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1 Introduction 

This memo examines options for further development of the opex cost function used in 

benchmarking distribution network service providers (DNSP). The aims of this exercise are to 

develop options for dealing with the issue of monotonicity violations in translog (TLG) opex 

cost function models, and to identify areas for further investigation with regard to the 

specification or use of opex cost function results. It includes a brief discussion of averaging 

efficiency scores. 

1.1 Motivation 

The key issue motivating this investigation the presence of an undue number of monotonicity 

violations in some the translog opex cost function models. In the TLG specification, the 

elasticity of real variable cost with respect to each output varies with different levels of all the 

outputs (unlike the Cobb-Douglas model in which they are constant). The monotonicity 

condition requires that these elasticities of cost with respect to each output should be positive 

for all the observations. If there is a large number of violations, this warrants further 

investigation. Kumbhakar, Wang and Horncastle (2015, 107) suggest that a “number of 

factors may lead to such violations. Imposing more structure in the estimation process … 

could make the results align more with the theory”. This suggestion motivates the approach 

taken in this memo. 

It remains a question as to whether the monotonicity violations can be entirely interpreted as 

such. A short-run variable cost function typically includes a measure of the quasi-fixed capital 

stock as an explanatory variable. Economic Insights (2014) chose not to include a capital input 

variable, partly due to the data limitation of obtaining a consistent measure across 

jurisdictions, and partly due to the statistical limitation of a high degree of correlation between 

the capital input measure and the output variables. This correlation means that the omission 

of capital input, while not biasing the measures of opex efficiency, may have implications for 
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inferences concerning the output elasticities, including the interpretation of instances of 

negative output elasticities as necessarily reflecting only a monotonicity violation. This 

question may be further investigated in future opex cost function development work. 

1.2 Considerations for evaluating models 

The models presented here are compared against the base model, which is that presented in 

the draft DNSP benchmarking report and reproduced for convenience in Appendix A. The 

main considerations in evaluating alternative models are: 

• the extent to which it reduces monotonicity errors for Australian DNSPs 

• joint significance tests of groups of related explanatory variables added to a model  

• goodness-of-fit, and 

• the meaningful economic interpretation of parameters. 

For some of the estimation methods used here, conventional goodness-of-fit statistics are not 

available. To provide a common basis of comparison, we measure goodness-of-fit using the 

pseudo adjusted R2 statistic, defined as:  

 𝑎𝑑𝑗. 𝑅& = 1 − (1 − 𝑟&) -
𝑁 − 1
𝑁 − 𝑘0												 

(1) 

where r is the correlation coefficient between the actual and predicted values of the dependent 

variable; N is the number of observations; and k is the number of parameters in the model 

(including the intercept). This measure of fit penalises the addition of unnecessary explanatory 

variables. For example, the Cobb-Douglas (CD) model is more parsimonious than the TLG 

model and the adjusted R2 will tend to favour the former unless the additional explanatory 

variables in the TLG model have a strong influence.  

1.3 Some statistics for the base model 

1.3.1 Monotonicity violations 

Referring only to the base TLG models in Appendix A, a summary is presented in Table 1.1. 

For the sample period 2006 to 2021, both the LSETLG and SFATLG models produce 

monotonicity violations in just over 12 per cent of all observation and no monotonicity 

violations for observations on Australian DNSPs. This is a suitable outcome. 

For the sample period 2012 to 2021, both the LSETLG and SFATLG models produce more 

monotonicity violations than for the longer sample period. Considering the proportion of 

observations for which there are monotonicity violations for any of the outputs, there are 28.8 

per cent for the LSETLG model and 43.8 per cent for the SFATLG model over all 

observations and any output. For the Australian DNSPs’ observations, the monotonicity 
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violations account for 42.3 per cent for the LSETLG model and 65.4 per cent for the SFATLG 

model. For the LSETLG model, five Australian DNSPs have monotonicity violations in more 

than 50 per cent of all observations, and for the SFATLG model nine have monotonicity 

violations in more than 50 per cent of all observations. This is not a satisfactory outcome. 

  Table 1.1   Base TLG: Frequency of monotonicity violations: Summary 
 LSETLG model  SFATLG model 

 All obs Aust. obs  All obs Aust. obs 

2006 to 2021      

  Customer numbers 0.0% 0.0%  0.0% 0.0% 

  Circuit length 0.2% 0.0%  12.1% 0.0% 

  RMD 12.2% 0.0%  0.0% 0.0% 

  Any 12.4% 0.0%  12.1% 0.0% 
2012 to 2021      

  Customer numbers 9.6% 42.3%  18.9% 63.8% 

  Circuit length 1.5% 0.0%  7.1% 0.0% 

  RMD 17.7% 0.4%  17.9% 1.5% 

  Any 28.8% 42.3%  43.8% 65.4% 

1.3.2 Goodness-of-fit 

The goodness-of-fit measures are all quite high for models estimated using the 2006 to 2021 

sample, and the corresponding fit measures for the 2012 to 2021 period are on average at a 

similar level. Focussing on the base models for the period 2006 to 2021 only (see Appendix 

A), the LSECD model has adj.R2 = 0.977, which is slightly lower than the LSETLG model 

with adj.R2 = 0.980. The SFACD model has adj.R2 = 0.969, which is slightly higher than the 

LSETLG model with adj.R2 = 0.961. The average of the CD models’ (LSECD and SFACD) 

adjusted R2 is 0.973. The average of the TLG models’ adjusted R2 is 0.971. This suggests that, 

on average, the TLG models do not improve on the fit of the CD models. 

1.3.3 Joint significance tests 

The Base TLG specification has six additional parameters compared to the CD model, and 

we can test the statistical significance of their inclusion.  

• Using the 2006 to 2021 sample: The null hypothesis of the Wald test of the higher-order 

coefficients of the LSETLG collectively being zero is rejected (Prob > c2 = 0.0000). 

The null hypothesis of the Wald test of the higher-order coefficients of the SFATLG 

collectively being zero fails to be rejected (Prob > c2 = 0.4440).  

• Using the 2012 to 2021 sample: The null hypothesis of the Wald test of the higher-order 

coefficients of the LSETLG collectively being zero is rejected indicating that the 

higher-order coefficients are non-zero (Prob > c2 = 0.000). The null hypothesis of Wald 
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test on the higher-order coefficients of the SFATLG model is rejected (Prob > c2 = 

0.0001). 

The first of these results indicates that when the full sample is used the retained higher-order 

terms are only jointly significantly different from zero in one of the two versions of the model. 

2 Restricting the higher-order and interaction effects in the TLG models 

2.1 Approach 

Economic Insights (2021, 140–41), examined some variations to the TLG specification,  the 

most promising of which involved omitting some of the higher-order or interaction effects 

(called ‘hybrid’ models). It was found that a specification in which the squared terms applying 

to the two highly correlated outputs (customer numbers and RMD) are excluded, but the 

squared term on circuit length and the three interaction terms are retained reduced the 

frequency of the monotonicity violations for Australian DNSPs in various different sample 

periods tested. The remaining 2nd-order terms were, depending on the sample period, either 

jointly significant in both the LSE and SFA models, or jointly significant in at least one of 

those models. The fact that these terms were not jointly significant in all cases was a limitation 

of that specification. This particular hybrid specification is tested here with an additional year 

of data to see if it performs adequately in the larger sample. For our purposes this model is 

called ‘TLG-H1’. 

Another ‘hybrid’ model, which was not tested previously, is tested here, based on the 

hypothesis that, whilst there may be economies of scale when more energy is delivered through 

a fixed network, there are not necessarily economies of scale in the spatial extension of the 

energy network. Hence, this variation removes the higher-order terms relating to circuit 

length. This model will be referred to as ‘TLG-H2’.  

A third hybrid model (referred to as ‘TLG-H3’) does not include any squared log outputs and 

the only included higher-order terms are the interaction between customer numbers and RMD 

and the interaction between circuit length and RMD.  

Table 2.1 summarises the variable specifications of the three hybrid models compared to the 

base models.   
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Table 2.1   Summary of model specifications tested 

Variable Base CD Base TLG TLG-H1 TLG-H2 TLG-H3 

Cust ü ü ü ü ü 

CircLen ü ü ü ü ü 

RMD ü ü ü ü ü 

Cust*Cust  ü  ü  

Cust*CircLen  ü ü   

Cust*RMD  ü ü ü ü 

CircLen*CircLen/2  ü ü   

CircLen*RMD  ü ü  ü 

RMD*RMD/2  ü  ü  

2.2 Results 

The results of estimating the two models discussed above are presented in Appendix B. 

2.2.1 TLG-H1 model 

Table 2.2 shows a summary of the monotonicity errors for the TLG-H1 model. Both the LSE 

and SFA versions of this model produce fewer monotonicity violations over all observations, 

when the 2006 to 2021 sample is used. Between 2 and 3 per cent of observations compared to 

just over 12 per cent for the Base TLG model. They also both produce zero monotonicity 

violations for the Australian DNSPs, the same as the Base TLG models. 

When the 2012 to 2021 sample is used, these models also improve on the monotonicity results 

of the Base TLG model. For the LSE H1-TLG model only one, and for the SFA TLG-H1 

model only two, Australian DNSP have monotonicity violations for more than 50 per cent of 

their observations. 

 Table 2.2   TLG-H1: Frequency of monotonicity violations: Summary 
 LSETLG-H1  SFATLG-H1 

 All obs Aust. obs  All obs Aust. obs 

2006 to 2021      

  Customer numbers 0.0% 0.0%  0.0% 0.0% 

  Circuit length 3.0% 0.0%  2.4% 0.0% 

  RMD 0.0% 0.0%  0.0% 0.0% 

  Total 3.0% 0.0%  2.4% 0.0% 
2012 to 2021      

  Customer numbers 0.0% 0.0%  3.0% 15.4% 

  Circuit length 9.8% 7.7%  10.8% 0.0% 

  RMD 3.0% 0.0%  0.0% 0.0% 

  Total 12.8% 7.7%  13.8% 15.4% 
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As pointed out in section 1.3, the goodness-of-fit of the Base CD and TLG models are broadly 

similar. Since the fit of TLG-H1 models (which are an intermediate specification) is again 

similar. The TLG-H1 specification has four additional parameters compared to the CD model, 

and we can test the statistical significance of their inclusion.  

• Using the 2006 to 2021 sample: The null hypothesis of the Wald test of the higher-order 

coefficients of the LSETLG collectively being zero is rejected (Prob > c2 = 0.0001). 

The null hypothesis of the Wald test of the higher-order coefficients of the SFATLG 

collectively being zero fails to be rejected (Prob > c2 = 0.2905).  

• Using the 2012 to 2021 sample: The null hypothesis of the Wald test of the higher-order 

coefficients of the LSETLG collectively being zero is rejected indicating that the 

higher-order coefficients are non-zero (Prob > c2 = 0.000). The null hypothesis of Wald 

test on the higher-order coefficients of the SFATLG model is rejected (Prob > c2 = 

0.0140). 

The first of these results indicates that the full sample is used the retained higher order terms 

are only jointly significantly different from zero in one of the two versions of the model. 

2.2.2 TLG-H2 model 

Table 2.3 shows a summary of the monotonicity errors for the TLG-H2 model. Once again, 

there are fewer monotonicity violations over all observations, when the 2006 to 2021 sample 

is used. There are no monotonicity violations for the Australian DNSPs using this sample 

period, which is the same as for the Base TLG models. The number of monotonicity violations 

over all observations is less that the Base models, and is zero for the SFA version of TLG-H2. 

Table 2.3   TLG-H2: Frequency of monotonicity violations: Summary 
 LSETLG-H2  SFATLG-H2 

 All obs Aust. obs  All obs Aust. obs 

2006 to 2021      

  Customer numbers 0.0% 0.0%  0.0% 0.0% 

  Circuit length 0.0% 0.0%  0.0% 0.0% 

  RMD 8.9% 0.0%  0.0% 0.0% 

  Total 8.9% 0.0%  0.0% 0.0% 
2012 to 2021      

  Customer numbers 0.5% 0.0%  7.1% 19.2% 

  Circuit length 0.0% 0.0%  0.0% 0.0% 

  RMD 11.3% 0.0%  8.6% 0.0% 

  Total 11.7% 0.0%  15.6% 19.2% 

When the 2012 to 2021 sample is used, the TLG-H2 models improve significantly on the 

monotonicity results of the Base TLG model. For the LSE version of this model, there are no 

monotonicity violations for the Australian DNSPs compared to 42.7 per cent for the Base 
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LSETLG model. For the SFA version, there are monotonicity violations in 19.2 per cent of 

the observations for the Australian DNSPs compared to 65.3 per cent for the Base SFATLG 

model. Only two Australian DNSP have monotonicity violations for more than 50 per cent of 

their observations using the SFA version of the TLG-H2 specification. 

The TLG-H2 specification has three additional parameters compared to the CD model, and 

we can test the statistical significance of their inclusion.  

• Using the 2006 to 2021 sample: The null hypothesis of the Wald test of the higher-order 

coefficients of the LSETLG collectively being zero is rejected (Prob > c2 = 0.0000). 

The null hypothesis of the Wald test of the higher-order coefficients of the SFATLG 

collectively being zero fails to be rejected (Prob > c2 = 0.4414).  

• Using the 2012 to 2021 sample: The null hypothesis of the Wald test of the higher-order 

coefficients of the LSETLG collectively being zero is rejected indicating that the 

higher-order coefficients are non-zero (Prob > c2 = 0.000). The null hypothesis of Wald 

test on the higher-order coefficients of the SFATLG model is rejected (Prob > c2 = 

0.0019). 

Like the TLG-H1 specification, the first of these indicates when the full sample is used, that 

the retained higher order terms are only jointly significantly different from zero in one of the 

two versions of the model.  

2.2.3 TLG-H3 model 

Table 2.4 shows a summary of the monotonicity errors for the TLG-H3 model. Once again, 

there are fewer monotonicity violations over all observations, when the 2006 to 2021 sample 

is used. There are no monotonicity violations for the Australian DNSPs using this sample 

period, which is the same as for the Base TLG models. The number of monotonicity violations 

over all observations is less that the Base models, and is zero for the LSE version of TLG-H3. 

When the 2012 to 2021 sample is used, the TLG-H3 models improve considerably on the 

monotonicity results of the Base TLG model. For the LSE version of this model, there are no 

monotonicity violations for the Australian DNSPs in either the LSE or SFA versions of this 

model.  

The TLG-H3 specification has two additional parameters compared to the CD model, and we 

can test the statistical significance of their inclusion.  

• Using the 2006 to 2021 sample: The null hypothesis of the Wald test of the higher-order 

coefficients of the LSETLG collectively being zero is rejected (Prob > c2 = 0.0003). 

The null hypothesis of the Wald test of the higher-order coefficients of the SFATLG 

collectively being zero fails to be rejected (Prob > c2 = 0.0971).  
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• Using the 2012 to 2021 sample: The null hypothesis of the Wald test of the higher-order 

coefficients of the LSETLG collectively being zero is rejected indicating that the 

higher-order coefficients are non-zero (Prob > c2 = 0.001). The null hypothesis of Wald 

test on the higher-order coefficients of the SFATLG model is rejected (Prob > c2 = 

0.6786). 

Like the other two hybrid specifications, the retained higher order terms are only jointly 

significantly different from zero in one of the two versions of the model, in this case in both 

the full sample and the sample from 2012 to 2021. 

Table 2.4   TLG-H3: Frequency of monotonicity violations: Summary 
 LSETLG-H3  SFATLG-H3 

 All obs Aust. obs  All obs Aust. obs 

2006 to 2021      

  Customer numbers 0.0% 0.0%  0.0% 0.0% 

  Circuit length 0.0% 0.0%  3.3% 0.0% 

  RMD 0.0% 0.0%  0.0% 0.0% 

  Total 0.0% 0.0%  3.3% 0.0% 
2012 to 2021      

  Customer numbers 0.0% 0.0%  0.0% 0.0% 

  Circuit length 0.0% 0.0%  0.0% 0.0% 

  RMD 0.0% 0.0%  0.0% 0.0% 

  Total 0.0% 0.0%  0.0% 0.0% 

2.3 Summary conclusion 

Although the restricted models considered in this section reduce the number of monotonicity 

violations, in some cases the additional higher-order terms of the model are not jointly 

statistically significant. This must be regarded as a limitation of these hybrid models. 

For each specification, there are four models, the LSE and SFA variants, and two sample 

periods, 2006 to 2021 and 2012 to 2021. Averaging over the four models, we find the average 

number of monotonicity violations for Australian DNSPs is: (i) 5.8 per cent for the H1 models, 

(ii) 4.8 per cent for the H2 models, and (iii) zero for the H3 models. The average adjusted R2 

is: (i) 0.974 for H1, (ii) 0.975 for H2, and (iii) 0.973 for H3. 

The H2 specification has an economic rationale. A number of studies, including Roberts 

(1986) and Llorca et al (2016), have found that while there are usually economies of scale in 

expanding the volume of energy conveyed over a fixed network, they find no economies of 

scale in extension of the area supplied (total line length). The H2 specification is loosely based 

on this idea. The H2 specification provides a (very) slightly better fit than the other two models 

and keeps monotonicity violations to a reasonably low level. 
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That said, these alternative models need to be evaluated in light of their proposed application. 

In circumstances where the TLG models have too many monotonicity violations, a hybrid 

model could be used in its place when calculating the average of four econometric models. 

The H3 model produces no monotonicity violations for Australian DNSPs, and would 

therefore be usable in more circumstances. 

3 Alternative estimation methods 

We have also explored an alternative method of stochastic frontier estimation which uses 

robust regression methods. Robust regression is a method which reduces the weight given to 

extreme outliers which are otherwise overly influential on parameter estimation. The robust 

SFA estimation method we tested has been used by Wheat, Stead and Greene (2019), and 

implemented in a Stata community contributed program rfrontier produced by Alexander 

Stead.1 The model we tested differs in another important respect from the SFA methods used 

in the Base and other models presented here. The inefficiency terms are assumed to have a 

half-normal distribution rather than a truncated normal distribution. The robust SFA 

estimator we tested assumes that the stochastic residual has a Student’s t distribution, and the 

‘true’ underlying stochastic disturbance is Normally distributed. 

Robust regression methods could presumably also be used as an alternative to the least-squares 

estimator (LSE), with the most comparable methods being an M-estimator or MM-estimator 
which use maximum likelihood methods. This approach has not been tested. We would need 
to undertake further investigation into the statistical properties of the efficiency scores obtained 

via fixed effects within the context of a robust regression method.  

We do not report the detailed SFATLG robust regression results in this memo, but highlight 

the following preliminary findings: 

• It produced no monotonicity violations of Australian DNSPs in either the 2006 to 2021 

sample or in the 2012 to 2021 data sample. The only monotonicity violations were for 

NZ DNSPs and related to the RMD output.  

• The higher-order terms were jointly statistically significant using either the 2006 to 

2021 sample, or the 2012 to 2021 sample. 

These results suggest that the robust SFA method may be a promising area for investigation. 

They may suggest that extreme outliers have some influence on the incidence of monotonicity 

violations. That said, we note that in regard to robust regression in general, there are several 

different methods, and often require judgement in the use of ‘tuning parameters’, and the 

specific preferred method may be difficult to justify in a contested context. In regard to the 

                                                   
1 https://github.com/AlexStead/rfrontier. 
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SFA robust regression method in particular, we note many issues that would limit its 

application to the opex cost function, at least at present: 

• The rfrontier program does not have the option of using the truncated normal 

distribution for inefficiency terms, which is the preferred assumption used to date in 

SFA analysis. The half-normal distribution assumption is more restrictive. 

• It is a quite new method and hence not as thoroughly tried and proven a technique as 

would be necessary for a method used in a regulatory application. 

4 Conclusions and comment on averaging efficiency scores 

The analysis of hybrid model options has been examined and some feasible options have been 

identified. The TLG-H1 specification substantially reduces the number of monotonicity 

violations compared to the base model. The TLG-H2, which removes the higher-order terms 

relating to circuit length, reduces the monotonicity violations on balance more than the TLG-

H1 specification, and it has no monotonicity violations for Australian DNSPs in the LSETLG-

H2 model using the sample 2012 to 2021. The TLG-H3 specification, which has no squared 

log outputs and includes interactions between customer numbers and RMD and between 

circuit length and RMD, has no monotonicity violations for Australian DNSPs in both the 

LSE and SFA versions using the sample 2012 to 2021. 

In circumstances where the Base TLG models have too many monotonicity violations, one of 

these hybrid models could be used in its place when calculating the average of four 

econometric models. When making such a substitution, a model with the corresponding 

estimation technique should be used. For example, if the Base LSETLG model has too many 

monotonicity violations, the efficiency score obtained from the LSE version of the hybrid 

model should be used in its place (eg, LSETLG-H3). An efficiency score from an SFA hybrid 

model should not be substituted for an efficiency score from the LSETLG model, and vice 

versa. 

An approach based on ‘robust regression’ has been tested. Whilst this is a promising line of 

investigation in future, it would be premature to use this method at the present time. 
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Appendix A: Base Model 

The models presented here are the same as those presented in Appendix C of the Draft Report. 

A1    Sample 2006 to 2021 

Table A.1   Base CD: DNSP Opex cost function (2006–2021) 
 LSECD  SFACD 

Variable Coefficient SE t–ratio  Coefficient SE t–ratio 

ln(Custnum)=y1 0.593 0.067 8.895  0.419 0.077 5.441 

ln(CircLen)=y2 0.153 0.029 5.266  0.105 0.040 2.592 

ln(RMDemand)=y3 0.228 0.061 3.740  0.450 0.065 6.869 

ln(ShareUGC) -0.149 0.023 -6.493  -0.186 0.032 -5.870 

Year 0.011 0.002 6.881  0.013 0.001 14.168 

Country indicators:        

    New Zealand -0.218 0.139 -1.563  0.218 0.091 2.388 

    Ontario -0.069 0.138 -0.503  0.223 0.071 3.131 

DNSP indicators:        

    AGD 0.012 0.187 0.066     

    CIT -0.660 0.160 -4.127     

    END -0.230 0.157 -1.462     

    ENX -0.248 0.149 -1.665     

    ERG -0.165 0.166 -0.993     

    ESS -0.297 0.172 -1.727     

    JEN -0.339 0.161 -2.100     

    PCR -0.732 0.156 -4.684     

    SAP -0.496 0.156 -3.167     

    AND -0.416 0.154 -2.694     

    TND -0.470 0.165 -2.853     

    UED -0.522 0.159 -3.290     

Constant -12.776 3.333 -3.833  -17.315 1.903 -9.097 

μ     0.332 0.061 5.410 

σu2     0.042 0.011 3.71 

σv2     0.014 0.001 22.41 

Tot.	output	elast.	 0.974 0.011 91.44  0.974 0.025 39.79 

N	 1074    1074   

Adj. R2 0.977    0.969   
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Table A.2   Base TLG: DNSP Opex cost function (2006–2021) 
 LSETLG  SFATLG 

Variable Coefficient SE t–ratio  Coefficient SE t–ratio 

ln(Custnum)=y1 0.431 0.072 6.008  0.463 0.081 5.731 

ln(CircLen)=y2 0.165 0.030 5.517  0.082 0.052 1.562 

ln(RMDemand)=y3 0.361 0.060 6.065  0.430 0.074 5.814 

y1*y1/2 -0.599 0.472 -1.268  0.268 0.461 0.581 

y1*y2 0.299 0.114 2.622  -0.126 0.115 -1.095 

y1*y3 0.232 0.364 0.637  -0.209 0.380 -0.549 

y2*y2/2 -0.014 0.041 -0.335  0.048 0.061 0.781 

y2*y3 -0.256 0.092 -2.789  0.128 0.100 1.275 

y3*y3/2 0.109 0.282 0.388  0.047 0.317 0.148 

ln(ShareUGC) -0.134 0.027 -5.031  -0.172 0.040 -4.254 

Year 0.013 0.002 7.842  0.013 0.001 11.068 

Country indicators:        

    New Zealand -0.320 0.132 -2.416  0.277 0.093 2.964 

    Ontario -0.205 0.131 -1.560  0.195 0.084 2.322 

DNSP indicators:        

    AGD -0.087 0.189 -0.460     

    CIT -0.695 0.153 -4.554     

    END -0.365 0.154 -2.375     

    ENX -0.358 0.150 -2.392     

    ERG -0.330 0.179 -1.848     

    ESS -0.532 0.185 -2.881     

    JEN -0.219 0.161 -1.356     

    PCR -0.862 0.154 -5.613     

    SAP -0.662 0.157 -4.223     

    AND -0.469 0.152 -3.081     

    TND -0.531 0.158 -3.365     

    UED -0.425 0.163 -2.609     

Constant -15.545 3.288 -4.728  -15.874 2.305 -6.888 

μ     0.278 0.116 2.39 

σu2     0.074 0.038 1.934 

σv2     0.014 0.001 21.922 

Tot.	output	elast. 0.957 0.012 81.72  0.974 0.035 27.76 

N 1074    1074   

Adj. R2 0.980    0.961   
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Table A.3   Base TLG: Average DNSP output elasticities by country (2006–2021) 
  LSETLG model   SFATLG model 

Sample 
Customer 
numbers 

Circuit 
length 

RMD 
Customer 
numbers 

Circuit 
length 

RMD 

Australia 0.343 0.252 0.445 0.337 0.170 0.391 

New Zealand 0.663 0.208 0.061 0.450 0.059 0.546 

Ontario 0.339 0.109 0.492 0.516 0.062 0.381 

Full sample 0.431 0.165 0.361 0.463 0.082 0.430 

 

Table A.4   Base TLG: Frequency of monotonicity violations by country (2006–2021) 
  LSETLG model   SFATLG model  

Sample 
Customer 
numbers 

Circuit   
length RMD 

Customer 
numbers 

Circuit 
length RMD 

Australia 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

New Zealand 0.0% 0.0% 43.1% 0.0% 14.8% 0.0% 

Ontario 0.0% 0.4% 0.0% 0.0% 15.1% 0.0% 

Full sample 0.0% 0.2% 12.2% 0.0% 12.1% 0.0% 

Table A.5   Base TLG: Frequency of monotonicity violations by Aust. DNSP (2006-2021) 
  LSETLG model   SFATLG model  

Sample 
Customer 
numbers 

Circuit length RMD 
Customer 
numbers 

Circuit length RMD 

EVO 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AGD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

CIT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

END 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ENX 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ERG 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ESS 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

JEN 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

PCR 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

SAP 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

TND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

UED 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Total (Aust.) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
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Opex cost function development 

A2   Sample 2012 to 2021 

Table A.6   Base CD: DNSP Opex cost function (2012–2021) 
 LSECD  SFACD 

Variable Coefficient SE t–ratio  Coefficient SE t–ratio 

ln(Custnum)=y1 0.609 0.073 8.341  0.436 0.101 4.332 

ln(CircLen)=y2 0.179 0.031 5.820  0.201 0.051 3.952 

ln(RMDemand)=y3 0.193 0.070 2.749  0.323 0.093 3.491 

ln(ShareUGC) -0.152 0.026 -5.954  -0.098 0.044 -2.260 

Year 0.004 0.003 1.556  0.005 0.002 2.998 

Country indicators:        

    New Zealand -0.225 0.174 -1.295  0.112 0.096 1.175 

    Ontario -0.061 0.172 -0.355  0.241 0.090 2.661 

DNSP indicators:        

    AGD -0.045 0.214 -0.211     

    CIT -0.585 0.188 -3.119     

    END -0.283 0.187 -1.512     

    ENX -0.256 0.183 -1.401     

    ERG -0.255 0.195 -1.303     

    ESS -0.322 0.199 -1.618     

    JEN -0.344 0.189 -1.827     

    PCR -0.782 0.185 -4.231     

    SAP -0.478 0.184 -2.595     

    AND -0.387 0.181 -2.137     

    TND -0.500 0.201 -2.492     

    UED -0.547 0.191 -2.857     

Constant 2.130 5.184 0.411  -0.418 3.353 -0.125 

μ     0.335 0.061 5.53 

σu2     0.036 0.009 3.937 

σv2     0.011 0.001 17.278 

Tot.	output	elast.	 0.981 0.012 83.52  0.960 0.023 41.16 

N	 666    666   

Adj. R2 0.979    0.974   
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Opex cost function development 

Table A.7    Base TLG: DNSP Opex cost function (2012–2021) 
 LSETLG  SFATLG 

Variable Coefficient SE t–ratio  Coefficient SE t–ratio 

ln(Custnum)=y1 0.394 0.077 5.101  0.384 0.118 3.263 

ln(CircLen)=y2 0.208 0.030 7.021  0.202 0.054 3.736 

ln(RMDemand)=y3 0.358 0.064 5.576  0.388 0.104 3.726 

y1*y1/2 -0.922 0.542 -1.702  -1.526 0.641 -2.380 

y1*y2 0.286 0.124 2.310  0.404 0.168 2.408 

y1*y3 0.483 0.413 1.170  0.856 0.504 1.699 

y2*y2/2 0.043 0.042 1.023  0.045 0.077 0.590 

y2*y3 -0.298 0.099 -3.024  -0.406 0.129 -3.138 

y3*y3/2 -0.033 0.316 -0.105  -0.289 0.414 -0.698 

ln(ShareUGC) -0.116 0.026 -4.540  -0.080 0.051 -1.557 

Year 0.006 0.002 2.579  0.006 0.002 3.625 

Country indicators:        

    New Zealand -0.363 0.155 -2.345  -0.035 0.116 -0.304 

    Ontario -0.205 0.154 -1.331  0.090 0.098 0.915 

DNSP indicators:        

    AGD -0.062 0.202 -0.307     

    CIT -0.649 0.169 -3.835     

    END -0.391 0.171 -2.289     

    ENX -0.293 0.171 -1.709     

    ERG -0.480 0.195 -2.459     

    ESS -0.572 0.202 -2.834     

    JEN -0.165 0.176 -0.937     

    PCR -0.851 0.172 -4.932     

    SAP -0.625 0.173 -3.604     

    AND -0.339 0.172 -1.970     

    TND -0.568 0.181 -3.132     

    UED -0.373 0.182 -2.052     

Constant -2.317 4.889 -0.474  -3.408 3.615 -0.943 

μ     0.432 0.086 5.02 

σu2     0.036 0.011 3.364 

σv2     0.010 0.001 16.308 

Tot.	output	elast. 0.961 0.012 77.69  0.973 0.031 31.76 

N 666    666   

Adj. R2 0.983    0.971   
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Opex cost function development 

Table A.8   Base TLG: Average DNSP output elasticities by country (2012–2021) 
  LSETLG model   SFATLG model 

Sample 
Customer 
numbers 

Circuit 
length 

RMD 
Customer 
numbers 

Circuit 
length 

RMD 

Australia 0.102 0.318 0.582 -0.149 0.352 0.641 

New Zealand 0.604 0.303 0.025 0.664 0.320 0.020 

Ontario 0.389 0.114 0.458 0.430 0.081 0.494 

Full sample 0.394 0.208 0.358 0.384 0.202 0.388 

Table A.9   Base TLG: Frequency of monotonicity violations by country (2012–2021) 
  LSETLG model   SFATLG model  

Sample 
Customer 
numbers 

Circuit   
length RMD 

Customer 
numbers 

Circuit 
length RMD 

Australia 42.3% 0.0% 0.0% 63.8% 0.0% 1.5% 

New Zealand 0.5% 0.0% 56.8% 5.8% 0.0% 56.3% 

Ontario 2.3% 2.9% 2.9% 9.2% 13.6% 2.9% 

Full sample 9.6% 1.5% 17.7% 18.9% 7.1% 17.9% 

Table A.10    Base TLG: Frequency of monotonicity violations by Aust. DNSP (2012-2021) 
  LSETLG model   SFATLG model  

Sample Customer 
numbers 

Circuit length RMD Customer 
numbers 

Circuit length RMD 

EVO 0.0% 0.0% 0.0% 70.0% 0.0% 0.0% 

AGD 100.0% 0.0% 0.0% 100.0% 0.0% 0.0% 

CIT 100.0% 0.0% 0.0% 100.0% 0.0% 0.0% 

END 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 

ENX 100.0% 0.0% 0.0% 100.0% 0.0% 0.0% 

ERG 0.0% 0.0% 0.0% 0.0% 0.0% 20.0% 

ESS 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

JEN 100.0% 0.0% 0.0% 100.0% 0.0% 0.0% 

PCR 0.0% 0.0% 0.0% 60.0% 0.0% 0.0% 

SAP 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AND 50.0% 0.0% 0.0% 100.0% 0.0% 0.0% 

TND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

UED 100.0% 0.0% 0.0% 100.0% 0.0% 0.0% 

Total (Aust.) 42.3% 0.0% 0.0% 63.8% 0.0% 1.5% 
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Opex cost function development 

Appendix B: Restricted or Modified Translog Models 

B1    TLG-H1 

B1.1    Sample 2006 to 2021 

Table B.1   TLG-H1: DNSP Opex cost function (2006–2021) 
 LSETLG-H1  SFATLG-H1 

Variable Coefficient SE t–ratio  Coefficient SE t–ratio 

ln(Custnum)=y1 0.581 0.071 8.18  0.435 0.077 5.68 

ln(CircLen)=y2 0.144 0.031 4.60  0.084 0.051 1.62 

ln(RMDemand)=y3 0.232 0.061 3.80  0.456 0.069 6.56 

y1*y2 0.006 0.051 0.12  -0.027 0.051 -0.53 

y1*y3 0.086 0.020 4.23  -0.061 0.038 -1.61 

y2*y2/2 0.085 0.040 2.11  0.025 0.057 0.43 

y2*y3 -0.100 0.048 -2.08  0.050 0.051 0.98 

ln(ShareUGC) -0.103 0.029 -3.62  -0.183 0.039 -4.73 

Year 0.011 0.002 6.38  0.013 0.001 13.09 

Country indicators:        

    New Zealand -0.273 0.150 -1.83  0.274 0.094 2.90 

    Ontario -0.124 0.148 -0.84  0.187 0.083 2.27 

DNSP indicators:        

    AGD -0.219 0.212 -1.03     

    CIT -0.753 0.172 -4.38     

    END -0.343 0.173 -1.99     

    ENX -0.420 0.169 -2.49     

    ERG -0.212 0.200 -1.06     

    ESS -0.431 0.205 -2.10     

    JEN -0.347 0.174 -2.00     

    PCR -0.783 0.172 -4.54     

    SAP -0.596 0.175 -3.40     

    AND -0.470 0.171 -2.75     

    TND -0.414 0.177 -2.34     

    UED -0.589 0.174 -3.38     

Constant -11.675 3.428 -3.41  -16.899 2.028 -8.33 

μ     0.287 0.103 2.78 

σu2     0.067 0.032 0.00 

σv2     0.014 0.001 0.01 

Tot.	output	elast.	 0.957 0.013 74.78  0.975 0.033 29.38 

N	 1,074    1,074   

Adj. R2 0.978    0.963   
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Opex cost function development 

Table B.2   TLG-H1: Average DNSP output elasticities by country (2006–2021) 
  LSETLG-H1   SFATLG-H1 

Sample 
Customer 
numbers 

Circuit 
length 

RMD 
Customer 
numbers 

Circuit 
length 

RMD 

Australia 0.743 0.161 0.183 0.272 0.173 0.446 

New Zealand 0.511 0.250 0.154 0.479 0.064 0.505 

Ontario 0.559 0.080 0.293 0.472 0.061 0.432 

Full sample 0.581 0.144 0.232 0.435 0.084 0.456 

Table B.3   TLG-H1: Frequency of monotonicity violations by country (2006–2021) 
  LSETLG-H1   SFATLG-H1  

Sample 
Customer 
numbers 

Circuit   
length RMD 

Customer 
numbers 

Circuit 
length RMD 

Australia 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

New Zealand 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Ontario 0.0% 5.7% 0.0% 0.0% 4.6% 0.0% 

Full sample 0.0% 3.0% 0.0% 0.0% 2.4% 0.0% 

Table B.4   TLG-H1: Frequency of monotonicity violations by Aust. DNSP (2006-2021) 
  LSETLG-H1   SFATLG-H1  

Sample 
Customer 
numbers 

Circuit  
length 

RMD 
Customer 
numbers 

Circuit  
length 

RMD 

EVO 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AGD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

CIT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

END 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ENX 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ERG 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ESS 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

JEN 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

PCR 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

SAP 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

TND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

UED 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Total (Aust.) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
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Opex cost function development 

B1.2    Sample 2012 to 2021 

Table B.5   TLG-H1: DNSP Opex cost function (2012–2021) 
 LSETLG-H1  SFATLG-H1 

Variable Coefficient SE t–ratio  Coefficient SE t–ratio 

ln(Custnum)=y1 0.619 0.076 8.19  0.517 0.107 4.81 

ln(CircLen)=y2 0.171 0.032 5.40  0.201 0.051 3.96 

ln(RMDemand)=y3 0.175 0.068 2.58  0.255 0.092 2.78 

y1*y2 -0.082 0.058 -1.40  -0.186 0.063 -2.93 

y1*y3 0.117 0.021 5.61  0.061 0.040 1.50 

y2*y2/2 0.162 0.043 3.80  0.219 0.065 3.38 

y3*y3 -0.090 0.051 -1.77  -0.003 0.060 -0.05 

ln(ShareUGC) -0.090 0.030 -3.04  -0.045 0.049 -0.92 

Year 0.003 0.003 1.25  0.004 0.002 2.27 

Country indicators:        

    New Zealand 0.619 0.076 8.19  0.054 0.115 0.47 

    Ontario 0.171 0.032 5.40  0.215 0.079 2.73 

DNSP indicators:        

    AGD -0.203 0.229 -0.89     

    CIT -0.703 0.192 -3.67     

    END -0.351 0.195 -1.80     

    ENX -0.355 0.196 -1.82     

    ERG -0.353 0.220 -1.60     

    ESS -0.464 0.224 -2.07     

    JEN -0.344 0.193 -1.78     

    PCR -0.782 0.195 -4.01     

    SAP -0.547 0.195 -2.80     

    AND -0.372 0.194 -1.92     

    TND -0.429 0.206 -2.09     

    UED -0.575 0.199 -2.89     

Constant 3.868 5.079 0.76  2.141 3.306 0.65 

μ     0.365 0.072 5.06 

σu2     0.038 0.012 0.01 

σv2     0.010 0.001 0.01 

Tot.	output	elast.	 0.965 0.013 72.14  0.973 0.031 31.49 

N	 666    666   

Adj. R2 0.981    0.972   
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Opex cost function development 

Table B.6   TLG-H1: Average DNSP output elasticities by country (2012–2021) 
  LSETLG-H1   SFATLG-H1 

Sample 
Customer 
numbers 

Circuit 
length 

RMD 
Customer 
numbers 

Circuit 
length 

RMD 

Australia 0.651 0.203 0.205 0.229 0.308 0.364 

New Zealand 0.499 0.339 0.082 0.412 0.373 0.220 

Ontario 0.673 0.067 0.214 0.682 0.066 0.234 

Full sample 0.619 0.171 0.175 0.517 0.201 0.255 

Table B.7  TLG-H1: Frequency of monotonicity violations by country (2012–2021) 
  LSETLG-H1   SFATLG-H1  

Sample 
Customer 
numbers 

Circuit   
length RMD 

Customer 
numbers 

Circuit 
length RMD 

Australia 0.0% 7.7% 0.0% 15.4% 0.0% 0.0% 

New Zealand 0.0% 0.0% 10.5% 0.0% 0.0% 0.0% 

Ontario 0.0% 15.9% 0.0% 0.0% 20.8% 0.0% 

Full sample 0.0% 9.8% 3.0% 3.0% 10.8% 0.0% 

Table B.8   TLG-H1: Frequency of monotonicity violations by Aust. DNSP (2012-2021) 
  LSETLG-H1   SFATLG-H1  

Sample 
Customer 
numbers 

Circuit  
length 

RMD 
Customer 
numbers 

Circuit  
length 

RMD 

EVO 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AGD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

CIT 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 

END 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ENX 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ERG 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 

ESS 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 

JEN 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

PCR 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

SAP 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

TND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

UED 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Total (Aust.) 0.0% 7.7% 0.0% 15.4% 0.0% 0.0% 
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Opex cost function development 

B2    TLG-H2 

B2.1   Sample 2006 to 2021 

Table B.9   TLG-H2: DNSP Opex cost function (2006–2021) 
 LSETLG-H2  SFATLG-H2 

Variable Coefficient SE t–ratio  Coefficient SE t–ratio 

ln(Custnum)=y1 0.536 0.066 8.12  0.425 0.078 5.43 

ln(CircLen)=y2 0.121 0.029 4.2  0.120 0.043 2.76 

ln(RMDemand)=y3 0.296 0.057 5.22  0.447 0.068 6.56 

y1*y1/2 0.669 0.236 2.83  -0.126 0.281 -0.45 

y1*y3 -0.674 0.216 -3.13  0.112 0.271 0.41 

y3*y3/2 0.735 0.198 3.71  -0.153 0.268 -0.57 

ln(ShareUGC) -0.147 0.026 -5.7  -0.188 0.034 -5.55 

Year 0.012 0.002 7.24  0.013 0.001 12.71 

Country indicators:        

    New Zealand -0.264 0.145 -1.82  0.198 0.104 1.91 

    Ontario -0.156 0.144 -1.08  0.209 0.074 2.81 

DNSP indicators:        

    AGD -0.147 0.204 -0.72     

    CIT -0.715 0.166 -4.3     

    END -0.331 0.168 -1.97     

    ENX -0.360 0.164 -2.19     

    ERG -0.180 0.173 -1.04     

    ESS -0.293 0.182 -1.61     

    JEN -0.366 0.170 -2.16     

    PCR -0.744 0.166 -4.48     

    SAP -0.523 0.166 -3.15     

    AND -0.446 0.167 -2.67     

    TND -0.443 0.172 -2.58     

    UED -0.578 0.168 -3.43     

Constant -14.499 3.410 -4.25  -16.889 2.092 -8.07 

μ     0.354 0.063 5.61 

σu2     0.052 0.016 0.02 

σv2     0.014 0.001 0.01 

Tot.	output	elast.	 0.954 0.012 76.33  0.993 0.029 33.86 

N	 1,074    1,074   

Adj. R2 0.979    0.965   
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Opex cost function development 

Table B.10   TLG-H2: Average DNSP output elasticities by country (2006–2021) 
  LSETLG-H2   SFATLG-H2 

Sample 
Customer 
numbers 

Circuit 
length 

RMD 
Customer 
numbers 

Circuit 
length 

RMD 

Australia 0.619 0.121 0.309 0.385 0.120 0.393 

New Zealand 0.728 0.121 0.056 0.401 0.120 0.513 

Ontario 0.401 0.121 0.422 0.453 0.120 0.432 

Full sample 0.536 0.121 0.296 0.425 0.120 0.447 

Table B.11   TLG-H2: Frequency of monotonicity violations by country (2006–2021) 
  LSETLG-H2   SFATLG-H2  

Sample 
Customer 
numbers 

Circuit   
length RMD 

Customer 
numbers 

Circuit 
length RMD 

Australia 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

New Zealand 0.0% 0.0% 31.6% 0.0% 0.0% 0.0% 

Ontario 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Full sample 0.0% 0.0% 8.9% 0.0% 0.0% 0.0% 

Table B.12   TLG-H2: Frequency of monotonicity violations by Aust. DNSP (2006-2021) 
  LSETLG-H2   SFATLG-H2  

Sample 
Customer 
numbers 

Circuit  
length 

RMD 
Customer 
numbers 

Circuit  
length 

RMD 

EVO 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AGD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

CIT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

END 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ENX 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ERG 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ESS 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

JEN 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

PCR 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

SAP 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

TND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

UED 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Total (Aust.) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
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Opex cost function development 

B2.2   Sample 2012 to 2021 

Table B.13   TLG-H2: DNSP Opex cost function (2012–2021) 
 LSETLG-H2  SFATLG-H2 

Variable Coefficient SE t–ratio  Coefficient SE t–ratio 

ln(Custnum)=y1 0.508 0.069 7.39  0.466 0.105 4.45 

ln(CircLen)=y2 0.147 0.028 5.28  0.201 0.048 4.18 

ln(RMDemand)=y3 0.302 0.059 5.11  0.304 0.092 3.31 

y1*y1/2 0.575 0.261 2.20  0.135 0.350 0.38 

y1*y3 -0.662 0.233 -2.84  -0.332 0.333 -1.00 

y3*y3/2 0.790 0.210 3.76  0.485 0.323 1.50 

ln(ShareUGC) -0.154 0.026 -5.98  -0.127 0.046 -2.77 

Year 0.005 0.002 2.19  0.006 0.002 3.44 

Country indicators:        

    New Zealand -0.282 0.168 -1.67  0.466 0.105 4.45 

    Ontario -0.159 0.167 -0.95  0.201 0.048 4.18 

DNSP indicators:        

    AGD -0.133 0.217 -0.61     

    CIT -0.646 0.183 -3.53     

    END -0.363 0.186 -1.95     

    ENX -0.302 0.186 -1.62     

    ERG -0.270 0.190 -1.42     

    ESS -0.256 0.201 -1.27     

    JEN -0.332 0.186 -1.79     

    PCR -0.735 0.186 -3.96     

    SAP -0.458 0.183 -2.50     

    AND -0.334 0.187 -1.79     

    TND -0.479 0.195 -2.45     

    UED -0.541 0.190 -2.85     

Constant -0.647 4.966 -0.13  -1.881 3.358 -0.56 

μ     0.369 0.064 5.74 

σu2     0.031 0.008 0.02 

σv2     0.011 0.001 0.01 

Tot.	output	elast.	 0.957 0.013 73.05  0.971 0.027 36.61 

N	 666    666   

Adj. R2 0.982    0.975   
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Opex cost function development 

Table B.14   TLG-H2: Average DNSP output elasticities by country (2012–2021) 
  LSETLG-H2   SFATLG-H2 

Sample 
Customer 
numbers 

Circuit 
length 

RMD 
Customer 
numbers 

Circuit 
length 

RMD 

Australia 0.438 0.147 0.431 0.141 0.201 0.524 

New Zealand 0.725 0.147 0.030 0.661 0.201 0.095 

Ontario 0.416 0.147 0.403 0.481 0.201 0.336 

Full sample 0.508 0.147 0.302 0.466 0.201 0.304 

Table B.15   TLG-H2: Frequency of monotonicity violations by country (2012–2021) 
  LSETLG-H2   SFATLG-H2 

Sample 
Customer 
numbers 

Circuit   
length RMD 

Customer 
numbers 

Circuit 
length RMD 

Australia 0.0% 0.0% 0.0% 19.2% 0.0% 0.0% 

New Zealand 0.0% 0.0% 39.5% 0.0% 0.0% 30.0% 

Ontario 0.9% 0.0% 0.0% 6.4% 0.0% 0.0% 

Full sample 0.5% 0.0% 11.3% 7.1% 0.0% 8.6% 

Table B.16    TLG-H2: Frequency of monotonicity violations by Aust. DNSP (2012-2021) 
  LSETLG-H2   SFATLG-H2 

Sample 
Customer 
numbers 

Circuit  
length 

RMD 
Customer 
numbers 

Circuit  
length 

RMD 

EVO 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AGD 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 

CIT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

END 0.0% 0.0% 0.0% 50.0% 0.0% 0.0% 

ENX 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 

ERG 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ESS 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

JEN 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

PCR 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

SAP 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

TND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

UED 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Total (Aust.) 0.0% 0.0% 0.0% 19.2% 0.0% 0.0% 
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B3 TLG-H3 

B3.1   Sample 2006 to 2021 

Table B.17   TLG-H3: DNSP Opex cost function (2006–2021) 
 LSETLG-H3  SFATLG-H3 

Variable Coefficient SE t–ratio  Coefficient SE t–ratio 

ln(Custnum)=y1 0.581 0.071 8.20  0.428 0.074 5.77 

ln(CircLen)=y2 0.127 0.030 4.18  0.082 0.052 1.57 

ln(RMDemand)=y3 0.243 0.061 3.97  0.463 0.067 6.94 

y1*y3 0.055 0.016 3.52  -0.070 0.033 -2.16 

y2*y3 -0.020 0.013 -1.56  0.044 0.026 1.70 

ln(ShareUGC) -0.127 0.026 -4.87  -0.191 0.035 -5.47 

Year 0.011 0.002 6.47  0.013 0.001 13.58 

Country indicators:        

    New Zealand -0.239 0.147 -1.62  0.277 0.093 2.98 

    Ontario -0.113 0.146 -0.78  0.188 0.086 2.17 

DNSP indicators:        

    AGD -0.221 0.205 -1.08     

    CIT -0.731 0.169 -4.32     

    END -0.349 0.170 -2.05     

    ENX -0.404 0.163 -2.48     

    ERG -0.086 0.185 -0.46     

    ESS -0.214 0.189 -1.13     

    JEN -0.351 0.171 -2.06     

    PCR -0.702 0.168 -4.19     

    SAP -0.503 0.171 -2.95     

    AND -0.405 0.162 -2.49     

    TND -0.404 0.175 -2.31     

    UED -0.593 0.169 -3.51     

Constant -11.807 3.397 -3.48  -17.219 1.979 -8.70 

μ     0.281 0.107 2.61 

σu2     0.070 0.034 2.06 

σv2     0.014 0.001 22.00 

Tot. output elast. 0.951 0.013 76.04  0.974 0.033 29.77 

N 1,074    1,074   

Adj. R2 0.978    0.963   
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Table B.18   TLG-H3: Average DNSP output elasticities by country (2006–2021) 
  LSETLG-H3   SFATLG-H3 

Sample 
Customer 
numbers 

Circuit 
length 

RMD 
Customer 
numbers 

Circuit 
length 

RMD 

Australia 0.677 0.093 0.305 0.306 0.158 0.424 

New Zealand 0.534 0.144 0.206 0.487 0.046 0.516 

Ontario 0.570 0.131 0.240 0.441 0.074 0.449 

Full sample 0.581 0.127 0.243 0.428 0.082 0.463 

Table B.19   TLG-H3: Frequency of monotonicity violations by country (2006–2021) 
  LSETLG-H3   SFATLG-H3 

Sample 
Customer 
numbers 

Circuit   
length RMD 

Customer 
numbers 

Circuit 
length RMD 

Australia 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

New Zealand 0.0% 0.0% 0.0% 0.0% 11.5% 0.0% 

Ontario 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Full sample 0.0% 0.0% 0.0% 0.0% 3.3% 0.0% 

Table B.20   TLG-H3: Frequency of monotonicity violations by Aust. DNSP (2006-2021) 
  LSETLG-H3   SFATLG-H3 

Sample 
Customer 
numbers 

Circuit  
length 

RMD 
Customer 
numbers 

Circuit  
length 

RMD 

EVO 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AGD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

CIT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

END 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ENX 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ERG 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ESS 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

JEN 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

PCR 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

SAP 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

TND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

UED 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Total (Aust.) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
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B3.2   Sample 2012 to 2021 

Table B.21   TLG-H3: DNSP Opex cost function (2012–2021) 
 LSETLG-H3  SFATLG-H3 

Variable Coefficient SE t–ratio  Coefficient SE t–ratio 

ln(Custnum)=y1 0.614 0.075 8.16  0.433 0.106 4.09 

ln(CircLen)=y2 0.142 0.032 4.48  0.203 0.057 3.58 

ln(RMDemand)=y3 0.201 0.066 3.04  0.335 0.096 3.48 

y1*y3 0.072 0.017 4.34  -0.027 0.034 -0.78 

Y2*y3 -0.039 0.013 -2.99  0.008 0.025 0.33 

ln(ShareUGC) -0.138 0.028 -4.94  -0.105 0.051 -2.08 

Year 0.004 0.003 1.46  0.005 0.002 2.99 

Country indicators:        

    New Zealand -0.251 0.173 -1.45  0.114 0.103 1.11 

    Ontario -0.098 0.172 -0.57  0.224 0.099 2.26 

DNSP indicators:        

    AGD -0.274 0.221 -1.24     

    CIT -0.678 0.188 -3.60     

    END -0.382 0.191 -2.00     

    ENX -0.392 0.189 -2.08     

    ERG -0.090 0.206 -0.44     

    ESS -0.154 0.208 -0.74     

    JEN -0.372 0.189 -1.97     

    PCR -0.712 0.188 -3.79     

    SAP -0.422 0.190 -2.23     

    AND -0.352 0.182 -1.94     

    TND -0.411 0.201 -2.04     

    UED -0.639 0.192 -3.32     

Constant 2.771 5.091 0.54  -0.635 3.444 -0.18 

μ     0.338 0.069 4.88 

σu2     0.042 0.015 2.84 

σv2     0.011 0.001 16.55 

Tot. output elast. 0.957 0.013 73.53  0.970 0.030 32.64 

N 666    666   

Adj. R2 0.980    0.971   

 

Table B.22   TLG-H3: Average DNSP output elasticities by country (2012–2021) 
  LSETLG-H3   SFATLG-H3 

Sample 
Customer 
numbers 

Circuit 
length 

RMD 
Customer 
numbers 

Circuit 
length 

RMD 

Australia 0.739 0.073 0.254 0.386 0.217 0.302 

New Zealand 0.555 0.174 0.149 0.454 0.196 0.352 

Ontario 0.599 0.150 0.210 0.438 0.201 0.337 

Full sample 0.614 0.142 0.201 0.433 0.203 0.335 
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Table B.23   TLG-H3: Frequency of monotonicity violations by country (2012–2021) 
  LSETLG-H3   SFATLG-H3 

Sample 
Customer 
numbers 

Circuit   
length RMD 

Customer 
numbers 

Circuit 
length RMD 

Australia 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

New Zealand 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Ontario 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Full sample 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Table B.24    TLG-H3: Frequency of monotonicity violations by Aust. DNSP (2012-2021) 
  LSETLG-H3   SFATLG-H3 

Sample 
Customer 
numbers 

Circuit  
length 

RMD 
Customer 
numbers 

Circuit  
length 

RMD 

EVO 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AGD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

CIT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

END 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ENX 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ERG 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ESS 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

JEN 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

PCR 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

SAP 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

AND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

TND 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

UED 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Total (Aust.) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
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