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1. Introduction 

Parsons Brinckerhoff has been engaged by SP AusNet to assist with the determination of suitable targets 

and other attributes for the parameters of its service target performance incentive scheme (STIPS).   

The service component of SP AusNet’s STIPS will measure performance against the following parameters: 

 Average outage duration (1 sub-parameter) 

 Loss of supply event frequency (2 sub-parameters) 

 Average circuit outage rates (6 sub-parameters). 

Parsons Brinckerhoff determined a curve of best fit to SP AusNet’s reliability data from the past five years 

2008-2012 for each of the sub-parameters and calculated the standard deviation on which proposed caps 

and collars for this scheme are based. 

1.1 Approach 

Parsons Brinckerhoff used the @RISK product, a risk analysis and simulation add-in tool for Microsoft Excel, 

to determine the types of probability distribution that best fit the reliability data.   

Recognising the need to present the best fit distribution curve based on the nature of the reliability data, the 

following distribution parameters were chosen for this exercise. 

 Average outage duration data are fitted using continuous probability distributions bounded at a lower 

limit of zero 

 Loss of supply event frequency are fitted with discrete probability distributions 

 Availability rates are fitted with continuous probability distributions bounded at a lower limit of zero.  

Three key fit statistics were used to measure how well the probability distribution functions fit the input data. 

For discrete probability distributions, the Chi Squared (ChiSq) fit statistic was used. For non-discrete 

distributions, the Kolmogorov-Smirnov (K-S) and the Anderson-Darling (A-D) fit statistics were used.   

The K-S fit statistic focuses on the differences between the middle of the fitted distribution and the input data.  

The A-D fit statistic focuses on the difference between the tails of fitted distribution and input data. Where the 

input data was concentrated around the middle of a distribution curve the K-S fit statistic was used and 

where the data was near the tails the A-D fit statistic was used.  The results from both were compared in 

each case.  Where the input data was both in the middle and the tails of a distribution, the result from the 

A-D fit statistic was favoured, because the best fit of the data and the distribution curve at the tails improves 

the calculation of the scheme measures (caps and collars at one or two standard deviations). 

Once the probability distribution function of best fit was determined for each sub-parameter the standard 

deviation of the probability distribution functions were calculated. 

Because a probability distribution is being fitted to a dataset of five values only for each sub-parameter, the 

fit statistics are typically low in value and the curve of best fit is sensitive to small changes in any of the five 

values. The curve of second best fit was examined to test for any large variations in the calculated standard 

deviation that might indicate that the curve of best fit should not be used. 
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2. Results of distribution fitting 

2.1 Average outage duration 

The average outage duration is a measure of the response time to outages.  The optimal performance limit is 

close to zero, which represents an immediate response; as such a lower limit of zero is set for fitting curves 

to the data. 

The best fit using the A-D fit statistic is the Exponential distribution curve (figure 1), where the duration data 

is spread across the middle and tails of the distribution.  Table 1 shows the statistical results using other 

distributions to fit the duration data using the A-D fit statistic, where it can be seen the Erlang distribution 

curve exhibits the second best fit. 

Figure 1  Average outage duration – continuous distribution fit comparison using A-D 

 

 

Table 1  Average outage duration – statistics table for A-D 
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The best fit using the K-S fit statistic is the Triangle distribution curve (figure 2).  Table 2 illustrates other 

distribution curves fitting the outage duration data using the K-S statistics, the LogLogistic distribution curve 

exhibits the second best fit for the outage duration data. 

Figure 2  Average outage duration – continuous distribution fit comparison using K-S 

 

 

Table 2  Average outage duration – statistics table for K-S 

 

As the data concentrates about both the middle and tails of the distribution, the A-D fit has been selected 

and the curve of best fit determined as Exponential. The curve of second best fit is the Erlang curve. The 

standard deviations of the two curves are the same (97.96).  

In comparison, the standard deviation of the best K-S fit curve (Triangle) is significantly less at 68.01. The 

upper limit of the Triangle curve, however, is bounded at 290.5, which is counter intuitive to the possible 

performance outcomes. Hence the adoption of this curve to represent the data is inappropriate. 
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2.2 Loss of supply event frequency 

Losses of supply events represent discrete occurrences of failure.  In order to best fit the loss of supply 

events data, discrete distribution curves are used with equal interval binning. 

Number of events > 0.05 system minutes 

Figure 3 shows the NegBin discrete distribution curve is the best fit for the loss of supply events greater than 

0.05 systems.  Table 3 is provided to show the variation in statistics for other discrete distribution curves. 

Noting that the Chi Squared fit statistics are similar for the top three curves of best fit, and that the standard 

deviations vary widely, the curve of second best fit (Geometric) and the curve of third best fit (Poisson) were 

also examined. The standard deviations are 2.45, 2.00 and 1.41 respectively. The relatively high variation in 

standard deviations indicates some uncertainty in the curve fitting.  

The average of the three values (2.45, 2.00, 1.41) is 1.95, close to the standard deviation for the curve of 

best fit. This indicates that the standard deviation of 2.000 for the curve of best fit (NegBin) is an appropriate 

value to use in setting caps and collars.  

Figure 3  No. of events > 0.05 system minutes – best discrete distribution fit - NegBin 
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Table 3  No. of events > 0.05 system minutes – discrete distributions statistics table 
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Number of events > 0.30 system minutes 

The discrete distribution of best fit for the loss of supply events greater than 0.30 system minutes is the 

IntUniform curve, giving a standard deviation of 0.816.  Table 4 is provided to show the statistics for other 

discrete distribution curves. 

The curve of second best fit (Bionomial) has a significantly worse fit statistic – 7.2 compared to 1.6 for the 

curve of best fit – hence it has not been considered. 

Figure 4  No. of event > 0.30 system minutes – best discrete distribution fit – IntUniform 

 

Table 4  No. of events > 0.30 system minutes – discrete distributions statistics table 
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2.3 Average circuit outage rate 

Average circuit outage rates represent measures of availability for components of transmission circuits.  The 

optimal performance limit is 0%, which represents total availability for the component for the year; as such a 

lower limit of zero is set for fitting non-continuous curves to the data. 

The availability rate measures are presented based on the components and nature of availability in the 

following categories. 

Lines outage rate – fault performance 

The K-S fit statistic has the Weibull distribution curve delivering the best fit (figure 5), while using the A-D fit 

statistic, the LogLogistic curve is best fitting (figure 6). As most of the data congregate near the two tails, the 

A-D fit statistic is preferred (LogLogistic), giving a standard deviation of 0.090. 

Tables 5 and 6 present the variation in statistical fit by other distribution curves for K-S and A-D respectively. 

The standard deviations for the curve of second best fit (Pearson5) and the Weibull are 0.080 and 0.072, 

being slightly lower than for the preferred curve. 

Figure 5  Lines - fault non-continuous distribution comparison using K-S 
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Table 5  Lines – fault non-continuous distribution statistics table for K-S 

 

 

Figure 6  Lines - fault non-continuous distribution comparison using A-D 
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Table 6  Lines – fault non-continuous distribution statistics table for A-D 

 

 

Lines outage rate – forced outage performance 

The data for lines forced to be unavailable is spread across the middle and the tails of the distribution curve.  

The best fit distribution for the lines forced outage performance for both the K-S and A-D fit statistics is the 

Pearson5 distribution curve (figure 7 and 8) giving a standard deviation of 0.017.   

Tables 7 and 8 illustrate the other distribution fit statistics for the lines forced outage performance. The 

standard deviation for the curve of second best fit (InvGauss) is the same as for the curve of best fit. 

Figure 7  Lines - forced non-continuous distribution comparison using K-S 
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Table 7  Lines – forced non-continuous distribution statistics table for K-S 

 

 

Figure 8  Lines - forced non-continuous distribution comparison using A-D 
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Table 8  Lines – forced non-continuous distribution statistics table for A-D 

 

 

Reactive plant outage rate – fault performance 

Using the K-S fit statistic, the best fit distribution for reactive plant unavailability due to fault is the InvGauss 

(figure 9), while the A-D fit statistic has the Loglogistic curve as the best fit (figure 10). As the data is spread 

evenly across the middle and the tails of the distribution curve the A-D fit is preferred (LogLogistic), giving a 

standard deviation of 0.064.   

Tables 9 and 10 are provided to show the variation in fit statistics of other distribution curves. The standard 

deviation for the curve of second best fit (InvGauss) at 0.058 is not materially different. 

Figure 9  Reactive plant – fault non-continuous distribution comparison using K-S 
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Table 9  Reactive plant – fault non-continuous distribution statistics table for K-S 

 

 

Figure 10  Reactive plant – fault non-continuous distribution comparison using A-D 
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Table 10  Reactive plant – fault non-continuous distribution statistics table for A-D 

 

 

Reactive plant outage rate – forced outage performance 

Reactive plant forced unavailability data has a high representation in the middle and right tail of the 

distribution.  The best fit distribution curve for both the K-S and A-D fit statistics is the Rayleigh distribution 

curve (figures 11 and 12), giving a standard deviation of 0.076. 

Tables 11 and 12 are provided to show the variation in fit statistics of other distribution curves. The standard 

deviation for the curve of second best fit (Erlang) at 0.074 is not materially different. 

Figure 11  Reactive plant – forced non-continuous distribution comparison using K-S 
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Table 11  Reactive plant – forced non-continuous distribution statistics table for K-S 

 

Figure 12  Reactive plant – forced non-continuous distribution comparison using A-D 
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Table 12  Reactive plant – forced non-continuous distribution statistics table for A-D 

 

 

Transformers outage rate – fault performance 

The best fitting curve for Transformers unavailability caused by fault using the K-S fit statistic is the Pearson5 

distribution (figure 13) curve while the A-D fit statistic has the LogLogistic distribution curve as the best fit 

(figure 14). As the data for Transformers unavailability caused by fault data is concentrated in the middle of 

the distribution, the K-S fit statistic (Pearson5) is preferred giving a standard deviation of 0.085. 

Tables 13 and 14 show the difference in how the K-S and A-D fit statistics rated the distribution curves 

according their goodness of fit to the data range. The standard deviation for the curve of second best fit 

(Triang) is lower at 0.069, and for LogLogistic is similar at 0.089. 

Figure 13  Transformers – fault non-continuous distribution comparison using K-S 
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Table 13  Transformers – fault non-continuous distribution statistics table for K-S 

 

 

Figure 14  Transformers – fault non-continuous distribution comparison using A-D 
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Table 14  Transformers – fault non-continuous distribution statistics table for A-D 

 

 

Transformers outage rate – forced outage performance 

The data for forced unavailability of transformers is best fitted with a BetaGeneral distribution curve (figure 

15) according to the K-S fit statistic.  The A-D fit statistic has the Weibull distribution curve as the best fit 

(figure 16).  As the data is distributed across both the middle and tails of the distribution, the A-D fit statistic is 

preferred (Weibull), giving a standard deviation of 0.034. 

Tables 15 and 16 presents the variation in the distribution curve statistics between K-S and A-D fit statistics. 

The standard deviation for the curve of second best fit (Gama) is higher at 0.045 and for BetaGeneral is 

similar at 0.038. 

Figure 15  Transformers – forced non-continuous distribution comparison using K-S 
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Table 15  Transformers – forced non-continuous distribution statistics table for K-S 

 

 

Figure 16  Transformers – forced non-continuous distribution comparison using A-D 
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Table 16  Transformers – forced non-continuous distribution statistics table for A-D 
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3. Summary of findings 

Table 17 summarises the probability distribution functions that have been chosen to best fit the parameter 

data (table 18). In Parsons Brinckerhoff’s view this approach is robust and does not seem to be sensitive to 

the choice of distribution function, because the results were close for the next best fit distributions. The 

approach is also consistent with the Australian Energy Regulator’s previous regulatory decisions to use a 

curve of best fit approach. 

Table 17 Summary of best fit distributions  

Parameter Best fit distribution Standard Deviation 

Average outage duration Exponential 97.96 

No. of events >0.05 system minutes NegBin 2.000 

No. of events >0.30 system minutes IntUniform 0.816 

Lines outage rate - fault LogLogistic 0.090 

Lines outage rate - forced outage Pearson5 0.017 

Reactive plant outage rate - fault LogLogistic 0.064 

Reactive plant outage rate - forced outage Rayleigh 0.076 

Transformers outage rate - fault Pearson5 0.085 

Transformers outage rate - forced outage Weibull 0.034 

 

Table 18 Reliability Data 2008-2012  

Parameter 2008 2009 2010 2011 2012 

Average outage duration 71.5 91.8 92.5 4.0 230.0 

No. of events >0.05 system minutes 1 6 1 0 2 

No. of events >0.30 system minutes 1 2 0 0 1 

Lines outage rate - fault 20.0% 35.8% 16.8% 24.4% 32.5% 

Lines outage rate - forced outage 16.7% 12.5% 14.3% 16.8% 14.2% 

Reactive plant outage rate - fault 28.6% 35.1% 24.7% 32.5% 41.6% 

Reactive plant outage rate - forced outage 6.5% 9.1% 13.0% 24.7% 20.8% 

Transformers outage rate - fault 13.2% 27.6% 7.7% 12.6% 19.3% 

Transformers outage rate - forced outage 10.5% 15.5% 14.5% 5.0% 14.3% 

 


