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Summary

Following the disastrous fires in February 2009, the Victorian Government
introduced an ‘f-factor scheme’ to provide incentives for Distribution Net-
work Service Providers to reduce the risk of fire starts and hence reduce the
risk and damage caused by fire starts.

The Australian Energy Regulator has the responsibility of setting up
and administering the ‘f-factor scheme’, which is designed to provide in-
centives for Distribution Network Service Providers to reduce the risk of
fire starts and hence reduce the risk and damage caused by fire starts. The
target number of fire starts, which forms the basis of the ‘f-factor scheme’ is
based on an average over the last five years. For United Energy, the number
of fire starts from 2006 to 2010 was 561.

There has been a concern expressed by the distributors that the number
of fire starts recorded historically may be an underestimate, and hence the
target may be unrealistically strict. The purpose of this report is to statisti-
cally estimate the number of unreported fire starts, using an application of
a probability model for underreporting.

The probability model for underreporting has been applied to deter-
mine the (actual) total number of fire starts in the United Energy distribu-
tion region over the period from 2006 to 2010. The number of recorded fires
is 561, but the estimated number has been determined to be 940, with a 95%
confidence interval of 771 to 1369.

This result is lower than estimates obtained using Capture-Mark-recapture
methods using the United Energy data on fire starts, in conjunction with
other databases held by the Country Fire Authority (CFA), and the Metropoli-
tan Fire Brigade (MFB). Both databases from the CFA and the MFB were
filtered to ensure that only fire starts which are alleged to have been caused
by electricity distribution equipment (and infrastructure) were considered.
The results from the Capture-Mark-Recapture analysis will be documented
and reported separately.

Declaration

I confirm that, in preparing this report, I have made all inquiries that I be-
lieve are desirable and appropriate and that no matters of significance that
I regard as relevant have, to my knowledge, been witheld. I have been pro-
vided with a copy of the Federal Court’s “Guidelines for Expert Witnesses
in Proceedings in the Federal Court of Australia” and this report has been
prepared in accordance with those Guidelines.
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Introduction

Following the disastrous fires in February 2009, the Victorian Government
introduced an ‘f-factor scheme’ to provide incentives for Distribution Net-
work Service Providers to reduce the risk of fire starts and hence reduce the
risk and damage caused by fire starts.

The Australian Energy Regulator has the responsibility of setting up
and administering the scheme. For 2012 to 2015, providers will be re-
warded or penalised at a rate of $25,000 for differences in the number of
fire starts compared to their target f-factor.

The target number of fire starts is based on an average over the last five
years. For United Energy, the number of fire starts from 2006 to 2010 was
561.

There has been a concern expressed by the distributors that the number
of fire starts recorded historically may be an underestimate, and hence the
target may be unrealistically strict.1 The purpose of this report is to statisti-
cally estimate the number of unreported fire starts, using an application of
a probability model for underreporting.

Datasets

In the report I used the following datasets:

• F-Factor -Final Resubmit 200911.xls provided by United Energy.

• Monthly maximum temperature at Moorabbin Airport, from the Bu-
reau of Meterology website http://www.bom.gov.au/climate/data/.

• Monthly total rainfall at Moorabbin Airport, from the Bureau of Me-
terology website http://www.bom.gov.au/climate/data/.

Application of Negative Binomial methods

A modelling approach can be used to estimate the number of fire starts,
both recorded and unrecorded.

The model is given by Neubauer et al (2011). The model assumes that
the number of firestarts per month that are reported follows a binomial
distribution with a constant probability of a fire start being reported, π, but
with a poisson distributed number of fire starts occuring where the mean
of the poisson distribution is allowed to vary from month to month. In
other words, it is assumed that the probability of a fire start being reported

1This concern has been acknowledged by the AER in its draft determination; see section
3.5.1.
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Figure 1: Number of Recorded Fire Starts by Month
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does not vary from one month to the next, but the number of fire starts
per month does have a poisson probability distribution with the means
of the poisson distributions themselves following a gamma distribution.
Combining the distributions, the number of recorded firestarts follows a
negative binomial distribution. Based on this model, the expected number
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of actual firestarts is

exp{β0 + β1x1 + β2x2 + . . .}π−1(1 − π)−1/2

where x1, x2, . . . are explanatory variables. Maximum likelihood is used to
estimate the β parameters and the probability of reporting a fire start π.
The estimate of the number of fire starts, both recorded and unrecorded, is
given by

exp{β̂0 + β̂1x1 + β̂2x2 + . . .}π̂−1(1 − π̂)−1/2

Neubauer et al’s model focuses on the overdispersion (the excess of the
variance of the counts relative to the mean) of the counts, once the system-
atic effect of the explanatory variables is taken into account. Neubauer et
al apply the method to bicycle theft data, and the same and similar models
to shop lifting data.

The explanatory variables used were x1 = monthly maximum tempera-
ture and x2 = log(total rainfall in the previous month). Both variables were
centered.

The model was fitted by maximum likelihood. The fitted model is given
in Table 1. The model fits the data relatively well. It follows the obvious
seasonal pattern, although it does not capture the large number of firestarts
in December 2006 and February 2007. The estimated probability of a fire
start being recorded was

π̂ = 1 − (1 − (1 − exp(−.56)))2 = 0.59

and the estimated total number of fire starts, recorded and unrecorded, per
month is given by

2.64 exp(1.48 + 0.11(Temperaturet − 21.2)− 0.34 log((Rainfallt−1)/43))

giving an overall estimate of 940 over the period of 2006 to 2010. Figure 2
shows the number of recorded firestarts and in addition the estimate of the
total of the unrecorded and recorded firestarts.

The estimated probability of reporting a fire start is a non-linear func-
tion of the first parameter in the model. Similarly, the estimated num-
ber of fire starts over the years 2006 to 2010 is a non-linear function of
all the parameters in the model. However, Neubauer et al have empiri-
cally shown that the parameter estimates are approximately normally dis-
tributed and therefore it is possible to use the estimated parameters and
their variance-covariance matrix to examine how precisely the estimated
probability could be determined and to obtain an estimate of the total num-
ber of recorded and nonrecorded fire starts. This was done by simulat-
ing 1000 observations from a multivariate normal distribution with mean
equal to the estimated parameters and variance-covariance matrix equal to
the variance-covariance matrix of the parameter estimates. The estimated
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Table 1: Summary of the fitted negative binomial model. The first parame-
ter refers to a transfomation of the reporting probability; the second is the
intercept; the third is the temperature regression coefficient; the fourth is
the logged and lagged rainfall regression coefficient.

--------------------------------------------

Maximum Likelihood estimation

Newton-Raphson maximisation, 6 iterations

Return code 1: gradient close to zero

Log-Likelihood: -167.1823

4 free parameters

Estimates:

Estimate Std. error

[1,] 0.453977 0.102387

[2,] 1.481167 0.108112

[3,] 0.110620 0.016081

[4,] -0.337236 0.054588

t value Pr(> t)

[1,] 4.4339 9.254e-06 ***

[2,] 13.7002 < 2.2e-16 ***

[3,] 6.8789 6.033e-12 ***

[4,] -6.1779 6.496e-10 ***

---

Signif. codes: 0 *** 0.001 ** 0.01 * 0.05 . 0.1 1

--------------------------------------------

parameters and the variance-covariance matrix are provided by the maxi-
mum likelihood routine. For each simulation the estimated probability was
determined as well as the estimated number of fire starts. Figure 3 gives the
distribution for the probability of reporting. The 95% confidence interval
for π is given by (0.4, 0.73), obtained by computing the 2.5 and 97.5 per-
centiles. Figure 4 gives the distribution for the number of fire starts. The
95% confidence interval for the number of fire starts is (771, 1369), again
obtained by computing the 2.5 and 97.5 percentiles.

These estimates need to be confirmed by using other statistical meth-
ods, including the Capture-Mark-Recapture method. The Capture-Mark-
Recapture approach is used to estimate the number of animals in a closed
population. A sample of animals is captured, and each animal captured is
marked and then released. Another sample is taken and the proportion of
marked animals in the second sample is used to enable an estimate of the
total population size. These methods have been successfully employed in
other applications such as epidemiology, evaluation of census undercount,
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Figure 2: Number of Fire Starts by Month with fitted prediction of recorded
fire starts (red) and actual fire starts (recorded and nonrecorded-blue)
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and software testing. I have analysed the United Energy data on fire starts,
in conjunction with other databases held by the Country Fire Authority
(CFA), and the Metropolitan Fire Brigade (MFB). The estimates I have ob-
tained using the Capture-Mark-Recapture method are higher than those
derived by using the Neubauer et al approach and will be reported in a
subsequent report.
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Figure 3: Probability Fire Start Recorded based on fitted negative binomial
distribution model.
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Figure 4: Distribution of Number of Fire Starts based on fitted negative
binomial distribution model.
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Conclusions

Probability modelling has been applied to determine the (actual) total num-
ber of fire starts in the United Energy distribution region over the period
from 2006 to 2010. A modelling method has been applied because of the
systematic under-reporting of fire starts in the recorded historical data, held
by United Energy. The number of recorded fires is 561, but the estimated
number has been determined to be 940, with a 95% confidence interval of
771 to 1369.

Based on my statistical analysis, I believe that the estimate of the num-
ber of fire starts which I have obtained, 940, is most likely conservative (in
other words, low). This belief has been informed by running trials of other
statistical methods, including the Capture-Mark-Recapture method. I have
analysed the United Energy data on fire starts, in conjunction with other
databases held by the Country Fire Authority (CFA), and the Metropolitan
Fire Brigade (MFB).

Capture, Mark, Release and Recapture methods are used to estimate the
number of animals in a closed population. A sample of animals is captured,
and each animal captured is marked and then released. Another sample is
taken and the proportion of marked animals in the second sample is used
to enable an estimate of the total population size. These methods have
been successfully employed in other applications such as epidemiology,
evaluation of census undercount, and software testing.

I have applied the Rcapture package (Ballargeon and Rivest, 2007) to the
data on fire starts in the United Energy distribution region from the three
separate sources: United Energy’s own data, and the databases compiled
separately by the CFA and the MFB. The databases from the CFA and the
MFB were filtered to ensure that only fire starts which are alleged to have
been caused by electricity distribution equipment (and infrastructure) were
considered. The results from the Capture-Mark-Recapture analysis will be
documented and reported separately. I have been unable to complete the
reporting in the tight timeframe that has been made available for me to
undertake the analysis.
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United Energy DistribuUon Pty Limited 
ABN 70 064 651 029 

7th November 2011 

By email: Neii.Diamond@buseco.monash.edu.au 

Dr Neil Diamond 
Room 67 4, Building 11 E 
Department of Econometrics and Business Statistics 
Monash University 
CLAYTON VICTORIA 3800 
Australia 

Dear Dr Diamond, 

Expert report in relation to the historical data on fire starts 

UNITED ENERGY 

Pinewood Corporate Centre 
43-45 Centreway Place 
Mt Waverley VIC 3149 

P 0 Box 449 
Mt Waverley VIC 3149 

Telephone (03) 8846 9900 
Facsimile (03) 8846 9999 

Our Reference: UE.ED.07.02 

The Australian Energy Regulator is responsible for the administration and operation of the 
f-factor scheme, and has recently released a draft determination, which is to apply over the 
period from 2012 to 20151

. The scheme aims to provide incentives for Distribution Network 
Service Providers (DNSPs) to reduce the risk of fire starts, and to reduce the risk of loss or 
damage caused by fire starts2

. The scheme was developed by the Victorian Government. 

An f-factor target has been set, which has been based, in part, on the historical occurrence of 
fire starts in each distribution network (including the United Energy distribution network) over 
the period from 2006 to 2010. United Energy has examined its data and has become aware 
that there was systematic under-reporting of fire starts over the five years from 2006 to 2010. 
The distribution management system used by the business was aimed at gathering information 
on faults, with a lesser degree of effort directed towards the gathering of data on fire starts. 

An examination of the records in the distribution management system shows that evidence of 
fires and fire starts was reported in an ad hoc fashion. Inconsistent terminology has been used, 
spelling is inaccurate, and the descriptions in the text field are sometimes incomplete. The 
questions posed by SKM in relation to specific records in the UE Distribution Management 
System (OMS) are indicative of some of the problems with the historic recording of information 
pertaining to fire starts3

. 

1 AER, Draft determinations and Explanatory statement for the draft determinations, F-factor scheme 
determinations 2012-15 for Victorian electricity distribution network service providers, Australian Energy 
Regulator, 5th October 2011. 
2 Energy and Resources Legislation Amendment Bill 2010, Explanatory Memorandum, page 10. 
3 See AER- Guide to Questions- F-Factor Data Verification, questions posed by Terry Krieg, Sinclair 
Knight Merz, 2nd September 2011. 
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UNITED ENERGY 

We are aware that linesmen were not fully briefed on the methods for reporting fire starts, 
although this situation began to change in 2010. Considering the 2006 to 2010 period as a 
whole, field personnel appear to have recorded the evidence for fire starts somewhat 
sporadically. Linesmen were not obliged to note down fire-related symptoms. 

Previously, United Energy had formed the view that the reporting of pole and cross-arm fires 
from 2006 to 2010 was reasonably rigorous and well-founded. However, from a detailed 
examination of the records, and from discussions with field staff, we are confident that there 
were a number of pole fires that occurred which have not been documented. 

In future, we expect more rigorous reporting of fire starts, because additional effort has been 
expended on re-training linesmen, and a new and enhanced reporting template has been 
created. The new template provides for answers to be chosen from among a menu of 
responses. Hence, there will be less rel iance on the direct comments provided by linesmen. 

In this context, we would like you to undertake and report on the following task: 

• Review and assess the methods which have been applied by the AER in its draft 
determination to allow, and compensate for past under-recording of fire starts. 

• Analyse a number of approaches which might assist in correcting for the past under
reporting of data on fire starts. 

• Apply the methods making use of the various databases provided by United Energy. 

• Determine a result which can be used as an appropriate benchmark to be adopted by 
United Energy as its "target" under the f-factor scheme. 

Guidelines in preparing your report 

Attached are Expert Witness Guidelines issued by the Federal Court of Australia. Although this 
brief is not in the context of litigation, the Victorian electricity distribution businesses are 
seeking a rigorously prepared independent view for use in the context of regulatory decision 
making and you are requested to follow the Guidelines to the extent reasonably possible in the 
context. 

In particular, please: 

Identify your relevant area of expertise and provide a curriculum vitae setting out the details of 
that expertise: 

1.1.1. only address matters that are within your expertise; 

1.1.2. where you have used factual or data inputs please identify those inputs and the sources; 

1.1.3. if you make assumptions, please identify them as such and confirm that they are in your 
opinion reasonable assumptions to make; 

1.1.4. if you undertake empirical work, please identify and explain the methods used by you in a 
manner that is accessible to a person not expert in your field ; 

2 
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UNrrED ENERGY 

1.1 .5. confirm that you have made all the inquiries that you believe are desirable and 
appropriate and that no matters of significance that you regard as relevant have, to your 
knowledge, been withheld from your report; and 

1.1.6. please do not provide legal advocacy or argument and please do not use an 
argumentative tone. 

Yours sincerely, 

Jeremy Rothfield 
Network Regulation and Compliance Manager 
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