parameters to change over time but both the ERA
(WA) and us have assumed the parameters are constant and hence the subscript has been dropped in
the remaining part of this document.

The main purpose of the Nelson-Siegel analysis conducted by the ERA (WA) was to compare the
result with the joint-weighted estimation method given by

∑
i
(Maturityi)× (Issue Amounti)× (DRPi)

∑
i
(Maturityi)× (Issue Amounti)

Any estimated value should be accompanied by a standard error, in order to assess the precision
of the estimated quantity. In the following we have used bootstrap sampling in order to compare
the estimates of the DRP based on the joint-weighted approach and the Nelson-Siegel curve fitting
approach. In the bootstrap (see, for example, Efron and Tibshirani, 1993) a large number of replicate
data sets are generated by sampling with replacement from the original data set. For each of the
data sets, the statistic (in this case the joint-weighted DRP at 5 years maturity) is calculated, and the
estimated standard error of the statistic is given by the standard deviation of the estimates.

Irrespective of the Nelson-Siegel model specification, it is also important to estimate the standard
errors of the model parameters and fitted values. In most software packages this is automatically
performed, based on theoretical considerations. One shortcoming of the YieldCurve package is that
no standard errors are provided. For the Nelson-Siegel bootstrap we used model based resampling (see,
for example, Venables and Ripley, 2002, p.164). The bootstrap datasets are created by ŷi + e∗i , where
ŷi is the Nelson-Siegel fitted value for the ith observation and the e∗i are sampled with replacement
from the residuals given by ei = yi − ŷi with n = 100 bootstrap samples. Again the standard error is
estimated as the standard deviation of the calculated statistic over the bootstrap samples.
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4 A critique of the ERA’s Yield Curve Analysis

4.1 Introduction

In section 9.3.3 of the Explanatory Statement for the Draft rate of return guidelines (ERA, 2013a) the
ERA (WA) fitted the Nelson-Siegel model to data used in three recent regulatory decisions. In this
section, we try to reproduce the results given by the ERA (WA). We also undertake further analysis
and fit the Nelson-Siegel approach using the YieldCurve package. We reproduce the results of the
ERA (WA) and produce standard errors.

4.2 WAGN

The first regulatory decision was for the proposed revisions to the Western Australia Gas Network
(ERA, 2011a). A plot of the Debt Risk Premiums against Years to Maturity is given in the left hand
panel of Figure 1. The right hand panel of Figure 1 gives the plot for the data apparently analysed by
the ERA (WA). Four bonds were not used, for reasons that are not clear to us The four bonds, identified
by comparison with Figure 12 of the explanatory statement (ERA, 2013a), that have not been used2.
are given in Table 2 with the information obtained from Table 17 of ERA (2011a).
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Figure 1: Scatter plots for WAGN Decision. The left panel shows the data given in Table 17 of the
decision (ERA, 2011b), while the right panel shows the results when a more limited subset of the data
has been used to fit the Nelson-Siegel curve.

Business Bloomberg Ticker Redemption Date Maturity Yield RFR DRP
(years) (%) (%) (%)

Nexus Australia EI204253 31/08/17 6.7 9.574 5.508 4.066
Nexus Australia EI204261 31/08/19 8.7 9.648 5.577 4.071
Envestra Victoria Pty Ltd EC866427 14/10/15 4.82 6.183 5.327 0.856
DBNGP Finance Co Pty EI414656 29/09/15 4.78 8.725 5.323 3.402

Table 2: Bonds eliminated from the ERA (WA) WAGN yield curve analysis. RFR=Risk Free Rate,
DRP=Debt Risk Premium.

Table 3 gives a comparison of the ERA (WA) Nelson-Siegel parameters and ours, both obtained us-
ing the Nelson.Siegel command in the YieldCurve package. We believe that there is a typographical
error in the result given by the ERA (WA): the figure for λ̂ should be 0.0227 not 0.2266.

2If the intention was to not use the data for BBB- bonds, then the data for Leighton Finance should have been removed,
and the data for Envestra Victoria Pty. Ltd. should have been retained.
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The application of the Nelson-Siegel approach to the dataset used by the ERA in the WAGN deci-
sion produces a debt risk premium of 3.00% and not 2.83% as has been reported incorrectly in Table 11
of the explanatory statement (ERA, 2013a).

Nelson-Siegel
N β̂0 β̂1 β̂2 λ̂ DRP (%)

ERA (WA) 13 0.022 -0.347 10.913 0.2266 2.83
ESQUANT/MONASH 13 0.022 -0.347 10.913 0.0227 3.000
ESQUANT/MONASH 17 4.721 -0.151 -8.206 0.0686 2.86

Table 3: Comparison of ERA (WA) with our yield curve results for WAGN.

Table 4 gives a comparison of the DRPs at 5 years given by ERA (WA) in the explanatory state-
ment and those calculated by us using the joint-weighted averaging approach and using Nelson-Siegel
curve fitting. We have supplemented the estimates with standard errors based on bootstrap sampling.

Source Method DRP SE Robust SE
(%) (%) (%)

ERA (WA) Explanatory Statement Joint-Weighted 2.893
(ERA, 2013a, Table 11) Nelson-Siegel 2.83

ESQUANT/MONASH 13 data points Joint-Weighted 2.894 0.2 0.157
(ERA, 2011a, Table 17) Nelson-Siegel 2.996 0.279 0.289

ESQUANT/MONASH 17 data points Joint-Weighted 3.091 0.207 0.213
(ERA, 2011a, Table 17) Nelson-Siegel 2.857 0.254 0.245

Table 4: WA Gas Networks. Comparison of the DRPs at 5 years as between those given by ERA (WA)
and our calculations, based on Joint-Weighted Averaging and Nelson-Siegel curve fitting, together
with bootstrap standard errors.

The table shows that the standard errors for the joint-weighted average DRP are quite high, indi-
cating the imprecision of the DRP estimate when n = 13 or n = 17. The Nelson-Siegel standard errors
are higher still, since the method can break down with such a small number of samples. We have also
computed robust standard errors based on the median absolute deviation (see, for example, Venables
and Ripley, 2002, p.122.). The Nelson-Siegel results have slightly higher robust standard errors than
the joint-weighted average estimators.
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4.3 DBNGP

The second regulatory decision was for the proposed revisions to the access arrangement for the
Dampier to Bunbury Natural Gas Pipeline. (ERA, 2011b). A plot of the Debt Risk Premiums against
Years to Maturity, using digitized data3 from Figure 11 of the explanatory statement, is given in the
left hand panel of Figure 2. The right hand panel gives the data given in Table 36 of the decision
(ERA, 2011). There is a mismatch between the two data sets. Table 5 gives the parameter estimates
given in the explanatory statement and the estimated Debt Risk Premium at 5 years, compared to the
corresponding quantities computed with the digitized data and the data from the decision. Although
the estimated parameters are different using the digitized data, the two fitted curves are almost co-
incident and hence the estimated debt risk premium is the same. Using the data from the actual
decision document, however, gives a slightly different curve and reduced debt risk premium.
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Figure 2: Scatter plots for DBNGP Decision. The left panel shows the data given in Figure 11 of
the explanatory statement (ERA, 2013), while the right panel shows the data given in Table 36 of the
decision (ERA, 2011).

Nelson-Siegel
N β̂0 β̂1 β̂2 λ̂ DRP (%)

ERA (WA) Explanatory Statement 16 0.0197 0.334 10.60 0.0285 3.34
ESQUANT/MONASH Digitized Data 16 0.504 -0.237 9.826 0.0308 3.33

from Figure 11 of (ERA, 2013)
ESQUANT/MONASH Data from Decision 15 0.036 -0.724 12.023 0.0287 3.28

Table 5: Comparison of ERA (WA) with our yield curve results for DBNGP.

Table 6 gives a comparison of the calculated DRPs at 5 years given by ERA (WA) in the explanatory
statement and those calculated by us using the joint-weighted averaging approach and using Nelson-
Siegel curve fitting, together with bootstrap standard errors. We are unable to compute the DRP for
the joint-weighted approach using the digitized data since the bond issue sizes are unknown. Again
the Nelson-Siegel method breaks down giving large standard errors.

3The data in Figure 11 of the explanatory statement was digitized using the Java program Plot Digitizer (Humaltd, J.A.
and Steinhorst, S.S., 2013), Version 2.63.
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Source Method DRP SE Robust SE
(%) (%) (%)

ERA (WA) Explanatory Statement Joint-Weighted 3.196
(ERA, 2013a, Table 11) Nelson-Siegel 3.34

ESQUANT/MONASH Digitized Data Nelson-Siegel 3.327 0.409 0.214
(ERA, 2013a, Figure 11)

ESQUANT/MONASH Data from Decision Joint-Weighted 3.148 0.115 0.096
(ERA, 2011b, Table 36) Nelson-Siegel 3.277 1.360 0.292

Table 6: Access arrangement for DBNGP (WA). Comparison of the DRPs at 5 years as between those
given by ERA (WA) and our calculations, based on Joint-Weighted Averaging and Nelson-Siegel curve
fitting, together with bootstrap standard errors.
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4.4 Western Power

The third regulatory decision was for the proposed revisions to the access arrangement for the Western
Power Network (ERA, 2012b). A plot of the Debt Risk Premiums against Years to Maturity, using
digitized data from Figure 13 of the explanatory statement, is given in the left hand panel of Figure 3.
The right hand panel gives the data shown in Table 166 of the decision (ERA, 2012b). The two data sets
match. Table 7 gives the parameter estimates given in the explanatory statement and the estimated
Debt Risk Premium at 5 years, compared to the corresponding quantities computed with the digitized
data and the data from the decision.
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Figure 3: Scatter plots for Western Power Decision. The left panel shows the data given in Figure 13
of the explanatory statement (ERA, 2013a), while the right panel shows the data given in Table 166 of
the decision (ERA, 2012b).

Nelson-Siegel
N β̂0 β̂1 β̂2 λ̂ DRP (%)

ERA (WA) Explanatory Statement 36 2.343 -6.115 8.707 0.0725 2.82
ESQUANT/MONASH Digitized Data 36 2.344 -6.099 8.67 0.0727 2.81
ESQUANT/MONASH Data from Decision 36 2.34 -6.119 8.725 0.0725 2.82

Table 7: Comparison of ERA (WA) with our yield curve results for Western Power.

Table 8 gives a comparison of the DRPs at 5 years given by ERA (WA) in the explanatory state-
ment and those calculated by us using the joint-weighted averaging approach and using Nelson-
Siegel curve fitting, together with bootstrap standard errors. The DRP given by the ERA (WA) using
the joint-weighted average approach does not match the DRP we calculated using the data given in
the decision. The standard errors are more comparable than for the other two decisions, reflecting
the larger sample sizes. There is a bias between the joint-weighted approach and the Nelson-Siegel
approach-and, as is explained later there is a actual negative bias with the joint-weighted approach.
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Source Method DRP SE Robust SE
(%) (%) (%)

ERA (WA) Explanatory Statement Joint-Weighted 2.708
(ERA, 2013a, Table 11) Nelson-Siegel 2.82

ESQUANT/MONASH Digitized Data Nelson-Siegel 2.815 0.16 0.134
(ERA, 2013a, Figure 13)

ESQUANT/MONASH Data from Decision Joint-Weighted 2.719 0.113 0.118
(ERA, 2012b, Table 167) Nelson-Siegel 2.819 0.141 0.152

Table 8: Access arrangement for Western Power. Comparison of the DRPs at 5 years as between those
given by ERA (WA) and our calculations, based on Joint-Weighted Averaging and Nelson-Siegel curve
fitting, together with bootstrap standard errors.
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5 Estimation of the Nelson-Siegel parameters

There are a number of ways of estimating the Nelson-Siegel parameters. In this section we review and
compare the possible methods.

5.1 Nelson-Siegel approach

Nelson and Siegel (1987) suggested that non-linear least squares be used. In that method, the param-
eters are chosen so that

∑(y− ŷ)2

is minimised, where ŷ is the predicted value of the response variable (Yield or DRP in this case) which
depends on the parameters in the model. The usual approach is to use Gauss-Newton methods. How-
ever, the Nelson-Siegel model is conditionally linear, that is given the value of τ, the model is linear in
the other parameters i.e. the model can be expressed as

Yield(t) = β0 + β1X1 + β2X2

where

X1 =
1− exp(m/τ)

m/τ

and

X2 =
1− exp(−m/τ)

m/τ
− exp(−m/τ).

The method used by Nelson and Siegel (1987) is to take τ over a range of values, and for each
value calculate the other parameters using multiple regression, and to choose the τ with the smallest
residual sum of squares.

5.2 Diebold and Li Approach

Diebold and Li’s (2006) formulation can be written as a function of three components, F0, F1 and F2,
termed the ‘long-term’, ‘short-term’, and ‘medium-term’ components with

y(τ) = β0F0 + β1F1 + β2F2

with

F0 = 1

F1 =
1− exp(−λτ)

λτ

F2 =
1− exp(1− λτ)

λτ
− exp(−λτ).

Recall that τ is the term to maturity under the Diebold and Li (2006) formulation. Diebold and Li
(2006) fix λ at 0.0609 and then use linear least squares to estimate the parameters of the model. The
figure 0.0609 is obtained as the maximum of the last factor in their equation when τ is 30 months,
the term to maturity that is obtained by taking an average of the tenor of a two-year bond and of a
three-year bond4

Figure 4 shows the composite variables F0, F1, and F2 when the maximum of F2 is at 2 years, 5
years, and 10 years, respectively.

Examination of the composite variables shows the problems with estimating the parameters when
there is no data at less than two years maturity. When the maximum of the F2 composite variable is
at two years, the F1 and F2 composite varibles are very similar to each other. When the maximum of
the F2 composite variable is at 5 years, the F2 composite variable is quite flat and therefore similar to
the F0 composite variable. Finally, when the maximum of the F2 composite variable is at 10 years, the
average of the F1 and F2 composite variables is quite flat. All three cases indicate that there will be
multicollinearity problems when there is no data at less than two years maturity.

4Diebold and Li made a slight error here. The maximum at 30 months is in fact 0.0598.
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Figure 4: The three composite variables for the Diebold and Li parameterisation. The left panel shows
the composite variables where the third composite variable is a maximum at a maturity of 2 years.
The centre panel shows the composite variables where the third composite variable is a maximum at a
maturity of 5 years. The right panel shows the composite variables when the third composite variable
is a maximum at a maturity of 10 years.

5.3 Approach Used in YieldCurve package

The approach used in the YieldCurve package (Guierri, 2013) is a modification of the approach ap-
plied by Diebold and Li. Rather than use the λ value corresponding to the maximum of the last factor
in the equation with a maturity of 30 months, they take a series of maturities from the smallest ob-
served to the largest observed in steps of 0.5 months. For each of these maturities they maximise the
last factor to give a corresponding value of λ and then use linear least squares to estimate the param-
eters in the model. Finally, they take the solution with the smallest residual sum of squares which
satisfies the constraint that λ > 0 and 0 ≤ β0 ≤ 20.

A short coming of the YieldCurve package is that it is not equipped to generate standard errors.
The package also does not produce comprehensive output information showing regression diagnos-
tics, and therefore cannot provide signals about possible problems, such as multicollinearity.
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6 Profile Plots

As indicated in section 5, one way to estimate the parameters of the model is to use various values of
the λs and to compute the β parameters using linear least squares. A plot of λ against the residual
sum of squares is called a profile plot. If there were no constraints on the model parameters, then the
λ value corresponding to the minimum residual sum of squares would be the maximum likelihood
estimate.

Profile plots have been calculated for the data given in each of the three decisions. We have ignored
the constraint that λ > 0, and superimposed the corresponding estimate of β0 so we can examine the
constraint that β0 > 0.

6.1 WAGN

The profile plot for WAGN is given in Figure 5. Based on the plot the optimal value of λ, ignoring
the constraint, is negative. For small values of λ, the estimated value of β0 is negative. The positive
λ with smallest residual sum of squares and with a non-negative β0 corresponds very closely to the λ̂
value given in Table 2. i.e. λ̂ = 0.0227.
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Figure 5: Residual Sum of Squares and Estimated β0 for various values of λ: WAGN.

Table 9 gives the parameter estimates based on the 13 points used in the explanatory statement
(ERA, 2013a), using non-linear least squares and ignoring the constraints. In this case all the parame-
ters have large standard errors. An Analysis of Variance (ANOVA) is shown in Table 10. The ANOVA
table compares the null hypothesis that the relationship between the DRP and Maturity is a constant
value independent of Maturity versus the alternative hypothesis that the relationship is described by
the Nelson-Siegel model. While the residual sum of squares decreases from 9.44 (Line 1 of Table 10,
corresponding to the constant DRP model) to 8.03 (Line 2 of Table 10, corresponding to the Nelson-
Siegel model) when going from the null to the alternative model, the small F value in the table of 0.53
and the corresponding high p value of 0.6746 shows that there is no statistical justification in going
from the simpler to the more complicated model. The implications are that there is not sufficient data
to define the Nelson-Siegel curve, due to the small amount of data and the absence of observations
at less that two years maturity. Also, given that there is no statistical difference between the best-
fitting Nelson-Siegel model, ignoring the constraints, and the constant DRP model, there also will not
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be any statistical difference between the Nelson-Siegel model with the constraints, found using the
YieldCurve package, and the constant DRP model.

Figure 6 shows the fit of the model, ignoring the constraints, compared to the original fit, as well as
the joint-weighted average DRP and the equally-weighted average DRP. Note that although we have
not done so, it would be possible to fit the data using weighted non-linear least squares, if desired,
using the same weights as for the joint-weighted average.

Estimate Std. Error t value Pr(>|t|)
lambda -0.01 0.08 -0.16 0.87

beta0 -11.73 175.18 -0.07 0.95
beta1 12.84 172.03 0.07 0.94
beta2 7.09 116.64 0.06 0.95

Table 9: Parameter Estimates for non-linear least squares fit for WAGN (13 points) ignoring the con-
straints.

Res.Df Res.Sum Sq Df Sum Sq F value Pr(>F)
1 12 9.44
2 9 8.03 3 1.41 0.53 0.6746

Table 10: ANOVA Table for WAGN (13 points) compared to a constant DRP model

Years to Maturity

Y
ie

ld
 (

%
)

1

2

3

4

2 4 6 8 10

Nelson Siegel (no constraints)
Nelson Siegel (with constraints)
Joint−Weighted Average
Simple Average

Figure 6: Fitted Debt Risk Premium Curve for WAGN, ignoring the constraints (blue) and with the
constraints (magenta). The weighted average DRP (green) and the simple average DRP (red) are also
given.
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6.2 DBNGP

The profile plot for DBNGP is given in Figure 7. In this case the optimal value of λ is positive but the
corresponding β0 value is negative. The positive λ with smallest residual sum of squares and with a
non-negative β0 corresponds very closely to the λ̂ value given in Table 3, i.e. λ̂ = 0.0287.

λ

−0.10 −0.05 0.00 0.05 0.10

5.9

6.0

6.1

6.2

1

2

3

4

E
st

im
at

ed
 β

0 

Residual Sum of Squares
Estimated β0 

R
es

id
ua

l S
um

 o
f S

qu
ar

es

Figure 7: Residual Sum of Squares and Estimated β0 for various values of λ: DBNGP.

Table 11 gives the parameter estimates for the data given in the decision, ignoring the constraints.
In this case all the parameters have large standard errors, and as the Analysis of Variance shown in
Table 12 indicates, there is no statistical difference between the fitted model and the model with a
constant DRP. Figure 8 shows the fit of the model compared to the original fit.

Estimate Std. Error t value Pr(>|t|)
lambda 0.00 0.13 0.02 0.98

beta0 -353.45 36166.94 -0.01 0.99
beta1 354.64 36173.99 0.01 0.99
beta2 403.45 38381.97 0.01 0.99

Table 11: Parameter Estimates for the non-linear least squares fit for DBNGP ignoring the constraints.

Res.Df Res.Sum Sq Df Sum Sq F value Pr(>F)
1 14 6.37
2 11 5.90 3 0.46 0.29 0.8333

Table 12: ANOVA Table for DBNGP compared to a constant DRP model.
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Figure 8: Fitted Debt Risk Premium Curve for DBNGP, ignoring the constraints (blue) and with the
constraints (magenta). The weighted average DRP (green) and the simple average DRP (red) are also
given.
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6.3 Western Power

The profile plot for Western Power is given in Figure 6. In this case the optimal value of λ is negative
and corresponds to a positive β0 value. The positive λ with smallest residual sum of squares and with
a non-negative β0 corresponds very closely to the λ̂ value given in Table 6, i.e. λ̂ = 0.0295.

λ

−0.10 −0.05 0.00 0.05 0.10

13.0

13.5

14.0

14.5

1

2

3

4

E
st

im
at

ed
 β

0 

Residual Sum of Squares
Estimated β0 

R
es

id
ua

l S
um

 o
f S

qu
ar

es

Figure 9: Residual Sum of Squares and Estimated β0 for various values of λ: Western Power.

Table 13 gives the parameter estimates for the data given in the decision, ignoring the constraints.
Although λ and β are statistically signifiant, the Analysis of Variance shown in Table 14 indicates that
there is no statistical difference between the fitted model and the model with a constant DRP. Figure 10
shows the fit of the model compared to the original fit.

Estimate Std. Error t value Pr(>|t|)
lambda -0.09 0.04 -2.62 0.01

beta0 2.55 0.23 11.27 0.00
beta1 0.01 0.02 0.31 0.76
beta2 0.00 0.00 0.28 0.78

Table 13: Parameter Estimates for the non-linear least squares fit for Western Power ignoring the
constraints.

Res.Df Res.Sum Sq Df Sum Sq F value Pr(>F)
1 35 15.58
2 32 13.01 3 2.56 2.10 0.1196

Table 14: ANOVA Table for Western Power compared to a constant DRP model

6.4 Solutions on the Boundary

The best parameters for all three Nelson-Siegel models based on the YieldCurve package lie close to
a constraint boundary assuming there is a requirement that the limiting DRP for long maturities must
be positive. It should be noted that this constraint may not be particularly relevant over the range of
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Figure 10: Fitted Debt Risk Premium Curve for Western Power, relaxing the assumptions.

the data and there may be solutions that fit the data more closely over the range of the data than the
estimated model, but that do not satisfy the constraints outside the range of the data.

Another issue is that the calculation of standard errors from non-linear least squares programs
assumes that the solutions are not on the boundaries. This is a major reason that we have had to resort
to bootstrap calculations.
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7 Using the Total Cost of debt as a response variable

The ERA (WA) have used the Debt Risk Premium as the response in the Nelson-Siegel model. In this
section we use the Yield as the response, estimate the Yield at a maturity of 5 years and then subtract
the Risk Free Rate at 5 years to determine a Debt Risk Premium at 5 years.

7.1 WAGN

The profile plot for WAGN is given in Figure 11. Based on the plot the optimal value of λ, ignoring
the constraint, is negative. For small values of λ, the estimated value of β0 is negative. The positive λ
with smallest residual sum of squares and with a non-negative β0 is smaller in magnitude than the λ̂
value given in Table 3.
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Figure 11: Residual Sum of Squares and Estimated β0 for various values of λ: WAGN, using Yield as
a response.

Table 15 gives the parameter estimates for the 13 points from the data given in the decision, us-
ing non-linear least squares, ignoring the constraints, and using Yield as the response. Again, all the
parameters have large standard errors, and as the Analysis of Variance shown in Table 16 indicates,
there is no statistical difference between the fitted model and the model with a constant Yield. Fig-
ure 12 shows the fit of the model compared to the fit using the YieldCurve package.

Estimate Std. Error t value Pr(>|t|)
lambda -0.01 0.07 -0.21 0.84

beta0 -5.94 127.47 -0.05 0.96
beta1 12.02 124.42 0.10 0.93
beta2 6.14 79.35 0.08 0.94

Table 15: Parameter Estimates for non-linear least squares fit for WAGN (13 points) ignoring the con-
straints and using Yield as the response.

25



ESQUANT

��

Statistical Consulting

Res.Df Res.Sum Sq Df Sum Sq F value Pr(>F)
1 12 10.46
2 9 7.99 3 2.47 0.93 0.4654

Table 16: ANOVA Table for WAGN (13 points) compared to a constant DRP model, using Yield as the
response.
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Figure 12: Fitted Yield Curve for WAGN, ignoring the constraints.
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7.2 DBNGP

The profile plot for DBNGP is given in Figure 13. Based on the plot the optimal value of λ, ignoring the
constraint, is positive but very small. For small values of λ, the estimated value of β0 is negative. The
positive λ with smallest residual sum of squares and with a non-negative β0 is smaller in magnitude
than the λ̂ value given in Table 5.
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Figure 13: Residual Sum of Squares and Estimated β0 for various values of λ: DBNGP, using Yield as
a response.

Table 17 gives the parameter estimates for the data given in the decision, using non-linear least
squares, ignoring the constraints, and using Yield as the response. Again, all the parameters have
large standard errors, and as the Analysis of Variance shown in Table 18 indicates, there is no statistical
difference between the fitted model and the model with a constant Yield. Figure 14 shows the fit of
the model compared to the fit using the YieldCurve package.

Estimate Std. Error t value Pr(>|t|)
lambda 0.00 0.13 0.01 0.99

beta0 -907.42 146554.78 -0.01 0.99
beta1 911.93 146561.59 0.01 0.99
beta2 999.14 153066.81 0.01 0.99

Table 17: Parameter Estimates for non-linear least squares fit for DBNGP ignoring the constraints and
using Yield as the response.

Res.Df Res.Sum Sq Df Sum Sq F value Pr(>F)
1 14 7.24
2 11 5.97 3 1.27 0.78 0.5308

Table 18: ANOVA Table for DBNGP compared to a constant DRP model, using Yield as the response.
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Figure 14: Fitted Yield Curve for DBNGP, ignoring the constraints.
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7.3 Western Power

The profile plot for Western Power is given in Figure 15. Based on the plot the optimal value of λ,
ignoring the constraint, is negative. For small values of λ, the estimated value of β0 is negative. The
positive λ with smallest residual sum of squares and with a non-negative β0 is smaller in magnitude
than the λ̂ value given in Table 7.
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Figure 15: Residual Sum of Squares and Estimated β0 for various values of λ: Western Power, using
Yield as a response.

Table 19 gives the parameter estimates for the data given in the decision, using non-linear least
squares, ignoring the constraints, and using Yield as the response. Now, both λ and β0 are highly
significant, and as the Analysis of Variance shown in Table 20 indicates, there is a statistical difference
between the fitted model and the model with a constant Yield. Figure 16 shows the fit of the model
compared to the fit using the YieldCurve package.

Estimate Std. Error t value Pr(>|t|)
lambda -0.08 0.02 -3.57 0.00

beta0 4.78 0.32 14.95 0.00
beta1 0.04 0.07 0.54 0.59
beta2 0.01 0.01 0.47 0.64

Table 19: Parameter Estimates for non-linear least squares fit for Western Power ignoring the con-
straints and using Yield as the response.

Res.Df Res.Sum Sq Df Sum Sq F value Pr(>F)
1 35 17.39
2 32 12.64 3 4.75 4.01 0.0157

Table 20: ANOVA Table for Western Power compared to a constant DRP model, using Yield as the
response.
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Figure 16: Fitted Yield Curve for Western Power, ignoring the constraints.
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8 Simulation Exercise to Compare Averaging to Yield Curve Fitting

The ERA (WA) favours a joint-weighted bond yield approach to estimating the Debt Risk Premium at
5 years. According to the ERA, the application of the Nelson-Siegel model gives similar answers to the
use of a joint-weighted DRP approach, and so there is no apparent advantage in using yield curves to
estimate the debt risk premium.5 This section reports on a simulation that compares the two methods.

In the simulation we have assumed that the correct DRP vs Maturity relationship is given by the
fitted model for the Western Power bonds, given in Table 19. Note that the correct figure for the Debt
Risk Premium at 5 years is 2.72%. We assumed that there were n bonds, with n = 13, 25 and from 50
to 300 in steps of 50. Maturities were assumed to follow a lognormal distribution6 with mean on the
log scale of 1.463 and standard deviation on the log scale of 0.397. Issue amounts were assumed to
follow a lognormal distribution with mean on the log scale of 5.237 and standard deviation on the log
scale of 0.534. The values for the mean and standard deviations for Maturities and Amounts were the
sample values from the data given in the Western Power final decision. The assumed distributions are
shown in Figure 17. We also assumed that the deviations of the DRP about the assumed relationship
were distributed as a Normal distribution with mean 0% and standard deviation of 0.628%. The value
0.628% was the residual standard deviation from the fitted model. We assumed that Maturities and
Amounts were uncorrelated. For each simulation we computed the DRP using the ERA (WA) joint-
weighted bond approach, fitted the Nelson-Siegel model using the YieldCurve package and estimated
the DRP at 5 years, and also fitted a smoothing spline using the mgcv package in R and estimated the
DRP at 5 years. The steps of each simulation are given below:

1. Generate Maturities and corresponding Amounts for n bonds, using the random lognormal dis-
tribution generation in R.

2. For each of the bonds estimate the expected Yield according to the fitted equation in section 7.3.

3. For each of the bonds determine the “observed” Yield by adding random normal deviations
using the random normal distribution generation in R.

4. For each bond, calculate the Debt Risk Premium, by subtracting the risk free rate for the cor-
responding Maturity, using a linear interpolation formula developed in R using the approxfun

function, based on the maturities and risk free rates given in the Western Power final decision.

5. The joint-weighted DRP is calculated based on the Maturities, Amounts, and DRPs.

6. The Nelson-Siegel model is estimated using nls based on the “observed” Yields and generated
Maturities. The average yield at 5 years is calculated and the DRP is calculated by subtracting
the risk free rate at 5 years, based on the linear interpolation.

7. A smoothing spline model is estimated using the gam function in the mgcv package. Again the
average yield at 5 years is calculated and the DRP is calculated by subtracting the risk free rate
at 5 years, based on the linear interpolation.

We conducted 100 simulations for all three approaches. For each sample size we computed the
median DRP at 5 years, so as to give typical behaviour, and a robust standard deviation of DRPs at 5
years. The results are given in Table 21.

The correct DRP is 2.717%. For the joint-weighted bond yield approach, the Table shows that there
is a bias for all sample sizes. The effect has been noted previously in Hird (2012) and Diamond and
Brooks (2013a), amongst others, and is related to Jensen’s inequality (see, for example, Godunova,
2011):

f (λ1x1 + . . . + λnxn) ≤ λ1 f (x1) + . . . + λn f (xn)

5As has been shown in Chapter 4, the joint-weighted DRP approach delivers lower results for the DRP at 5-years across
all three of the final decisions considered.

6A random variable, X follows a lognormal distribution when log(X) follows a Normal distribution. The parameters are
the mean and standard deviation on the log scale which are estimated by the respective mean and standard deviation of the
logged data.
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Figure 17: Histograms of 100,000 simulations from the assumed Maturity (left panel) and Amount dis-
tributions (right panel). The “Issue Amount” represents the bond issue (the amount being borrowed).

where f is a convex function on a set C in (the real numbers) R, xi ∈ C, λ ≥ 0, i = 1, . . . , n and

λ1 + . . . + λn = 1.

The equality holds if and only if x1 = . . . = xn or if f is linear.
Note that when f is concave, as it is for the fitted Nelson-Siegel function for two of the three

decisions, then the sign is reversed and so

f (λ1x1 + . . . + λnxn) ≥ λ1 f (x1) + . . . + λn f (xn).

When the fitted DRP vs. maturity curve is concave, the weighted average DRP is less than the DRP at
the weighted average term to maturity. For Western Power, the curve is relatively flat up to about 5
years and then concave for longer maturities.

The precision, as measured by the standard deviation, becomes better and better as the sample size
increases. However, the bias is unaffected by the sample size.

For the Nelson-Siegel approach, once the sample size exceeds 50 there is no bias and the pre-
cision increases with sample size. The standard deviations are better than those obtained by the
joint-weighted approach, and in addition they are estimating the correct value and not getting an
increasingly acccurate estimate of the wrong quantity.

The smoothing spline results are similar to the Nelson-Siegel results but with slightly larger stan-
dard deviations.

Note that although we have assumed specific distributions for Amounts and Maturities, the im-
plications of the results are expected to apply more generally, tin other words that the Joint-Weighted
average approach is negatively biased and is not as good as the curve fitting approach when there is
sufficient data to obtain useful standard errors.

We considered undertaking simulation analysis using the data from the WAGN and DBNGP reg-
ulatory decisions. However, our analysis in section 7 found that the unconstrained, fitted, total cost of
debt curves for WAGN and DBNGP were statistically insignificant, and this was because of problems
of sample size and sample selection. Therefore, we determined that we would not be able to use the
Nelson-Siegel curves estimated from the WAGN and DBNGP datasets as valid counterfactuals.
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Joint-Weighted Average Nelson-Siegel Smoothing Spline
Median Robust SD Median Robust SD Median Robust SD

n (%) (%) (%) (%) (%) (%)
13 2.678 0.341 2.799 0.288 2.723 0.292
25 2.645 0.287 2.736 0.192 2.747 0.221
50 2.638 0.183 2.754 0.15 2.745 0.188
100 2.615 0.135 2.727 0.084 2.718 0.149
150 2.636 0.113 2.736 0.055 2.719 0.11
200 2.614 0.09 2.714 0.053 2.711 0.101
250 2.645 0.089 2.717 0.051 2.721 0.085
300 2.62 0.078 2.706 0.039 2.741 0.101

Table 21: Results of Simulation Exercise comparing joint-weighted averaging to curve fitting using
Nelson-Siegel and smoothing spline models.
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9 Conclusions

In its deliberations on the application of Nelson-Siegel methods, the ERA (WA) has opined that (ERA,
2013a, paragraph 533, page 102):

“Curve fitting is a complex issue and there are various different techniques which can be
used. The Authority considers that the small benefit from this complex technique is not
sufficient to outweigh the costs involved in carrying out the exercise.”

We do not believe that the ERA (WA) has done sufficient analysis to justify such a conclusion
being drawn. The limited work that the ERA (WA) has done on the implementation of the Nelson-
Siegel method has serious shortcomings, and has served to highlight problems with the way in which
the ERA (WA) selects its bond samples.

A more carefully constructed yield curve estimation exercise can produce estimates of the DRP
that are well-founded and robust. For evidence, the reader is referred to Diamond, Brooks, and Young
(2013b). We believe that there are considerable advantages in producing econometric estimates which
properly capture the information that is inherent in bond yields and term to maturity.

Our analysis has shown that the joint-weighted averaging approach of the ERA (WA) is biased
downwards and is not very precise. We have also found that eliminating short maturity bonds has a
deleterious effect on the properties of the Nelson-Siegel parameter estimates. However, as the sample
size increases the Nelson-Siegel estimates have far greater precision than the joint-weighted average
estimates, and they are unbiased for all sample sizes.

If the available data is confined to the limited samples that the ERA (WA) has used in its recent
decisions, then the Nelson-Siegel method, as applied to observations of the DRP, will produce results
that are not statistically different from a constant DRP for all maturities. Improved models can be
obtained by using Yield and not DRP as the response variable.
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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

M1. Hyndman, R.J, Diamond, N.T. and de Silva, A. (2004). “A review
of the methodology for identifying potential risky agents,” prepared for the
Australian Tax Office.

M2. Diamond, N.T. and Hyndman, R.J. (2005). “Sample Size for Mater-
nal and Child Heath Service Evaluation,” prepared for the Department of
Human Services.

M3. Diamond, N.T. (2005). “Analysis of Customer Satisfaction Survey
2005,” prepared for JD Macdonald.
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M4. Diamond, N.T. (2005). “Analysis of 2005 Orientation Survey,” pre-
pared for Monash Orientation.

M5. Diamond, N.T. (2005). “Analysis of Before and After and Sequential
Monadic Concept Consumer Surveys,” prepared for IMI-Research.

M6. Diamond, N.T. and Hyndman, R.J. (2005). “The Monash Experience
Questionnaire 2003: First Year Students,” prepared for CHEQ, Monash
University.

M7. Diamond, N.T. and Hyndman, R.J. (2005). “The Monash Experience
Questionnaire 2003: The Best and Worst, ” prepared for CHEQ, Monash
University.

M8. Diamond, N.T. and Hyndman, R.J. (2005). “The Monash Experience
Questionnaire 2003: The Best and Worst for First Year Students,” prepared
for CHEQ, Monash University.

M9. Diamond, N.T. (2005). “Technical Document for DUKC Uncertainty
Study,” prepared for Port of Melbourne Corporation.

M10. Diamond, N.T. (2005). “DUKC Uncertainty Study-Summary of Re-
sults,” prepared for Port of Melbourne Corporation.

M11. Diamond, N.T. (2005). “Number of Ship trials for DUKC Uncer-
tainty Study,” prepared for Port of Melbourne Corporation.

M12. Diamond, N.T. (2005). “Threshold Criteria for Touch Bottom Prob-
abilities,” prepared for Port of Melbourne Corporation.

M13. Diamond, N.T. and Hyndman, R.J. (2006). “The Monash Experience
Questionnaire 2005: The Best and Worst,” prepared for CHEQ, Monash
University.

M14. Diamond, N.T. and Hyndman, R.J. (2006). “The Monash Experience
Questionnaire 2005: The Best and Worst for First Year Students,” prepared
for CHEQ, Monash University.

M15. Diamond, N.T. and Hyndman, R.J. (2006). “The Monash Experience
Questionnaire 2005: A Statistical Analysis,” prepared for CHEQ, Monash
University.

M16. Diamond, N.T. and Hyndman, R.J. (2006). “The Monash Experience
Questionnaire 2005: 2005 vs. Pre-2005 Students,” prepared for CHEQ,
Monash University.

M17. Diamond, N.T. (2006). “Agreement of 110/116 and 111/117 items by
Consultant Physicians,” prepared for the Australian College of Consultant
Physicians.
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M18. Diamond, N.T. (2006). “Analysis of Statistical Issues regarding Cor-
nish v Municipal Electoral Tribunal, ” prepared for Agricola, Wunderlich &
Associates.

M19. Diamond, N.T. (2006). “Analysis of Parks Victoria Staff Allocation,”
prepared for Parks Victoria.

M20. Diamond, N.T. and Hyndman, R.J. (2006). “Summary of Results of
IPL Sales Forecasting Improvement Project,” prepared for Incitec Pivot.

M21. Sztendur, E.M. and Diamond, N.T. (2007) “A model for student re-
tention at Monash University”, prepared for University retention committee.

M22. Sztendur, E.M. and Diamond, N.T. (2007) “An extension to a model
for student retention at Monash University”, prepared for University review
of coursework committee.

M23. Sztendur, E.M. and Diamond, N.T. (2007) “A model for student aca-
demic performance at Monash University”, prepared for University review
of coursework committee.

M24. Diamond, N.T. (2007). “Analysis of IB student 1st year results at
Monash University 2003-2005”, prepared for VTAC.

M25. Diamond, N.T. (2008). “Effect of smoking bans on numbers of clients
utilising problem gambling counselling and problem gambling financial coun-
selling”, prepared for Department of Justice

M26. Diamond, N.T. (2008). “Development of Indices Based Approach
for Forecasting Gambling Expenditure at a Local Government Area Level”,
prepared for Department of Justice

M27. Diamond, N.T. (2008). “Orientation 2007- Analysis of Quantitative
results”, prepared for University Orientation committee.

M28. Diamond, N.T. (2008). “Orientation 2007- Analysis of Qualitative
results, prepared for University Orientation committee.

M29. Diamond, N.T. (2008). “Analysis of Clients presenting to Problem
Gambling Counselling Services-2002/03 to 2005/06”, prepared for the De-
partment of Justice.

M30. Diamond, N.T. (2008). “Analysis of Clients presenting to Problem
Gambling Financial Counselling Services-2001/02 to 2005/06”, prepared for
the Department of Justice.

M31. Diamond, N.T. (2008). “Analysis of Clients presenting to Prob-
lem Gambling Counselling and Problem Gambling Financial Counselling
Services-2006/07”, prepared for the Department of Justice.
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M32. Diamond, N.T. (2008). “The effect of changes to Electronic Gaming
Machine numbers on gambling expenditure”, prepared for the Department
of Justice.

M33. Diamond, N.T. (2009). “Adjustment of Mark Distributions”, pre-
pared for the Faculty of Law.

M34. Diamond, N.T. (2009). “Summary of Results for Dyno Nobel Sales
Forecasting Improvement Project,” prepared for Incitec Pivot.

M35. Diamond, N. and Brooks, R. (2010). “Determining the value of im-
putation credits: Multicollinearity and Reproducibility Issues”, prepared for
the Victorian Electricity Distributors.

M36. Booth, R., Diamond, N., and Brooks, R. (2010). “Financial Analysis
of Revenues and Expenditures of the AFL and of the AFL Clubs”, prepared
for the Australian Football League Players’ Association.

M37. Diamond, N. and Brooks, R. (2010). “Determining the value of im-
putation credits: Sample Selection, and Standard Errors”, prepared for the
Victorian Electricity Distributors.

M38. Diamond, N. and Brooks, R. (2010). “Determining the value of impu-
tation credits: Joint Confidence Region and Other Multicollinearity Issues”,
prepared for the Victorian Electricity Distributors.

M39. Diamond, N. and Brooks, R. (2010). “Reconstructing the Beggs and
Skeels Data Set”, prepared for the Victorian Electricity Distributors.

M40. Diamond, N. and Brooks, R. (2010). “Response to AER Final Deci-
sion”, prepared for the Victorian Electricity Distributors.

M41. Diamond, N. and Sztendur, E. (2011). “The Student Barometer
2010. Faculty Results”, prepared for Victoria University (6 reports).

M42. Diamond, N. and Sztendur, E. (2011). “The Student Barometer
2010. Campus Results”, prepared for Victoria University.

M43. Diamond, N. and Sztendur, E. (2011). “The Student Barometer
2010. Qualitative analysis of comments”, prepared for Victoria University
(17 reports).

M44. Diamond, N. and Brooks, R. (2011). ‘Review of SFG 2011 Dividend
Drop-off Study’. prepared for Gilbert and Tobin on behalf of ETSA.

M45. Diamond, N. (2011). ‘A review of “Using capture-mark-recapture
methods to estimate fire starts in the United Energy distribution area”, by
Rho Environmetrics Pty.Ltd. and John Field Consulting Pty.Ltd’, prepared
for United Energy.
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M46. Diamond, N., Brooks, R., and Macquarie, L. (2013). ‘Estimation of
Fair Value Curves’, prepared for APA Group, Envestra, Multinet Gas, and
SP AusNet.

ESQUANT Statistical Consulting

E1. Diamond, N.T. and Sztendur, E.M. (2013). “Assistance with Data
Mining”, prepared for confidential accounting firm.

E2. Diamond, N.T. (2013). “A review of NERA’s analysis of McKenzie
and Partington’s EGARCH analysis,’ prepared for Multinet Gas.

E3. Brooks, R., Diamond, N., Gray, S., and Hall, J. (2013). ‘Comparison
of Beta Estimation Techniques,’ prepared for Energy Networks Association
in conjuction with SFG Consulting and Monash University Statistical Con-
sulting Service.

R Packages (Extensions to R Programming Environment)

R1. Diamond, N.T. (2010), VizCompX, http://cran.r-project.org/web/packages/VizCompX

Professional Service

• 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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B Professor Robert Brooks
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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. 

 

Publications 
Books 

Brooks, R.D., Morley, C.L., Kam, B., Stewart, M., Diggle, J., Gangemi, M., 2003, Benefits of Road 
Investment to Assist Tourism, Austroads Incorporated, Sydney NSW Australia. 

Brooks, R.D., Fausten, D.K., 1998, Macroeconomics in the Open Economy, Longman, Melbourne Vic 
Australia. 

Book Chapters 

Iqbal, J., Brooks, R., Galagedera, D., 2011, Testing the lower partial moment asset-pricing models in 
emerging markets, in Financial Econometrics Modeling: Market Microstructure, Factor Models and 
Financial Risk Measures, eds Greg N Gregoriou and Razvan Pascalau, Palgrave Macmillan, 
Basingstoke UK, pp. 154-175. 

Booth, D., Brooks, R., 2011, Violence in the Australian Football League: Good or bad?, in Violence 
and Aggression in Sporting Contests: Economics, History and Policy, eds R Todd Jewell, Springer 
Science+Business Media, New York NY USA, pp. 133-151.  

Lim, K., Brooks, R.D., 2010, Are emerging stock markets less efficient? A survey of empirical 
literature, in Emerging Markets: Performance, Analysis and Innovation, eds Greg N Gregoriou, CRC 
Press, Boca Raton FL USA, pp. 21-38. 

Iqbal, J., Brooks, R.D., Galagedera, D.U.A., 2010, Asset pricing with higher-order co-moments and 
alternative factor models: The case of an emerging market, in Emerging Markets: Performance, 
Analysis and Innovation, eds Greg N Gregoriou, CRC Press, Boca Raton FL USA, pp. 509-531. 

Woodward, G., Brooks, R.D., 2010, The market timing ability of Australian superannuation funds: 
Nonlinearities and smooth transition models, in The Risk Modeling Evaluation Handbook: Rethinking 
Financial Risk Management Methodologies in the Global Capital Markets, eds Greg N Gregoriou, 
Christian Hoppe and Carsten S Wehn, McGraw-Hill, USA, pp. 59-73. 

Bissoondoyal-Bheenick, E., Brooks, R.D., 2010, Volatility asymmetry and leverage: Some U.S. 
evidence, in The Risk Modeling Evaluation Handbook: Rethinking Financial Risk Management 
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Methodologies in the Global Capital Markets, eds Greg N Gregoriou, Christian Hoppe and Carsten S 
Wehn, McGraw-Hill, USA, pp. 115-123. 

Dimovski, W., Brooks, R.D., 2007, Differences in underpricing returns between REIT IPOs and 
industrial company IPOs, in Advances in Quantitative Analysis of Finance and Accounting - Volume 5, 
eds Cheng-Few Lee, World Scientific, Singapore, pp. 215-225. 

Brooks, R.D., Faff, R., Fry, T.R.L., Gunn, L.D., 2005, Censoring and its impact on beta risk estimation, 
in Advances in Investment Analysis and Portfolio Management (New Issue) Volume 1, eds Cheng F. 
Lee and Alice C. Lee, Center for Pacific Basin Business, Economics, and Finance Research, New 
Jersey, pp. 111-136. 

Brooks, R.D., Merlot, E.S., 2005, Changing candidature approval processes: a review of the RMIT 
business panel review of candidature process, in Supervising postgraduate research: contexts and 
processes, theories and practices, eds Pam Green, RMIT University Press, Melbourne Vic Australia, 
pp. 178-201. 

Boucher, C., Brooks, R.D., 2005, Changing times, changing research, changing degrees: supervising 
and managing the first PhD by project undertaken in a business faculty, in Supervising postgraduate 
research: contexts and processes, theories and practices, eds Pam Green, RMIT University Press, 
Melbourne Vic Australia, pp. 73-88.  

Brooks, R.D., Faff, R.W., Fry, T.R.L., Maldonado-Rey, D., 2004, Alternative beta risk estimators in 
emerging markets: the Latin American case, in Latin American Financial Markets: Developments in 
Financial Innovations, eds H Arbelaez, R Click, Elsevier Ltd, Oxford UK, pp. 329-344. 

Brooks, R.D., Sayers, R., 2002, Trends in printed matter exports, in The International Publishing 
Services Market: Emerging Markets for Books, from Creator to Consumer, eds Bill Cope and 
Christopher Ziguras, Common Ground, Altona Vic Australia, pp. 27-38. 

Faff, R., Brooks, R.D., Tan, P.F., 2001, A test of a new dynamic CAPM, in Advances in Investment 
Analysis and Portfolio Management Volume 8, eds Cheng Few Lee, Elsevier Science, Oxford, pp. 133-
159. 

Journal Articles 

Treepongkaruna, S., Brooks, R.D., Gray, S., 2012, Do trading hours affect volatility links in the foreign 
exchange market?, Australian Journal of Management [P], vol 37, issue 1, Sage Publications Ltd, 
London UK, pp. 7-27.  

Chan, K., Treepongkaruna, S., Brooks, R., Gray, S., 2011, Asset market linkages: Evidence from 
financial, commodity and real estate assets, Journal of Banking and Finance [P], vol 35, issue 6, 
Elsevier BV, Amsterdam Netherlands, pp. 1415-1426.  

Brooks, R., 2011, CO2 emissions and economic growth: Structural breaks and market reforms in the 
case of China, The International Journal of Climate Change: Impacts and Responses [E], vol 2, issue 
3, Common Ground Publishing, Altona Vic Australia, pp. 25-36. 

Luo, W., Brooks, R., Silvapulle, P., 2011, Effects of the open policy on the dependence between the 
Chinese 'A' stock market and other equity markets: An industry sector perspective, Journal of 
International Financial Markets, Institutions and Money [P], vol 21, issue 1, Elsevier BV, Amsterdam 
Netherlands, pp. 49-74.  

Bissoondoyal-Bheenick, E., Brooks, R., Hum, X., Treepongkaruna, S., 2011, Sovereign rating changes 
and realized volatility in Asian foreign exchange markets during the Asian crisis, Applied Financial 
Economics [P], vol 21, issue 13, Routledge, Abingdon UK, pp. 997-1003.  
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Masters, T., Russell, R., Brooks, R., 2011, The demand for creative arts in regional Victoria, Australia, 
Applied Economics [P], vol 43, issue 5, Routledge, Abingdon UK, pp. 619-629.  

Lim, K., Brooks, R., 2011, The evolution of stock market efficiency over time: A survey of the 
empirical literature, Journal Of Economic Surveys [P], vol 25, issue 1, Wiley-Blackwell Publishing 
Ltd, Oxford UK, pp. 69-108.  

Guo, H., Brooks, R., Fung, H., 2011, Underpricing of Chinese initial public offerings, The Chinese 
Economy [P], vol 44, issue 5, M E Sharpe Inc, Armonk NY USA, pp. 72-85.  

Dimovski, W., Philavanh, S., Brooks, R., 2011, Underwriter reputation and underpricing: Evidence 
from the Australian IPO market, Review of Quantitative Finance and Accounting [P], vol 37, issue 4, 
Springer, Secaucus NJ USA, pp. 409-426.  

Brooks, R., Di Iorio, A., Faff, R., Fry, T., Joymungul, Y., 2010, Asymmetry and time variation in 
exchange rate exposure: An investigation of Australian stocks returns, International Journal of 
Commerce and Management [P], vol 20, issue 4, Emerald Group Publishing Ltd, UK, pp. 276-295.  

Guo, H., Brooks, R.D., Shami, R.G., 2010, Detecting hot and cold cycles using a Markov regime 
switching model-Evidence from the Chinese A-share IPO market, International Review of Economics 
and Finance [P], vol 19, issue 2, Elsevier BV, North-Holland, Netherlands, pp. 196-210.  

Bissoondoyal-Bheenick, E., Brooks, R.D., 2010, Does volume help in predicting stock returns? An 
analysis of the Australian market, Research in International Business and Finance [P], vol 24, issue 2, 
JAI Press Inc, USA, pp. 146-157.  

Iqbal, J., Brooks, R.D., Galagedera, D.U.A., 2010, Multivariate tests of asset pricing: Simulation 
evidence from an emerging market, Applied Financial Economics [P], vol 20, issue 5, Routledge, UK, 
pp. 381-395.  

Iqbal, J., Brooks, R.D., Galagedera, D.U.A., 2010, Testing conditional asset pricing models: An 
emerging market perspective, Journal of International Money and Finance [P], vol 29, issue 5, 
Pergamon, UK, pp. 897-918.  

Suntah, N., Brooks, R., 2010, The stock exchange of Mauritius: A study of segmentation versus 
integration at the regional and global level, African Journal of Accounting, Economics, Finance and 
Banking Research [P], vol 6, issue 6, Global Business Investments and Publications LLC, USA, pp. 
32-41. 

Nguyen, H., Dimovski, W., Brooks, R., 2010, Underpricing, risk management, hot issue and crowding 
out effects: Evidence from the Australian resources sector initial public offerings, Review of Pacific 
Basin Financial Markets and Policies [P], vol 13, issue 3, World Scientific Publishing Co Pte Ltd, 
Singapore, pp. 333-361.  

Hill, P., Brooks, R.D., Faff, R., 2010, Variations in sovereign credit quality assessments across rating 
agencies, Journal of Banking and Finance [P], vol 34, issue 6, Elsevier BV, North-Holland, 
Netherlands, pp. 1327-1343.  

Zhang, X., Brooks, R.D., King, M.L., 2009, A Bayesian approach to bandwidth selection for 
multivariate kernel regression with an application to state-price density estimation, Journal of 
Econometrics [P], vol 153, issue 1, Elsevier BV, North-Holland, Netherlands, pp. 21-32.  

Brooks, R.D., Fry, T.R.L., Dimovski, W., Mihajilo, S., 2009, A duration analysis of the time from 
prospectus to listing for Australian initial public offerings, Applied Financial Economics [P], vol 19, 
issue 3, Routledge, United Kingdom, pp. 183-190.  
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Lim, K., Brooks, R.D., 2009, Are Chinese stock markets efficient? Further evidence from a battery of 
nonlinearity tests, Applied Financial Economics [P], vol 19, issue 2, Routledge, United Kingdom, pp. 
147-155.  

Brooks, R.D., Faff, R., Mulino, D., Scheelings, R., 2009, Deal or no deal, that is the question: The 
impact of increasing stakes and framing effects on decision-making under risk, International Review of 
Finance [P], vol 9, issue 1-2, Wiley-Blackwell Publishing Asia, Richmond Vic Australia, pp. 27-50.  

Woodward, G., Brooks, R.D., 2009, Do realized betas exhibit up/down market tendencies?, 
International Review of Economics and Finance [P], vol 18, issue 3, Elsevier BV, North-Holland, The 
Netherlands, pp. 511-519.  

Mulino, D., Scheelings, R., Brooks, R.D., Faff, R., 2009, Does risk aversion vary with decision-frame? 
An empirical test using recent game show data, Review of Behavioral Finance [P], vol 1, issue 1-2, 
John Wiley & Sons Ltd, UK, pp. 44-61.  

Guo, H., Brooks, R.D., 2009, Duration of IPOs between offering and listing: Cox proportional hazard 
models-Evidence for Chinese A-share IPOs, International Review of Financial Analysis [P], vol 18, 
issue 5, Elsevier BV, North-Holland, Netherlands, pp. 239-249.  

Brooks, R.D., Harris, E.M., Joymungul, Y., 2009, Market depth in an illiquid market: Applying the 
VNET concept to Victorian water markets, Applied Economics Letters [P], vol 16, issue 13, 
Routledge, UK, pp. 1361-1364.  

Nandha, M.S., Brooks, R.D., 2009, Oil prices and transport sector returns: An international analysis, 
Review of Quantitative Finance and Accounting [P], vol 33, issue 4, Springer New York LLC, United 
States, pp. 393-409.  

Lim, K., Brooks, R.D., 2009, On the validity of conventional statistical tests given evidence of 
nonsynchronous trading and nonlinear dynamics in returns generating process: A further note, Applied 
Economics Letters [P], vol 16, issue 6, Routledge, United Kingdom, pp. 649-652.  

Lim, K., Brooks, R.D., 2009, Price limits and stock market efficiency: Evidence from rolling 
bicorrelation test statistic, Chaos, Solitons and Fractals [P], vol 40, issue 3, Pergamon, United 
Kingdom, pp. 1271-1276.  

Brooks, R.D., Di lorio, A., Faff, R., Wang, Y., 2009, Testing the integration of the US and Chinese 
stock markets in a Fama-French framework, Journal of economic integration [P], vol 24, issue 3, 
Sejong University, Center for International Economics, Republic of Korea, pp. 435-454. 

Lim, K., Brooks, R.D., 2009, Why do emerging stock markets experience more persistent price 
deviations from a random walk over time? A country-level analysis, Macroeconomic Dynamics [P], 
issue S1, Cambridge University Press, UK, pp. 1-39.  

Brooks, R.D., Naylor, S., 2008, An ordered probit model of Morningstar individual stock ratings, 
Applied Financial Economics Letters, vol 4, issue 5, Routledge, UK, pp. 341-345. 

Russell, R., Atchison, M., Brooks, R.D., 2008, Business plan competitions in tertiary institutions: 
Encouraging entrepreneurship education, Journal of Higher Education Policy and Management, vol 
30, issue 2, Routledge, UK, pp. 123-138. 

Jugurnath, B., Stewart, M., Brooks, R.D., 2008, Dividend taxation and corporate investment: A 
comparative study between the classical system and imputation system of dividend taxation in the 
United States and Australia, Review of Quantitative Finance and Accounting, vol 31, issue 2, Springer 
New York LLC, USA, pp. 209-224. 
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Brooks, R.D., Harris, E.M., 2008, Efficiency gains from water markets: Empirical analysis of 
Watermove in Australia, Agricultural Water Management, vol 95, issue 4, Elsevier BV, Netherlands, 
pp. 391-399. 

Brooks, R.D., Maharaj, E.A., Pellegrini, B., 2008, Estimation and analysis of the Hurst exponent for 
Australian stocks using wavelet analysis, Applied Financial Economics Letters, vol 4, issue 1, 
Routledge, UK, pp. 41-44. 

Lim, K.P., Brooks, R.D., Kim, J., 2008, Financial crisis and stock market efficiency: Empirical 
evidence from Asian countries, International Review of Financial Analysis, vol 17, issue 3, Elsevier 
BV, North-Holland, The Netherlands, pp. 571-591. 

Lim, K., Brooks, R.D., Hinich, M.J., 2008, Nonlinear serial dependence and the weak-form efficiency 
of Asian emerging stock markets, Journal of International Financial Markets, Institutions and Money, 
vol 18, issue 5, Elsevier BV, North-Holland, Netherlands, pp. 527-544. 

Galagedera, D.U.A., Maharaj, E.A., Brooks, R.D., 2008, Relationship between downside risk and 
return: New evidence through a multiscaling approach, Applied Financial Economics, vol 18, issue 20, 
Routledge, UK, pp. 1623-1633.  

Vaz, J.J., Ariff, M., Brooks, R.D., 2008, The effect of interest rate changes on bank stock returns, 
Investment Management and Financial Innovations, vol 5, issue 4, Dilovi Perspektyvy, Ukraine, pp. 
221-236. 

Fry, T.R.L., Mihajilo, S., Russell, R., Brooks, R.D., 2008, The factors influencing saving in a matched 
savings program: Goals, knowledge of payment instruments, and other behavior, Journal of Family 
and Economic Issues, vol 29, issue 2, Springer New York LLC, USA, pp. 234-250. 

Kutsuna, K., Dimovski, W., Brooks, R.D., 2008, The pricing and underwriting costs of Japanese REIT 
IPOs, Journal of Property Research, vol 25, issue 3, Routledge, United Kingdom, pp. 221-239. 

Dimovski, W., Brooks, R.D., 2008, The underpricing of gold mining initial public offerings, Research 
in International Business and Finance, vol 22, issue 1, JAI Press Inc, USA, pp. 1-16.  

Guo, H., Brooks, R.D., 2008, Underpricing of Chinese A-share IPOs and short-run underperformance 
under the approval system from 2001 to 2005, International Review of Financial Analysis, vol 17, issue 
5, Elsevier BV, North-Holland, Netherlands, pp. 984-997. 

Sokulsky, D.L., Brooks, R.D., Davidson, S., 2008, Untangling demand curves from information 
effects: Evidence from Australian index adjustments, Applied Financial Economics, vol 18, issue 8, 
Routledge, UK, pp. 605-616.  

Loh, J.Y.C., Brooks, R.D., 2008, Valuing biotechnology companies: Does classification by technology 
type help?, Journal of Commercial Biotechnology, vol 14, issue 2, Palgrave Macmillan Ltd, UK, pp. 
118-127. 

Iqbal, J., Brooks, R.D., 2007, A test of CAPM on the Karachi Stock Exchange, International Journal 
of Business, vol 12, issue 4, Premier Publishing Inc, USA, pp. 429-444. 

Iqbal, J., Brooks, R.D., 2007, Alternative beta risk estimators and asset pricing tests in emerging 
markets: The case of Pakistan, Journal of Multinational Financial Management, vol 17, issue 1, 
Elsevier BV, North-Holland, Netherlands, pp. 75-93. 

Jugurnath, B., Stewart, M., Brooks, R.D., 2007, Asia/Pacific Regional Trade Agreements: An 
empirical study, Journal of Asian Economics, vol 18, issue 6, Elsevier, Netherlands, pp. 974-987. 
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Brooks, R.D., Zhang, X., Bissoondoyal-Bheenick, E., 2007, Country risk and the estimation of asset 
return distributions, Quantitative Finance, vol 7, issue 3, Routledge, UK, pp. 261-265. 

Dimovski, W., Brooks, R.D., 2007, Factors influencing the direct costs of property trust IPOs, Pacific 
Rim Property Research Journal, vol 13, issue 1, Pacific Rim Real Estate Society, Australia, pp. 2-15. 

Galagedera, D.U.A., Brooks, R.D., 2007, Is co-skewness a better measure of risk in the downside than 
downside beta?. Evidence in emerging market data, Journal of Multinational Financial Management, 
vol 17, issue 3, Elsevier BV, North-Holland, Netherlands, pp. 214-230. 

Brooks, R.D., 2007, Power ARCH modelling of the volatility of emerging equity markets, Emerging 
Markets Review, vol 8, issue 2, Elsevier BV, North-Holland, Netherlands, pp. 124-133. 

Dimovski, W., Brooks, R.D., van Eekelen, A., 2007, The costs of raising equity capital for closed-end 
fund IPOs, Applied Economics Letters, vol 3, issue 5, Routledge, UK, pp. 295-299. 

Diggle, J., Brooks, R.D., 2007, The target cash rate and its impact on investment asset returns in 
Australia, Applied Financial Economics, vol 17, issue 8, Routledge, UK, pp. 615-633.  

Brooks, R.D., Byrne, J., 2006, A citation analysis of ARC Discovery and Linkage grant investigators in 
economics and finance, Applied Economics Letters, vol 13, issue 3, Routledge, UK, pp. 141-146. 

Jens, P., Brooks, R.D., Nicoletti, G., Russell, R., 2006, Capital raising by Australian biotechnology 
IPOs: underpricing, money left and proceeds raised, Accounting Research Journal, vol 19, issue 1, 
RMIT, Department of Economics and Finance, Melbourne Vic Australia, pp. 31-45. 

Bissoondoyal-Bheenick, E., Brooks, R.D., Yip, A.Y.N., 2006, Determinants of sovereign ratings: A 
comparison of case-based reasoning and ordered probit approaches, Global Finance Journal, vol 17, 
issue 1, Elsevier BV, North-Holland, The Netherlands, pp. 136-154.  

Dimovski, W., Brooks, R.D., 2006, Factors influencing money left on the table by property trust IPO 
issuers, Journal of Property Research, vol 23, issue 3, Routledge, UK, pp. 269-280. 

Berman, G., Brooks, R.D., Murphy, J., 2006, Funding the non-profit welfare sector: Explaining 
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TERMS OF REFERENCE – REVIEW OF YIELD CURVES AND AN ASSESSMENT OF 
METHODS USED TO DETERMINE THE SPOT COST OF DEBT 

 

Background 

The Economic Regulation Authority (Western Australia) is developing rate of return guidelines that will 
form the basis of the regulated rate of return to be applied in energy network decisions.  In December 
2012, the ERA (WA) published a consultation paper, which was said to be consistent with the National 
Gas Law (NGL) and the National Gas Rules (NGR).  The ERA (WA) released its draft rate of return 
guidelines on 6th August 2013. 

In the new Rules, the AEMC has made fundamental changes to the way in which the allowance for the 
return of debt can be determined.  Clause 87 (10) of the NGR provides that for each regulatory year of 
an access arrangement period, the allowance for the return of debt can be computed in one of three 
different ways: 

a) The return that would be required by debt investors in a benchmark efficient entity if it raised debt 
at the time or shortly before the making of the distribution determination for the regulatory control 
period. 

b) The average return that would have been required by debt investors in a benchmark efficient 
entity if it raised debt over an historical period prior to the commencement of a regulatory year in 
the regulatory control period; or 

c) Some combination of the returns referred to in sub-rules (a) and (b).  Implicit in these 
considerations is that the regulatory framework should encourage efficient financing practices 
that the former approach did not explicitly consider. 

Implicit in these considerations is that the regulatory framework should encourage efficient financing 
practices, including methods which were not necessarily available for consideration under previous 
versions of the National Gas Rules. 

The calculation of the spot cost of debt, or the cost of debt at a particular point in time remains an 
essential component of all three of the aforementioned approaches.  Option one, which is known as the 
rate-on-the day approach, uses an estimate of the cost of debt that is determined over a limited number 
of days in advance of the commencement of a new regulatory period, or access arrangement period.  
Option two calculates a form of historical average cost of debt, using historic information on spot rates.  
Under option three, the base cost of debt may be estimated separately from the debt risk premium. 
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United Energy and Multinet Gas (UEMG) are seeking a suitably qualified consultant to undertake specific 
analysis in relation to the current cost of debt, as measured over a representative 20 to 30 day averaging 
period.  

Scope of work 

The consultant is required to undertake a detailed review of the methods that have been applied by the 
ERA (WA) to determine the spot cost of debt.  The methods that have been employed by the ERA (WA) 
include the calculation of an arithmetic mean of the debt risk premiums (DRPs) observed in a sample of 
bonds, and the derivation of “joint-weighted DRP estimates”. 

In the explanatory statement which accompanied the draft rate of return guidelines, the ERA (WA) has 
also presented the results from the application of Nelson-Siegel yield curve methods1.  Yield curves are 
a tool for working out the benchmark cost of debt corresponding to a particular term to maturity.  The 
Nelson-Siegel model is non-linear in the parameters and is therefore more complicated to fit than a 
normal regression model. 

The consultant should objectively assess the merits of the different approaches.  In particular, the 
consultant should: 

(1) Assess the statistical properties of the cost of debt estimators that have been applied at different 
times by the ERA (WA).   

(2) Attempt to replicate the analysis already performed by the ERA (WA), and calculate standard 
errors. 

(3) Undertake a simulation analysis and apply other methods as appropriate. 

The consultant should make use of the data that has been published by the ERA (WA) in various final 
decision documents.  Relevant Decisions of the Australian Competition Tribunal should also be 
examined.  United Energy and Multinet Gas will provide information sourced from the Bloomberg data 
service, if such information is required. 

Timeframe 

The consultant is to provide a draft report which discusses the results of the analysis by 12th September 
2013.  A final report addressing any ENA comments should be provided by a date no later than 19th 
September 2013. 

Reporting 

Jeremy Rothfield will provide the primary interface for UEMG, for the duration of the engagement.  The 
consultant will report on work progress on a regular basis.  The consultant will make periodic 
presentations on analysis and advice when appropriate. 

The consultant may also be called upon to present analysis and advice to the ENA Cost of Capital 
Subgroup. 

Conflicts 

The consultant is to identify any current or potential future conflicts. 

                                                 
1 ERA (2013a), Explanatory Statement for the Draft Rate of Return Guidelines, Meeting the requirements of the 

National Gas Rules, Economic Regulation Authority (Western Australia), 6th August 2013; see section 9.3.3, Yield 
Curve Fitting, page 100. 
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Fees 

The consultant is requested to submit: 

 A fixed total fee for the project and hourly rates for the proposed project team should additional 
work be required; and 

 Details of the individuals who will provide the strategic analysis and advice. 

Contacts 

Any questions regarding this terms of reference should be directed to:  

Jeremy Rothfield, telephone (03) 8846 9854, or via email at Jeremy.Rothfield@ue.com.au 
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