
Response to Draft Determination 

 

Water service cost assessment models  

 

Issue  

 
Ofwat’s Draft Determination cost threshold for water is £45m (6%) below Southern 
Water’s plan estimate of costs of £816m.  
 
On the basis of a detailed review of Ofwat’s modelling approach, independent peer 
review and evidence from a leading academic in the field, we conclude that the 
models Ofwat has used are fundamentally flawed. These model shortcomings are 
compounded by (i) Ofwat’s decision not to use real data from companies’ business 
plans in the models, and to rely instead on simple extrapolations of historic data 
(which in many cases are factually incorrect and do not take account of what 
companies will be delivering in AMP6); (ii) regulatory judgements over the use of 
simple averages of results from different models, which are not equally robust in 
statistical terms; and (iii)  the application of an efficiency target based on a historic 
upper quartile assessment, with no glidepath to this level. 
 
The models produce significantly different results from Ofwat’s previous modelling, 
used over a number of years and reviewed without challenge on a number of 
occasions by the Competition Commission. As a result of the deficiencies highlighted 
above, the modelling produces systematically biased results against Southern Water.  
 
We recognise that Ofwat cannot now, in the time available before the final 
determinations, completely re-specify its modelling approach to address these very 
real concerns. In this representation we therefore set out a number of essential 
changes that at a minimum Ofwat should make to produce a more accurate water 
service cost threshold for Southern Water for the Final Determination:  
 
Our representation is in two parts.  

 In section one we set out evidence on the shortcomings in the models 
themselves and the application of the models to generate the cost thresholds. 
(A more detailed analysis is provided in Appendix 1.)  

 In section two we propose some adjustments that must be made to mitigate 
the most material effects of these shortcomings. These adjustments would 
increase our cost threshold by £52m, meaning the gap between the models 
and our plan would be effectively closed.  
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Remedy 

 

 Ofwat should not use model WM3 for Southern Water. As we made clear in 
our earlier representations, model WM3 is not fit for purpose when applied to 
Southern Water, as illustrated by the very high confidence interval, which is a 
very clear outlier. Instead the average of the refined totex model and botex 
approach only should be applied.     

 An adjustment is necessary to reflect Ofwat’s decision not to incorporate the 
latest population data based on the 2011  census, which materially 
disadvantages companies in the south east of the country, including us, 
where population growth has been the highest.  

 Finally, in light of Ofwat’s decision not to use actual data for mains 
replacement  length, special factor adjustments in relation to our 30km 
Woolmans Wood scheme and the overall level of mains replacement in AMP6 
are necessary.  

 The combined impact of these necessary adjustments is to increase our cost 
threshold by £52m, as shown in Table 1 below. These effectively close the 
gap between Ofwat’s cost threshold and our plan totex.  

 
Table 1. Impact of model adjustments  

Adjustment   Impact on cost 
threshold (£m)   

Revised UQ cost 
threshold (£m)   

 - 696 

Removal of WM3 25 721 

Population growth adjustment  12 733 

Woolmans Wood & Mains special 
cases  

15  
748 
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Summary of the evidence 

 

1. Justification 

 
Ofwat’s modelling does not fairly represent the efficient costs required to deliver our 
AMP6 plan. This arises due to what we believe are serious shortcomings in Ofwat’s 
modelling as it applies to Southern Water. To address the modelling shortcomings 
Ofwat must make adjustments to Southern Water’s cost threshold. We believe Ofwat 
should:  

 Not use model WM3 in the triangulation for Southern Water;  

 Make an adjustment for the population growth variable, which systematically 
disadvantages companies in the fast-growing south east;  

 Allow two special cases in respect of our Woolmans Wood scheme and the 
length of mains replaced.  

2. Evidence 

 
We present our evidence here in two parts. In section one we summarise the detailed 
evidence on the shortcomings in the models themselves and the application of the 
models to generate the cost thresholds.  Further detail on this is provided in 
Appendix 1. In section two we propose some adjustments that can be made to 
mitigate the most material effects of these shortcomings. 
 

Part one: model shortcomings  

 

2.1 The models used by Ofwat are not fit for purpose  
 
Ofwat has developed entirely new cost assessment models for this price review. Our 
view, based on our own understanding of the underlying cost structure of the 
industry, supplemented by a review undertaken by Oxera and further review by a 
leading academic in the field, Distinguished Professor Subal Kumbhakar, is that the 
models are not fit for purpose.   
 
The process for developing the models has not been in line with either the Better 
Regulation principles, or Ofwat’s and other regulators’ past practice: namely, the 
model development process has lacked consultation and input from industry experts. 
This means the models do not reflect industry knowledge of key cost drivers, are not 
consistent with the underlying economics of the sector and produce results which are 
markedly different to Ofwat’s previous efficiency assessments. 
 
To inform our response to Ofwat’s earlier invitation for representations on the 
models, we commissioned a review by Oxera, who identified a number of necessary 
adjustments to counter some of the more material failings in the modelling.  
 
Given Ofwat’s failure to make any adjustments in the draft determination, we have 
commissioned a further more detailed model review and critique by Professor Subal 
Kumbhakar, one of the world’s leading academics in the field of econometrics and 
efficiency assessment. Professor Kumbhakar is unequivocal in his view, “In my 
judgement many of the models used by Ofwat are poor on both economic and 
econometric grounds”. That judgement reflects his conclusions that: 
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(i) The models are not consistent with economic theory and are not 

statistically robust. In particular he notes that “WM3 is the weakest model on 
economic grounds, with more than half of the coefficients having the wrong sign 
or magnitude.” And that there is “no theoretical or empirical reason to support 
its use in efficiency analysis.” There are other simpler models that are sensible 
from both an economic and a statistical point of view and are equally flexible 
(defined in terms of goodness of fit). These, in Professor Kumbhakar’s view, 
should be used instead or, at the very least, used as an additional cost 
prediction point(s). 

 
(ii) The predicted costs are likely to be wrong. As a consequence Professor 

Kumbhakar is clear that “the final result based on model averaging 
(triangulation) will also be incorrect.” 

 
Oxera have also expanded on their previous review, incorporating the insights from 
Professor Kumbhakar. In particular, their additional paper, provided with these 
representations, highlights that the results for Southern Water differ by £176m 
between Ofwat's modelling approaches. In addition, they highlight the fact that model 
WM3 is particularly inaccurate for Southern Water, with a confidence width of 0.15 
times its predicted costs (both in logs), as shown in Figure1 below. This compares 
with an industry average confidence width ratio of 0.07, and the second-highest 
confidence width ratio of only 0.125. 
 
Figure 1. Model WM3 confidence widths 

 
 
 

Copies of both Oxera and Professor Kumbhakar’s complete reports are included at 
Appendices 2 and 3.  
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2.2 The interpretation of the model results is flawed and not well-
evidenced 
 

2.2.1 Use of third party cost driver data  
 
Ofwat has chosen not to use company cost driver data in its models, but rather to 
base its cost projections on simple extrapolations of historic cost driver data 
produced on its behalf by Jacobs.  
 
This has increased the level of inaccuracy of the cost projections, through the 
inclusion of data that is (i) factually incorrect; (ii) distorted by the inclusion of outliers 
in the historic trends,  and (iii) in a number of instances, is internally inconsistent and 
ignores discontinuities in the data.  
 
The level of inaccuracy between these extrapolations and companies’ actual data will 
vary between companies. However, the methodology adopted for calculating the data 
itself systematically introduces inaccuracies due to the following flaws in the 
methodology. 
 

 It combines data from unrelated forecasts sources, for example mixing 
extrapolations of historic water consumption data with draft WRMP metering 
numbers. 

 It takes no account of outlier data points when taking simple averages;   

 each cost driver is forecast independently, even when cost drivers are closely 
related.  

 Inappropriate simplifying assumptions have been made, such as assuming a 
flat demand trend for all companies, despite clear evidence of historic 
differences.  

 
In Appendix 1, we present examples of each of these methodological flaws and 
highlight the very material impact on company forecasts.  
 

2.2.2 Averaging of model results 
 
Ofwat has applied a simple average weighting to each of its three different models, to 
calculate the basic cost thresholds. This reflects its view that there is “no compelling 
evidence to suggest different weights to different models”. We believe this reasoning 
is flawed in a number of respects.  
 

 For companies where the predicted costs vary considerably between models, 
the choice of averaging method is absolutely critical to the outcome. In 
Appendix 1 we show that for two companies, Southern Water and Sutton & 
East Surrey the averaging method selected reduces the predicted costs by 
almost 4%. Put another way, the use of a different averaging method would, 
on its own, have reduced the efficiency gap for Southern Water by almost 
two-thirds.  

 

 It assumes that all of the models are equally robust in statistical and 
economic terms, when it can be clearly shown that this is not the case. 
Indeed, in giving two-thirds weighting to the totex models, Ofwat effectively 
treats these as twice as robust as the botex models. Yet the evidence clearly 
shows that model WM3 is the weakest of the set, in particular when applied to 
Southern Water, yet it is given the highest weighting of any single model 
within the modelling. 
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In his review of Ofwat’s modelling approach Professor Kumbhakar also examined 
Ofwat’s approach to “triangulation” between models. On this issue he says:  

 
(i)  Averaging reduces the accuracy of the results. This reflects the 

fact that it can be shown from an economic and statistical perspective 
that one of the models is more efficient. Therefore, contrary to Ofwat’s 
view, including the less accurate models in the averaging reduces 
model accuracy overall. 

 
(ii)  The cost predictions become more imprecise for Southern Water 

when WM3 is used as part of the averaging process. This reflects 
the very wide confidence widths associated with this model’s results.  

 
From this he concludes that if the poor models are retained, “one should at least put 
more weight on the models that are better than others.” Thus, only RE models (i.e. 
WM6 and WM10) should be used when the pooled OLS models are rejected. 
 
Oxera have examined a range of additional models which are able to reduce the cost 
prediction range for Southern Water. They also examine alternative weighting rules 
and demonstrate that, when taken together with the alternative cost models, the 
implied adjustment required for Southern Water is of the order of £39m. This is set 
out in full in Oxera’s paper in Appendix 2 and revisited in part two of this 
representation.   
 

2.2.3 Application of upper quartile  
 
Ofwat has used the simple average of its models to calculate the predicted costs for 
a company of average efficiency, based on third-party cost driver extrapolations. It 
has then applied an adjustment based on the upper quartile of its historic efficiency 
modelling.  
 
The application of a consistent percentage adjustment to move companies to the 
upper quartile is both more challenging than that used at previous price reviews, both 
by Ofwat and other regulators, and does not take account of differences in the 
accuracy of the model predictions for different companies.  
 
Professor Kumbhakar also notes that, in addition to being more challenging than 
many previous regulatory determinations, the existence of noise, which will vary 
between companies within the models, means “the inefficiency of some companies 
will still be overestimated, while that of others will be underestimated no matter how 
the adjustment factor is defined.” 
 
This is particularly pertinent for Southern Water, for whom the cost predictions for 
WM3 are significantly more inaccurate than they are for any other company (see 
above) meaning that, in Professor Kumbhakar’s view “Southern Water’s predicted 
costs adjusted for the Upper Quartile are likely to underestimate its ‘required’ cost 
level”.  
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Part two: mitigating the impact of these deficiencies 

 

2.3 Mitigating the impact of these deficiencies 
 
As we have clearly demonstrated in part one of this representation paper, supported 
by additional evidence and analysis in Appendix 1, Ofwat’s modelling of costs for 
AMP6 suffers from a large number of shortcomings and these shortcomings have a 
material adverse impact on the calculated cost threshold for Southern Water. We 
pointed out many of these issues in our earlier representations on the modelling, but 
Ofwat has not made any significant changes to its approach between the risk-based 
review and the draft determinations.  
 
We recognise that Ofwat cannot now, in the time available before the final 
determinations, completely re-specify its modelling approach to address these very 
real concerns. In this section we therefore set out a number of essential changes 
which are the minimum that Ofwat should make to produce a more accurate water 
service cost threshold for Southern Water for the Final Determination:  
 

 Ofwat should not use model WM3 for Southern Water. As we made clear in 
our earlier representations, we do not believe model WM3 is fit for purpose 
when applied to Southern Water, as illustrated by the very high confidence 
interval, which is a very clear outlier. The average of the refined totex model 
and botex approach only should be applied.     

 An adjustment is necessary to reflect Ofwat’s decision not to incorporate the 
latest population data based on the census, which materially disadvantages 
companies in the south east of the country, including us, where population 
growth has been the highest.  

 Finally, in the light of Ofwat’s decision not to use actual data for mains 
replacement  length, special factor adjustments in relation to our 30km 
Woolmans Wood scheme and the overall level of mains replacement in AMP6 
are necessary.  

 The combined impact of these necessary adjustments is to increase our cost 
threshold by £52m, as shown in Table 2 below. These effectively close the 
gap between Ofwat’s cost threshold and our plan totex.  

 
Table 2. Impact of model adjustments  

Adjustment   Impact on cost 
threshold (£m)   

Revised UQ cost 
threshold (£m)   

 - 696 

Removal of WM3 25 721 

Population growth adjustment  12 733 

Woolmans Wood & Mains special 
cases  

 
15 

 
748 
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 The weight of evidence is such that it is untenable that Ofwat should continue 

to use model WM3 for us. However, if the model is used, then its impact 
needs to be reduced through re-weighting of the models used or the addition 
of further data points in the results triangulation.  

 A further model variable adjustment is also necessary to reflect that we are an 
outlier on planned interruptions. 

 Ofwat should not use our Water Resources Management Plan data, as it 
distorts the cost threshold due to our status as an extreme outlier on 
metering. If our WRMP data is used then an adjustment to the coefficient for 
meters should be applied within the WM3 model (if retained) to correct for the 
impact of Southern Water being an extreme outlier on this variable due to our 
Universal Metering Programme.  

 

2.3.1 Removal of model WM3 for Southern Water 
 
We believe there is now a weight of evidence, presented both here and in our earlier 
submission, that the ‘full’ totex model (WM3) is not fit for purpose when applied to 
Southern Water and Ofwat should remove its impact from the triangulation of results 
in calculating Southern Water’s water totex cost threshold in the final determination.  
 
In particular:  

 As noted by Oxera in their earlier review, the use of a ‘full’ model such as 
WM3 is entirely non-standard in econometric analysis, and does nothing 
to achieve the stated objective of its retention, which is to guard against 
omitted variable bias.   

 The retention of 26 cost drivers in WM3 means the model includes many 
drivers whose magnitude and signs are counter-intuitive as well as 
statistically insignificant, resulting in a model that does not make 
economic sense  

 The confidence intervals for this model for Southern Water are the largest 
of any company, and a very significant outlier at 0.15 times its predicted 
costs (both in logs), meaning the cost predictions derived from this model 
are uniquely imprecise.   

 As a result, as Professor Kumbhakar makes clear in his review,  
“Southern Water’s predicted costs adjusted for the UQ are likely to 
underestimate its ‘required’ cost level.”  

 Contrary to Ofwat’s stated view that averaging across a number of models 
improves the accuracy of the results, in our case, inclusion of model WM3 
within the triangulation makes the cost predictions more imprecise 

 
We argued in our earlier submission that Ofwat should not use model WM3 for 
Southern Water. Based on his review, Professor Kumbhakar reaches the same 
conclusion that “Either no weight should be given to the results from WM3, or WM3 
should be replaced with an alternative model that is sensible from both economic and 
statistical points of view.” 
 
Including just the results from the WM5/6 totex models and the Botex models would 
have a material impact on our cost threshold as shown in Table 3 below.  
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Table 3. Impact of excluding WM3 from the triangulation  

  With WM3 Excluding WM3 

Model WM3  692 n/a 

Model WM5/6  682 682 

Botex models   859 859 

Average of models   745 771 

 

2.3.2 Model adjustments: population variable 
 
Within Ofwat’s models we have identified four specific variables on which Southern 
Water is an outlier, or there are significant differences between the Jacobs 
extrapolation and the true value,  and which appear to have a material impact on the 
calculated costs. These are:  

 Planned interruptions (Ref. W4001_W003)  

 Population total (Ref. BN2590_W003) 

 Selective and optant metering (Ref. BN1711_W003 and Ref. BN1715_W003) 
 
The planned interruptions and selective and optant metering variables are only used 
in model WM3, which we do not believe Ofwat should use, so we do not consider 
them further at this point. The population variable is included in all models.  
 
In considering whether any adjustments are appropriate, we have assessed the 
impact against the following criteria:  
 

(i) Systematic impact – there is a material impact when taken in the round i.e. 
there are not other variables that offset the impact to produce an answer that 
is more accurate “in the round”. 

(ii) Other outlier variables – whether there are other outlier variables that offset 
the impact.  

(iii) Materiality – the impact is greater than the materiality threshold. 
(iv) Differential impact – we are impacted in a materially different way to other 

companies. 
 
(i) Systematic impact  
Ofwat is rightly concerned about companies not cherry-picking variables on which 
they appear to be disadvantaged by the models, whilst not taking account of the 
combined impact across all variables within a model.  
 
The population connected variable is used in all models. The combined impact of the 
models is to produce a cost threshold which is materially below the efficient costs 
within our plan. It is also well below the average costs calculated using Oxera’s 
alternative models (see Appendix 2) and inconsistent with Ofwat’s previous water 
service efficiency models, on which we were assessed as being the frontier company 
for opex and better than the median on one of the two water sub-services.  
 
Taken together, we believe these points clearly demonstrate a systematic bias within 
the models, which we believe is partly related to the inclusion of variables on which 
we are on outlier company.  
 
(ii) Other outlier variables 
We have examined whether we are an outlier on other variables within the model, 
which may have a materially advantageous impact and which would to some degree 
offset the impact of these two variables.  
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The only other variables on which we are a significant outlier are the planned 
interruptions and metering variables, which are used only in model WM3. 
Examination of the dataset used therefore demonstrates that there are no other 
variables which may provide an offsetting impact.  
 
The population variable is used in the models in conjunction with the connected 
properties variable. The latter is not materially different between Jacobs estimate and 
our business plan.   
 
(iii) Materiality 
The materiality threshold for any adjustments has been set by Ofwat as 0.5% of 
service totex. For the water service our total business plan totex is £816m, equating 
to a threshold of £4.1m. We set out below our argument for making the adjustment, 
together with our calculation of the impact of the population variable and compare 
this with the threshold value.  
 
In the Draft Price Control Determination Notice: Technical Appendix A3, Ofwat sets 
out its reason for not using company population data, which reflects the latest census 
population data. 
 

“A number of companies have made representations highlighting that our 
projections of exogenous variables are not based on the most up to date 
census population data, which we acknowledge. Nonetheless, the new 
census data has mostly led to step changes in population estimates, 
reflecting new and better data, rather than a step change in the underlying 
population. The wholesale cost models were estimated on historical data prior 
to the census that did not reflect the step changes and so taking account of 
these revisions only in the projections of exogenous variables may not 
necessarily produce more reliable projections of costs. On this basis we are 
not persuaded that there is a compelling argument for change to population 
figures used to derive our projections of costs.”1 

 
We acknowledge that because the wholesale cost models were based on historic 
population estimates, then in the event of a uniform step up in population estimates, 
the models would overstate the total required funding for the sector as a whole. We 
further agree that this would not be in customers’ interests. 
 
However, if there has been a differential rate of population growth between 
companies, then those companies that have seen a higher rate of population growth 
will, all else being equal, be underfunded due to the use of out-of-date population 
data, whilst those companies that have seen slower population growth or in some 
cases population decline, will be overfunded. This will be significantly to the detriment 
of customers of the companies in the underfunded areas. 
 
The population data used by Ofwat for each company can be taken from the models 
published by Ofwat. As part of the Risk Based Review companies also submitted 
population forecast that incorporated up to date census population data. Comparison 
of these datasets allows us to understand whether there are significant differences 
between Jacobs’ view and companies’ population forecasts based on the latest 
census information. The percentage variation is shown in Table 4 below.  
 

                                                
1
 http://www.ofwat.gov.uk/pricereview/pr14/det_pr1408draftappendixwholesale.pdf 104 
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Table 4. Variation between Jacobs and company population forecasts  

  2015-16 2016-17 2017-18 2018-19 2019-20 Average 

BRL -2.7% -2.9% -3.1% -3.4% -3.6% -3.1% 

SVT -0.2% -0.5% -0.8% -1.1% -1.4% -0.8% 

TMS 0.1% -0.2% -0.6% -1.0% -1.4% -0.6% 

SWT -0.6% -0.6% -0.6% -0.6% -0.6% -0.6% 

NES 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

WSH 0.4% 0.2% 0.0% -0.1% -0.3% 0.0% 

SBW 1.0% 0.6% 0.2% -0.1% -0.5% 0.2% 

UU 0.8% 0.7% 0.7% 0.6% 0.5% 0.7% 

YKY 0.2% 0.3% 0.6% 0.9% 1.4% 0.7% 

SSC 0.8% 1.0% 1.2% 1.5% 1.7% 1.2% 

AFW 2.3% 2.4% 2.5% 2.5% 2.6% 2.5% 

SRN 2.4% 2.4% 2.5% 2.6% 2.6% 2.5% 

SEW 2.3% 2.5% 2.6% 2.7% 2.8% 2.6% 

DVW 2.1% 2.4% 2.7% 3.0% 3.3% 2.7% 

ANH 2.7% 2.8% 3.0% 3.1% 3.3% 3.0% 

WSX 3.2% 3.6% 4.0% 4.4% 4.8% 4.0% 

PRT 4.5% 4.6% 4.7% 4.7% 4.8% 4.7% 

SES 4.3% 4.8% 5.2% 5.7% 6.1% 5.2% 

Industry 0.8% 0.7% 0.7% 0.6% 0.6% 0.7% 

 
For the industry overall, companies’ forecasts are between 0.6 and 0.8% higher than 
the Jacobs forecast. If the wholesale cost models accurately forecast costs for 
AMP6, then each companies’ forecast should be adjusted (downwards) to account 
for this shift, which does not reflect the change in the underlying population. 
 
However, there is a large variation between the companies’ and Jacobs’ forecasts. 
For example Bristol Water’s population is materially overstated by the Jacobs 
forecast, compared with its own forecast (which reflects new census data), by 
between 2.7% and 3.6%. Similarly, the forecasts for Severn Trent, South West Water 
and Thames Water are systematically overstated. This will, all else being equal, lead 
to overfunding of all of these companies.  
 
In contrast, most companies operating in the south east of the country (except 
London) – Affinity, Southern, South East Water, Anglian, Portsmouth and Sutton & 
East Surrey – all have population forecasts that are materially understated in the 
Jacobs data.  
 
To assess the impact of this on our cost threshold, we have calculated an adjusted 
population forecast based on the difference between the average population growth 
and that for Southern Water’s area. This is shown in Table 5 below.  
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Table 5. Difference between Jacobs and Southern Water population forecasts  

 2015-16 2016-17 2017-18 2018-19 2019-20 

SRN 
(Jacobs) 

2,418 2,434 2,449 2,465 2,481 

Industry 0.8% 0.7% 0.7% 0.6% 0.6% 

SRN 2.4% 2.4% 2.5% 2.6% 2.6% 

SRN 
underlying 
change in 
population 

1.6% 1.7% 1.8% 1.9% 2.0% 

      

SRN 
adjusted 

population 
forecast 

2,455 2,475 2,494 2,513 2,532 

 
Using these adjusted population data we obtain the following required changes in the 
cost forecasts. 
 
Table 6. Impact of adjusting the population forecast  

   

Forecast of cost from full totex models £m -6.933 

Forecast of cost from refined totex models £m 9.073 

Forecast of cost from base model + unit cost + 
unmodelled 

£m 16.938 

   

Modelled totex estimate with AVERAGE 
efficiency 

£m 6.360 

Modelled totex estimate with UPPER 
QUARTILE efficiency 

£m 5.944 

 
Notwithstanding the fact that one model suggests that an increase in population 
reduces cost, while the other two show a more logical increase in cost to serve a 
larger population, across all three models, the table clearly shows that the impact on 
the average is 0.7% of the water service totex, greater than Ofwat’s materiality 
threshold of 0.5%. An adjustment of this amount should be made to Southern 
Water’s Basic Cost threshold to mitigate the impact of Southern Water being an 
outlier on the erroneous model variable.  
 
(iv) Differential impact  
Table 6 above clearly shows that, when compared with the average difference 
between Jacobs’ extrapolations of population and companies’ forecasts based on the 
latest census data, companies in the south east of the country have seen population 
growth in excess of the level assumed in the model. As a result, these companies 
will, all else being equal, be underfunded by the models.  
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For Southern Water, the difference between the Jacobs estimate and the correct 
value, which incorporates the latest census data is three and a half times the 
weighted average and materially higher than the unweighted average of 1.4%. While 
a number of other companies also have significant differences this does not change 
the fact that Southern Water is impacted in a differential way from the average 
company and all companies will be impacted in a differential way depending on their 
specific circumstances.  
 

2.3.3 Special cases for Woolmans Wood and mains replacement 
 
Because Ofwat has not decided to use companies actual data for mains replacement 
length, we have proposed two special factor adjustments in relation to (i) our 
Woolmans Wood mains replacement scheme - a unique 20km scheme, driven by a 
DWI undertaking rather than routine maintenance, and (ii) the overall level of mains 
replacement in AMP6, which is understated due to an unrepresentatively low rate of 
mains replacement in AMP4.  
 
The Woolmans Wood case is being submitted as a Table W11 adjustment (see 
section 5 of our representation) while the mains replacement case is set out 
separately in section 6. Both have been assessed against Ofwat’s four criteria of 
Need, Cost Benefit, Cost robustness and Customer protection.   
 
Taken separately, the required adjustment for Woolmans Wood is £9.86m and for 
mains replacement, £8.55m. However, there is a degree of overlap between the 
cases, which reduces the total required adjustment by £3.87m to £14.54m in total.  
 

2.3.4   Summary of required adjustments  
 
In this section we have set out a number of adjustments that are necessary to ensure 
that the cost models more accurately reflect our expenditure requirements for AMP6.  
 
Table 7 below sets out the impact of our preferred package of adjustments on the 
cost threshold. The overall impact is to increase our upper quartile modelled 
threshold by £52m from £696m to £748m. This effectively close the gap between 
Ofwat’s cost threshold and our plan totex. 
 
Table 7. Adjustments required  

Adjustment   Impact on cost 
threshold (£m)   

Revised UQ cost 
threshold (£m)   

 - 696 

Removal of WM3 25 721 

Population growth adjustment  12 734 

Woolmans Wood & Mains special 
cases  

15  
748 

 

2.4   Alternative approaches  
 
We strongly believe, based on our own views and the advice we have received from 
independent experts, that it would be untenable for Ofwat to continue to use model 
WM3 in the calculation of the cost threshold for Southern Water. However, if it is 
retained in any form, a number of additional adjustments will be required. These 
include:  
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 A further model adjustment to the planned interruptions variable on which we 
are a clear outlier.  

 A change to the way in which metering is modelled, should Ofwat decide to 
use our WRMP data in the models (note this is only required if WRMP data 
on selective/optant meters is used). 

 
We also present some alternative approaches to model weightings and the inclusion 
of additional data points within the results triangulation, which would make the cost 
threshold for Southern Water more robust.   
 

2.4.1 Model adjustments: properties affected by planned interruptions > 
3 hrs 
 
As noted in section 2.3.2 above, Southern Water is a clear outlier on the variable  

 Planned interruptions (Ref. W4001_W003)  
 
Inclusion of this variable has a materially adverse (and counter-intuitive) impact on 
our cost threshold. This variable is only used in model WM3, and so an adjustment is 
only required if this model is retained which we have submitted should not be the 
case.. As for the population variable considered above, we have assessed the 
proposed change against the following criteria:  
 

(i) Systematic impact  
(ii) Other outlier variables 
(iii) Materiality 
(iv) Differential impact 

 
In respect of the first two tests, we set out our conclusions in section 2.3.2. Our 
evidence on the second two tests is presented below.  
 
 
(iii) Materiality  
 
The materiality threshold for any adjustments has been set by Ofwat as 0.5% of 
service totex. For the water service the total business plan totex is £816m, equating 
to a threshold of £4.1m.  
 
We set out below our calculation of the impact of the planned interruptions variable 
and compare this with the materiality threshold value of £4.1m 
 
Table 8 below show Jacobs’ forecast of the percentage of Properties affected by 
planned interruptions > 3 hrs for each company, the industry average level of 
planned interruptions and the ranking of each companies on this measure. 
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Table 8. Percentage of properties affected by planned interruptions  

  2015-
16 

2016-
17 

2017-
18 

2018-
19 

2019-
20 

Ranking 

SWT 21.5% 21.3% 21.2% 21.00% 20.9% 1 

WSX 13.6% 13.5% 13.4% 13.30% 13.2% 2 

SVT 6.2% 6.2% 6.2% 6.20% 6.1% 3 

WSH 5.3% 5.3% 5.3% 5.20% 5.2% 4 

SES 4.0% 4.0% 4.0% 4.00% 4.0% 5 

UU 3.5% 3.5% 3.5% 3.50% 3.5% 6 

AFW 2.7% 2.7% 2.7% 2.70% 2.7% 7 

BRL 2.5% 2.5% 2.4% 2.40% 2.4% 8 

NES 2.4% 2.4% 2.4% 2.30% 2.3% 9 

DVW 2.1% 2.1% 2.1% 2.10% 2.1% 10 

SEW 1.9% 1.9% 1.9% 1.80% 1.8% 11 

SSC 1.7% 1.7% 1.7% 1.70% 1.7% 12 

YKY 1.6% 1.6% 1.6% 1.60% 1.6% 13 

TMS 1.2% 1.2% 1.2% 1.20% 1.2% 14 

PRT 1.2% 1.2% 1.2% 1.20% 1.2% 15 

ANH 1.0% 1.0% 1.0% 1.00% 1.0% 16 

SBW 0.7% 0.7% 0.7% 0.70% 0.7% 17 

SRN 0.7% 0.7% 0.7% 0.70% 0.7% 18 

Weighted 
Industry 
Average 

3.7% 3.6% 3.6% 3.60% 3.6%   

 
With a forecast annual percentage of planned interruptions at 0.7%, Southern has 
the lowest level of planned interruptions, significantly below the industry average of 
3.6%. 
 
In order to maintain low levels of planned interruptions and a continuous supply of 
water to our customers, we have historically incurred additional costs, including 
through the use of under-pressure connections and temporary overland supplies.  
 
The percentage of Properties affected by planned interruptions > 3 hrs is, according 
to CEPA, included within the  model as a quality driver. To reflect the higher costs 
that companies would be expected to incur maintaining low levels of planned 
interruption, the expected coefficient on this cost driver should be negative. CEPA 
reports that:  

 
“We would expect a low negative number as greater costs may be required to 
achieve a lower level of properties affected by planned interruptions should 
this variable behave as a quality measure. This is an ambiguous driver as 
planned interruptions could also be a sign of quality improvement or 
scheduled maintenance.”2 

 

                                                
2
 http://www.ofwat.gov.uk/pricereview/pr14/pap_tec1402feederbasiccostappb.pdf page 21 
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The coefficient on this cost driver in model WM3 has a counter-intuitive sign, i.e. it is 
positive 0.0266115. The CEPA report notes that this may be due to planned  
interruptions being correlated with maintenance works. However, as we show 
Appendix 1 section 2.2.1(b), there are some significant outlier values in the historical 
data, which also appear to have contributed to the calculation of a counter-intuitive 
coefficient.  
 
With a counter-intuitive positive coefficient, the model currently provides less funding 
for us for having a low level of planned interruptions i.e. it provides less funding for 
providing a higher level of service to customers. As a company, we incur additional 
costs for maintaining a high level of performance on this quality measure, and our 
customers have told us that they want to maintain current service levels, so it is 
important that the current level of underfunding is mitigated. This aspect of the 
models therefore produces a perverse incentive on Southern Water to have higher 
levels of planned interruptions and consequently lower levels of customer service. 
 
Although industry-wide data are not available on each company’s proposed 
expenditure which relates to planned interruptions, the impact of the counterintuitive 
coefficient can be mitigated by making an adjustment to allowing for funding for the 
industry average level of planned interruptions. 
 
Table 9 below shows the calculated level of planned interruptions in per property 
terms. The final row calculates the level of planned interruptions we would have 
experienced, if we had the industry average level of planned interruptions. 
 
Table 9. Southern Water interruptions based on industry average percentage 

 2015-16 2016-17 2017-18 2018-19 2019-20 

SRN 0.7% 0.7% 0.7% 0.7% 0.7% 

DG3 properties 
affected by unplanned 
interruptions of more 

than 3 hours 

7,662 7,662 7,662 7,662 7,662 

      

Industry Average 3.7% 3.6% 3.6% 3.6% 3.6% 

Southern - DG3 
properties affected by 

unplanned 
interruptions of more 

than 3 hours – 
applying industry 

average 

40,008 40,040 40,071 40,103 40,134 

 
Table 10 below shows the change in the basic cost threshold from substituting the 
Jacobs extrapolation of this variable, with the values for an average company.  
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Table 10. Impact of applying the average level of planned interruptions 

   

Forecast of cost from full totex models (WM3) £m 31.138 

Forecast of cost from refined totex models (WM5/6) £m 0.000 

Forecast of cost from base model + unit cost + 
unmodelled (WM9/10) 

£m 0.000 

   

Modelled totex estimate with AVERAGE efficiency £m 10.379 

Modelled totex estimate with UPPER QUARTILE 
efficiency 

£m 9.701 

 
The table clearly shows that the impact on the average is 1.2% of the water service 
totex, well in excess of Ofwat’s materiality threshold of 0.5%. If, contrary to our main 
submission, model WM3 is retained in its current form then an adjustment of this 
amount should be made to Southern Water’s Basic Cost threshold to mitigate the 
impact of Southern Water being an outlier on the erroneous model variable.  
 
(iv) Differential impact  
The final test that we have applied is whether the variable has a differential impact on 
Southern Water. i.e. that we are materially impacted in a different way to other 
companies.  
 
As Table 8 above shows, the weighted average level of interruptions is 3.7%, more 
than five times higher than the value used for Southern Water. The unweighted 
average value is even higher at 4.1% and only one other company has a value as 
low as Southern Water. On that basis it is clear that the impact of the driver on 
forecast costs is materially different for Southern Water compared with a typical 
company.  
 

2.4.2 Use of WRMP data with adjustment for metering  
 
Our WRMP has now been approved by the Secretary of State. However, we do not 
believe that Ofwat should use our WRMP data as the basis for our cost projections in 
AMP6. This is for two reasons: 
 

 Although the supply enhancements in our WRMP are higher than those used 
in the model, the Botex model already provides adequate funding through the 
supply demand model for our water resources investment;  
 

 The form of the selective/optant metering variable used in model WM3 has a 
perverse impact on the cost threshold calculated by model WM3, reducing 
our calculated cost by £75m, equivalent to £705 for every meter.  

  
In respect of the second issue, Southern Water’s status as an extreme outlier on 
metering, as a result of our AMP5 universal metering programme (UMP) means an 
adjustment must be made to avoid an extreme impact from using the WRMP 
selective/optant meters data, which for us is close to zero in AMP6, in model WM3. 
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In our case, moving from the modelled value of 107,001 selective/optant meters in 
AMP6 to the actual value in our WRMP (2,000) reduces the average predicted cost 
calculated by model WM3 by £75m. This is equivalent to £705 per meter, compared 
with a typical cost of a meter installation of less than £200. The impact results from 
the model using proportions of new meters as a cost driver. As a company’s level of 
metering approaches zero, this has a disproportionate impact upon forecast costs, 
due to the form of the model variable.  
 
If  Ofwat does decide to use our WRMP data and retains model WM3 for Southern 
Water then to better reflect the actual reduction in cost from the lower than forecast 
level of metering in AMP6, Ofwat should make an adjustment which effectively 
reduces the impact from £705 per meter to the average from the model of £243. This 
would equate to an increase in the modelled value from WM3 of £49.964m.  
 
This only impacts on Southern, which is the only company that will not be installing 
any selective meter in AMP6. 
 

Detailed analysis of the issue  
 
Model WM3 includes a cost driver of the proportion of new meters, that is derived 
from the following data:  
 

 (Metering programme - household selective meters - water service 

Plus  

 Metering programme - household optional meters - water service) 

Divided by 

 (Households connected for water only and water and sewerage – metered  

Plus 

 Non-households billed measured water) /1000 

This is an activity driver that covers the capital cost of installing new meters (but not 
the cost of replacing existing meters) and is used only in model WM3.  
 
Table 11 below shows the assumed level of meter installations used to set our cost 
threshold baseline. The Jacobs forecast assumed that Southern would install 
107,001 selective and optant meters in AMP6, based on the average level between 
2006-07 and 2012-13.  
 
 
Table 11. Jacobs forecast for selective and optant meters 

 2015-16 2016-17 2017-18 2018-19 2019-20 Total 

Metering programme - 
household selective 

meters - water service 

21,400.2 21,400.2 21,400.2 21,400.2 21,400.2 107,001 

Metering programme - 
household optional 

meters - water service 

0 0 0 0 0  
 

0 

Proportion of new 
meters % 

3.1% 3.0% 2.8% 2.7% 2.6%  
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If we now look at the impact of reducing the expected metering programme by one 
meter (i.e. what would happen if we installed 107,000 meters instead of 170,001 
meters) we can see that the forecast costs from model WM3 reduce by £184.0094, 
i.e. this implies that the cost of installing one meter is £184.01, which is broadly 
consistent with the funding for Southern Water’s UMP in AMP5.  
 
If we multiply this cost per meter by the total number of meters to be installed 
(107,001 meters) we can estimate the full implied cost of the metering programme, 
i.e. the costs that the company could save if did not install any meters in AMP6 
(£184.01*107,001 =£-19.689m). 
 
Table 12. Implied marginal cost of a meter  

Meters 
installed  

Reduction in 
number of 

meters 
installed 

Cost per meter 
£ 

Total 
metering 

programme 
cost (£m) 

107,000 1 -184.00949 -19.689 

 
As the modelling uses logarithms and the proportion of new meters as a proxy for the 
size of the metering programme, as the number of meters installed is progressively 
reduced, the cost per meter increases. From an economic perspective, this may be a 
reasonable assumption across a limited range, but when extended to an outlier like 
Southern Water, the modelled impact is clearly not consistent with the reality.  
 
To illustrate this, Table 13 below shows the impact of moving from the Jacobs 
assumptions to different levels of metering, including Southern Water’s planned 
AMP6 level of 2,000, and the implied average value per meter.  
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Table 13. Implied average cost of a meter 

Meters 
installed  

Reduction in 
number of meters 
installed 

Cost per 
meter £ 

Total metering 
programme cost 
(£m) 

107,000 1 -184.00949 -19.689 

106,999 2 -184.01033 -19.689 

106,998 3 -184.01116 -19.689 

106,997 4 -184.01200 -19.689 

106,996 5 -184.01283 -19.690 

106,001 1000 -184.849 -19.779 

57,001 50000 -245.783 -26.299 

7,001 100000 -599.751 -64.174 

2,000 105001 -705.536 -75.493 

 
As a result of the AMP5 metering programme Southern Water is an extreme outlier 
on the cost driver used by WM3, with a proportion of new meters that is roughly less 
than one twentieth of one per cent. (See Table 14 below.)  Our proportion of new 
meters is more than 20 times lower than the next lowest company in the industry and 
more than 70 times lower than the industry average.  
 
Table 14. Southern Water forecast level of meter installation. 

 2015-16 2016-17 2017-18 2018-19 2019-20 

Metering programme - 
household selective 

meters - water service 

0 0 0 0 0 

Metering programme - 
household optional meters 

- water service 

 
 

400 

 
 

400 

 
 

400 

 
 

400 

 
 

400 

Proportion of new meters 
% 

0.059% 0.056% 0.053% 0.050% 0.048% 

 
As the proportion of new meters falls towards zero the reduction in the cost per meter 
increases dramatically, so that when only 2,000 meters are installed, the marginal 
cost of a meter is over £8,000 - more than 40 times greater than the marginal cost at 
the Jacobs level of 107,001 meters. As clearly shown in Figure 2 below, Southern 
Water is an outlier when its own metering data is used. 
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Figure 2. Implied costs per meter and metering proportion  

 
 
 
The inappropriateness of using the full model outputs for low levels of proportion of 
meters can be shown when we look at the impact of the scenario of moving from 
installing just one meter to two meters over the entire AMP 6 period.  
 
Table 15. Implied marginal cost of adding one meter 

Meters 
installed  

Difference Average cost 
per meter £ 

Total metering 
programme cost 

(£m) 

2 106999 -1722.753 -184.336 

1 107000 -1815.381 -194.248 

 
As the table above shows, taken at face value the model implies that the marginal 
cost of a meter at this level is £10m.  
 
 

Industry average metering programme 
 
Rather than using the Jacobs estimate of meters installed (which may under- or over-
estimate the size of a metering programme in comparison to the rest of the industry), 
we have also examined whether it would be more appropriate to calculate the 
appropriate adjustment using the industry average level of metering. Table 16 below 
shows our calculated level of metering based on applying the industry average 
proportion of new meters.  
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Table 16. Average level of metering applied to Southern Water  

 2015-16 2016-17 2017-18 2018-19 2019-20 Total 

Metering 
programme - 
household 

selective meters - 
water service 

 
 

301,591 

 
 

301,591 

 
 

301,591 

 
 

301,591 

 
 

301,591 

 

Metering 
programme - 
household 

optional meters - 
water service 

272,771 272,771 272,771 272,771 272,771  

Households 
connected for 
water only and 

water and 
sewerage – 
metered 000 

11,232 11,742 12,252 12,761 13,271  

Non-households 
billed measured 

water 000 

1,290 1,285 1,280 1,275 1,270  

Proportion of new 
meters % industry 

average 

4.6% 4.4% 4.2% 4.1% 3.9%  

SRN Metering 
programme – 
based upon 

industry average 

31,176 31,619 32,030 32,413 32,768 160,006 

 
Based on the industry average proportion, the expected level of metering would have 
been 160,006 selective and optant meters rather than the Jacobs value of 170,001 
meters. 
 
When we reduce the number of new meters installed by one from the industry 
average level of metering (160,006), the modelled costs (WM3) falls by £122.6634. 
This implies that the marginal cost of a meter is £122.66.  
 
If we multiply this implied cost per meter by the total number of meters to be installed 
(160,006) we can estimate the full implied cost of the metering programme. This is 
the costs that the company could save if did not install any meters in AMP6 
(£122.66*(160,006-2,000) =£-19.381m). This is shown in Table 17 below.  
 
Table 17. Implied cost of AMP6 metering programme  

Meters 
installed  

Reduction in 
number of meters 

installed 

Cost per 
meter £ 

Total metering 
programme cost 

(£m) 

160,006 1 122.66  

2000 158,006 122.66 19.381 

 
Using this method, rather than starting from the Jacobs estimate implies the more 
appropriate reduction in our cost threshold should be £19.381m rather than £75m. 
This compares with £12.879m using the Jacobs estimate of 107,001 as the starting 
point.  
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Conclusions on WRMP and metering  
 
Our WRMP has now been approved by the Secretary of State. However, we do not 
believe that Ofwat should use our WRMP data as the basis for our cost projections in 
AMP6.  
 
If Ofwat does decide to use our WRMP data and retains model WM3 for Southern 
Water then we believe an adjustment is necessary such that the change in the WM3 
predicted costs represents only the value of the meters not installed.  
 
Using a value of £184 as the marginal cost of a meter implies that the appropriate 
reduction in the cost threshold is £19.689m rather than the £75.493m implied by the 
model. Using a lower value per meter of £123 – consistent with an average level of 
funding from the models – implies an appropriate reduction of £12.879m.   
 
Using a value of £184 which is broadly consistent with the funding for Southern 
Water’s UMP in AMP5 equates to a required adjustment to model WM3 of:   

 
£75.493m - £19.689m = £55.804m 

  
Table 18. Adjustment required to model WM3 

Meters 
installed  

Difference Cost per meter 
£ 

Total 
metering 
programme 
cost (£m) 

2000 
105,001 -705.536 -75.493 

2000 
105,001 -184.336 -19.689 

 
 

2.5   Model weighting and alternative models 
 
We are clear in our view that it is untenable for Ofwat to continue to use model WM3 
in the calculation of the cost threshold for Southern Water. However, Oxera has 
examined a range of alternative approaches in their report, which would mitigate 
some of the impacts of WM3 on Southern Water’s cost threshold, if it was retained. 
These are presented in full at Appendix 2, which includes full details of the additional 
models examined.  
 
The first of the approaches examined is to give equal weighting to modelling 
approaches which are conceptually different. This would mean giving equal weight to 
the top-down totex modelling as the bottom-up botex modelling. This approach would 
increase the cost threshold for Southern Water from £745m to £773m, very similar to 
the result from excluding model WM3.  
 
The second approach Oxera have examined is to use only models that capture 
Southern Water’s company-specific effects.  This can be done through using only the 
Random Effects models and would increase the cost threshold for Southern to 
£792m.  
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As noted in part one, Oxera have also examined a number of alternative models 
which, given the extreme variation between model results, could be included within 
the triangulation of results. As Table 19 below shows, taking the average across 
these results would imply a cost threshold of £784m, some £39m above the level 
predicted by the Ofwat models.  
Table 19. Predicted costs from alternative models 
 

Approach Predicted costs, 
pre-upper-

quartile 
efficiency (£m) 

Implied 
adjustment 

(£m) 

Current TOTEX prediction 745  

Oxera (2014) TOTEX (RE) 817 73 

Oxera (2014) BOTEX (RE) 722 -22 

Oxera (2014) BOTEX 2 (RE)  759 14 

Oxera (2014) TOTEX (OLS) 821 77 

Oxera (2014) BOTEX (OLS) 709 -35 

Oxera (2014) BOTEX 2 (OLS) 770 26 

WM5 (SFA) 812 68 

Oxera (2014) TOTEX (SFA) 812 68 

WM9 (SFA) 795 50 

Oxera (2014) BOTEX 2 (SFA) 792 48 

Southern Water-specific adjustment 4: 
50/50 alternative TOTEX model/bottom-up 
approach (including BOTEX)  

838 94 

Southern Water-specific adjustment 1: 
zero weight on WM3 

771 27 

Southern Water-specific adjustment 2: 
50/50 TOTEX/bottom-up approach  

773 29 

Southern Water-specific adjustment 6: 
use RE models, WM6 and WM10 (within the 
bottom-up approach) and Oxera RE models 

779 35 

Range 709 to 838  

Average 784 39 

Note: Numbers may not sum due to rounding.  

Source: Oxera.  

 

3. Board Engagement 

 
The Board is concerned that the results of Ofwat’s cost modelling, do not appear to 
properly reflect our relative efficiency derived from a methodology which does not 
appear robust, based on the advice they have received from Oxera and the further 
review by Professor Kumbhakar. They have reviewed and strongly endorsed this 
representation to mitigate   
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4. CCG 

 
Efficiency assessment is not within the remit of the Customer Challenge Group, as 
set out in Ofwat’s Information Notice IN12/05.  

5. External Assurance 

 
We have worked extensively with independent external experts in the preparation of 
our case. We ensure that the organisations that we have worked with have in place 
robust quality assurance policies.  

6. Annexes    

 
Appendix 1. Detailed evidence on model shortcomings  
 
Appendix 2: Improving the accuracy of the cost assessment for Southern Water 
 
Appendix 3: A Critique of Ofwat’s Cost Assessment Models by Distinguished 
Professor Subal Kumbhakar 
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Appendix 1. Detailed evidence on model shortcomings  
 
In part one of our submission we summarised our evidence on the shortcomings of 
the models and the application of the models to generate the cost thresholds used in 
the draft determinations. In this appendix we provide more detail on each of the key 
areas including:  
 

(a) the shortcomings in the process used to develop the models, including a 
comparison of the results with past modelling;  

(b) the key findings of an independent review of the robustness of the models 
themselves, by Oxera and Distinguished Professor Subal Kumbhakar;  

(c) the use of exogenous cost driver forecasts and the significant flaws in the 
way in which these have been generated;  

(d) the implications of Ofwat’s decision to take a simple average of models, 
rather than assessing the relative strengths of each of the models;  

(e) the calculation of the efficiency target, based on an upper quartile 
adjustment derived from a different dataset. 

 

(a) Ofwat’s model development process  
 
Ofwat’s process for developing the totex models used for PR14 has fallen short in a 
number of areas of the Principles of Good Regulation3. In particular the failure to 
share the totex models until after the risk based review, has meant a lack of 
transparency and a lack of opportunity for adequate consultation on these models. 
 
The development of advanced cost assessment tools (including totex models) is a 
complicated process and it is standard regulatory best practice for regulators to 
conduct this through a transparent iterative process with involvement from all key 
stakeholders. Ofgem, for example, worked closely with Distribution Network 
Operators to take forward the development of totex models, that had initially been 

developed through an industry led group. This included holding regular meetings of 
a Cost Assessment Working Group (CAWG)4.  
 
The degree of heterogeneity between companies in the water industry is arguably 
greater than that of other utilities, meaning a greater level of complexity in cost 
modelling. For example, for sewerage the high degree of heterogeneity between 
companies was one of the factors that, according to CEPA, made modelling of totex 
not viable. This complexity makes it even more important that a transparent open 
process is undertaken in the development of the cost models. 
 
The involvement of key stakeholders in selecting the most appropriate model cost 
drivers, the selection of the most appropriate modelling approach, validation of data 
and testing models helps to ensure that robust cost assessment tools are developed 
and that models are not devised in a way that would expose companies to inaccurate 
cost assessments.  
 
It is important that stakeholders are consulted throughout this process so that any 
data or modelling issues can be identified early and there is enough time for 
alternative models to be tested. 

                                                
3
 

http://webarchive.nationalarchives.gov.uk/20100407162704/http:/archive.cabinetoffice.gov.uk/
brc/upload/assets/www.brc.gov.uk/principlesleaflet.pdf 
4
 https://www.ofgem.gov.uk/ofgem-publications/50523/rpt-totalcostbenchmarkingatriio-ed1-

volume1-final-stc-revised25042013.pdf 
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In previous price reviews Ofwat recognised the importance of this iterative process.  
Steps 5-7 of Ofwat’s approach5 for developing the opex and capital maintenance 
econometric models used at previous price reviews reflected this iterative approach 
and Ofwat shared these cost models with the industry. Full engagement with the 
industry allowed the opex and capital maintenance econometric modelling to be 
refined where necessary. 
 
The water industry has been supportive of Ofwat’s aim of developing totex cost 
assessment tools. In 2012, a UKWIR project6 that examined different total 
expenditure approaches to cost assessment was undertaken in which Ofwat 
participated. While the UKWIR project was on going, in August 2012 Ofwat appointed 
CEPA to assist them in developing water and sewerage cost models. 
 
The CEPA team held three workshops with the UKWIR project team members in  
2012: 

 30th August 2012 – a summary was provided of CEPA’s current thinking on 
econometrics modelling 

 13th September 2012 – a summary was provided of CEPA’s initial modelling 
results 

 28 September 2012 – result of CEPA’s initial modelling was provided (the 
models were not shared). 

 
These three workshops in 2012, and a CEPA cost assessment paper in January 
2013, were the full extent of Ofwat’s engagement with the industry in development of 
the totex cost modelling until the release of data and models to companies in March 
2014.  
 

                                                
5
 http://www.ofwat.gov.uk/publications/pricereviewletters/ltr_pr0939_appendix2.pdf 

6
 http://www.ukwir.org/ukwirlibrary/95954 
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Figure 1. Totex model development process 

 
Sources: http://www.ofwat.gov.uk/pricereview/pr14/pap_tec1402feederbasiccostappb.pdf page 3 

 
In contrast to previous price reviews, Ofwat intentionally took the decision not to 
release the cost assessment models or to seek engagement with the industry in 
developing these models despite companies representations on this matter: 

“Some companies said we should make available our cost assessment 
models during 2013. We remain of the view that companies should focus on 
formulating business plans which deliver for their consumers (including 
current and future customers and the environment) in the long term, rather 
than being driven by regulatory models of cost assessment.7  

 
Ofwat’s lack of transparency is in contrast to previous price reviews, where the cost 
assessment models were shared with the industry, the principles of better regulation 
and the recommendations of the Gray review:  

“Effective consultation must take place before proposals are developed, to 
ensure that stakeholders’ views and expertise are taken into 
account.”(emphasis added)8 
 

                                                
7
 http://www.ofwat.gov.uk/pricereview/pr14/pap_pos201307finalapproach.pdf  p19 

8
 

http://webarchive.nationalarchives.gov.uk/20100407162704/http:/archive.cabinetoffice.gov.uk/
brc/upload/assets/www.brc.gov.uk/principlesleaflet.pdf 

Industry involvement 
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Ofwat needs to engage more constructively and effectively with the full range 
of stakeholders in the sector and be more transparent in its decision making.9 

 
The outcome of the CEPA project was the development of totex models that have 
been described by a leading regulatory expert as the “most complicated comparative 
efficiency models that have ever been applied in economic regulation”10.  
 
Despite the limited time between the releases of the advanced totex models in April 
2014 and submission of revised business plans on the 27 June 2014, a number of 
companies took the opportunity to make representations on the models. These have 
been summarised in technical appendix A3 of the draft price control determination 
notice. 
 
In their summary, Ofwat highlight that only two companies, Portsmouth Water and 
Thames Water, supported the modelling approach in their representations. The 
representations from the other 10 companies to respond highlight a number of key 
concerns about the model approaches.  
 
Although Ofwat recognised the validity of some of these concerns, it choose not to 
make any adjustment to the models despite strong evidence that the models suffered 
from a number of serious flaws.  
 
In particular a number of companies highlighted the poor statistical properties of 
model WM3 within the water totex modelling, including the fact that nearly half of the 
coefficients for WM3 were of the wrong signs or magnitude. Other comments on 
model WM3 included: 

 
“Dee Valley Water suggests that over fitting the model (WM3) may cause the 
model to be calibrated specifically for the sample used in estimation, thus 
reducing its predictive power” 

 
“South East Water also points to mis-specification of the WM3 model.” 

 
Our own independent expert review (see below and Appendix 3) reinforces these 
concerns about the WM3 model.  
 
As well as engaging extensively with the industry in the development of the models, 
we would have expected Ofwat and CEPA to have taken care to understand any 
significant variances with the results of the historic modelling approach that has been 
reviewed on a number of occasions by the Competition Commission, even if it did not 
use these in its “triangulation” approach.  
 
A comparison of the PR09 efficiency modelling (opex econometrics and the cost 
base) and the efficiency estimates from the new totex modelling that covers a similar 
period, show a large divergence in efficiency estimates for a number of companies 
(this comparison does not include companies which merged during AMP5). 
 

                                                
9
 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69442/ofwat-

review-2011.pdf 
10

 http://www.first-economics.com/stocktake.pdf 
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Table 1. Comparison of PR09 modelling with PR14 backward-looking model results 

 
 
 

Water 
Opex 

efficiency 
Cost Base 

(infra) 
Cost Base 
(non-infra) 

Totex model 
efficiency 

(2008-09 to 
2012-13) 

Anglian  A lower (4) 17.6% (1) -3.9% (11) 99% (9) 

Dwr Cymru  C lower (15) -2.9% (11) -0.7% (8) 110% (14) 

Northumbrian  B upper (13) 10.3% (5) 8.6% (2) 93% (4) 

Severn Trent  B upper (11) 12.6% (3) 
-15.4% 

(15) 96% (6) 

South West  B lower (14) -9.2% (14) 0.5% (7) 84% (1) 

Southern  A upper (1) 8.6% (6) -6.2% (13) 102% (11) 

Thames  B upper (12) -6.1% (12) -3.7% (10) 94% (5) 

United Utilities  B upper  (7) 13.1% (2) 4.4% (5) 103% (12) 

Wessex  B upper  (8) 12.1% (4) 5.4% (4) 101% (10) 

Yorkshire  A upper (3) 8.2% (7) 7.4% (3) 96% (8) 

Bristol B upper (10) 0.1% (9) 10% (1) 122% (15) 

Dee Valley B upper (9) 2.1% (8) -2% (9) 96% (7) 

Portsmouth A upper (2) -6.5% (13) 
-10.3% 

(14) 91% (2) 

South East  A lower (6) -13.2% (15) 1.7% (6) 93% (3) 

Sutton & East 
Surrey A lower (5) -0.9% (10) -5.3% (12) 104% (13) 

Sewerage     

Anglian  B upper (5) 15.8% (1) 9.5% (2) 100% (7) 

Dwr Cymru  C upper (10) 0% (5) -5.6 (6) 108% (10) 

Northumbrian  C upper (9) -3.5% (7) 4.3% (4) 105% (8) 

Severn Trent  A lower (4) 1.1% (4) -6.2% (7) 92% (4) 

South West  B lower (7) -3.3% (6) -6.6% (8) 97% (5) 

Southern  B upper (6) -10.2% (10) -11.1 (10) 82% (2) 

Thames  A upper (1) -5% (8) -2.5% (5) 99% (6) 

United Utilities  C upper (8) -8% (9) -7.9% (9) 107% (9) 

Wessex  A upper (2) 7.3% (3) 8.4% (3) 84% (3) 

Yorkshire  A lower (3) 12.2% (2) 13.2% (1) 75% (1) 
Source: PR09 Final determination and Calculation of the PR14 upper quartile efficiency adjustment for 
wholesale water and wastewater 

 
The divergence of results for some companies is particularly striking in the water 
models. For example, Bristol Water was judged at PR09 to be the most efficient 
company on the water Cost Base (non-infra), while being judged the most inefficient 
on totex; South West Water was judged at PR09 to be the second worst on opex 
econometrics and the Cost Base (infra), while being judged the most efficient 
company, by a significant margin, on a totex basis. Oxera commenting on the 
changes in Southern Water’s ranking suggest “the significant difference in Ofwat’s 
ranking raises questions about the robustness for the current models.” 
 
For the sewerage service there is more convergence between results, except for 
Southern Water, which was judged to be the least efficient on the cost base but the 
second most efficient on a totex basis. 
 
Although the dis-aggregated cost estimates (opex econometrics and the Cost Base) 
would not take into account the level of efficiency in allocating resources between 
opex and capex, this factor is unlikely to be sufficient to explain the differences in 
efficiency estimates. 
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(b) Independent review of the robustness of the models  
 
To inform our response to Ofwat’s earlier invitation for representations on the 
models, we commissioned a review by Oxera, who identified a number of necessary 
adjustments to counter some of the more material failings in the modelling. Given 
Ofwat’s failure to make any adjustments in the draft determination, we have 
commissioned a further more detailed model review and critique by Professor Subal 
Kumbhakar, one of the world’s leading academics in the field of econometrics and 
efficiency assessment.  
 
We also asked Oxera to carry out a further more detailed review, taking account of 
the comments from Professor Kumbhakar. Copies of their reports are attached at 
Appendix 2 and 3.  
  
Professor Kumbhakar is unequivocal in his view that “In my judgement many of the 
models used by Ofwat are poor on both economic and econometric grounds”. That 
judgement reflects his conclusions that: 
 
(i) The models are not consistent with economic theory and not statistically 

robust. In particular he notes that “WM3 is the weakest model on economic 
grounds, with more than half of the coefficients having the wrong sign or 
magnitude.” And that there is “no theoretical or empirical reason to support its 
use in efficiency analysis.” There are other simpler models that are sensible 
from both an economic and a statistical point of view and are equally flexible 
(defined in terms of goodness of fit). These, in Professor Kumbhakar’s view, 
should be used instead or, at the very least, used as an additional cost 
prediction point(s). 

(ii) The predicted costs are likely to be wrong. As a consequence he is 

clear that “the final result based on model averaging (triangulation) will also be 
incorrect.” 

 
He also comments on Ofwat’s decisions on “triangulation” between models and the 
calculation and use of the upper quartile to set an efficiency target. We summarise 
these in section 2.2.2(a) and 2.2.3(b) below.  
 
Oxera’s new paper focuses on the impact of some of these shortcomings on 
Southern Water. They highlight that the results for Southern Water differ by £176m 
between the modelling approaches. Within this they again highlight the fact that 
model WM3 is particularly inaccurate for Southern Water, with a confidence width of  
0.15 times its predicted costs (both in logs), as shown in Figure 2 below. This 
compares with an industry average confidence width ratio of 0.07, and the second-

highest confidence width ratio of only 0.125. 
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Figure 2. WM3 confidence widths  

 
 
 
 

(c) Use of exogenous cost driver forecasts   
 
Ofwat has based its cost projections on cost driver data that has been derived 
entirely independently of companies business plans and the outcomes they propose 
to deliver in AMP6. It has chosen to use simple extrapolations of historic data, 
produced on its behalf by engineering consultancy Jacobs, in preference to the 
detailed cost driver data that it has collected as part of its information requirements 
for the price review.  
 
Ofwat has acknowledged that the use of company cost drivers has “the potential to 
better reflect company and region specific circumstances”11, but argues that there 
may be still some advantages in using independent forecasts to cross-check 
company data. We do not disagree that such third party data may provide a useful 
basis for challenge. However it is important that if independent forecasts are used, 
the methodology for arriving at these forecasts is robust.  
 
As we demonstrate below, the use of such data in the risk-based review would have 
materially (dis)advantaged  a number of companies, as they would have led to 
companies’ business plan submissions being compared against inaccurate modelled 
forecast costs.   
 
The methodology employed by Jacobs is far from robust and can at best be 
described as simplistic. Most of the cost drivers are extrapolated using simple historic 
trends (averages based on 2006-07 to 2012-13 data) or a single data point (2012-
13). 
 

                                                
11

 Draft price control determination: technical appendix A3 – wholesale water and wastewater 
page 101. 
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In our June submission we highlighted the inaccuracies of using this method (that 
assumes that future cost drivers will follow the same trend as past cost drivers), in 
particular for Southern Water, which is subject to a number of changes in cost 
drivers. For example, Jacobs projections entirely fail to take into account our 
Universal Metering Programme, the first of its kind in the sector and well known to all 
involved in the water industry. Instead Jacobs used a simple trend of data up to 
2012-13, forecasting that only 62% of our customers would be metered by 2015-16. 
 
The level of inaccuracy between these extrapolations and companies’ actual data will 
vary between companies. However, the methodology adopted for calculating the data 
itself systematically introduces inaccuracies due to the following flaws in the 
methodology: 

 it combines data from unrelated forecasts sources;  

 it takes no account of outlier data points when taking simple averages;   

 each cost driver is forecast independently, even when cost drivers are closely 
related;  

 inappropriate simplifying assumptions have been made.  
 

We set out below examples of each of these methodological flaws and highlight the 
material impact on company forecasts where possible.  

 

2.2.1(a) Combination of unrelated forecasts sources - connected 
metered customers and installed meters 

 
The Jacobs data contains a trend forecast for: 

 “Households connected for water only and water and sewerage - metered 
000s” (ref C00268_W003); and  

 “Total number of new connections” (ref W4008_W003)”.  
 

As each new connection will be metered, the difference between the two variables 
should give the implied level of optant and selective metering. This is shown in Table 
2 below. 
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Table 2. Implied level of selective and optant metering 

 Change in 
Households 

connected for water 
only and water and 
sewerage - metered 

000s (year end) 
 

2015-16 to 2019-20 

Change in Total 
number of new 

connections 000s 
 

2016-17 to 2019-20 

Implied level of 
optant and selective 

metering 000s 
 

2016-17 to 2019-20 

ANH 212 72 139 

WSH 89 30 59 

NES 144 41 103 

SVT 221 84 137 

SWT 103 25 78 

SRN 152 28 124 

TMS 214 95 119 

UU 259 66 193 

WSX 66 22 44 

YKY 179 57 122 

AFW 122 42 79 

BRL 46 18 28 

DVW 11 3 7 

PRT 26 7 18 

SBW 24 6 18 

SEW 93 30 63 

SSC 51 17 34 

SES 30 8 21 

 
The risk-based review totex modelling used draft Water Resources Management 
Plan (dWRMP) forecasts of the number of optant and selective instead of Jacobs 
data. Table 3 below shows the difference between the implied level of optant and 
selective metering from Table 2 and the DWRMP data. 
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Table 3. Comparison of implied and actual level of metering  

 Implied level of optant 
and selective metering 

000s 
 

2016-17 to 2019-20 

Number of meters 
installed (optant and 
selective) (dWRMP) 

000s 
 

2016-17 to 2019-20 

Difference 000s 

ANH 139 119 -21 

WSH 59 66 7 

NES 103 94 -9 

SVT 137 125 -12 

SWT 78 79 1 

SRN 124 86 -39 

TMS 119 489 370 

UU 193 179 -14 

WSX 44 45 1 

YKY 122 160 38 

AFW 79 401 322 

BRL 28 70 42 

DVW 7 8 1 

PRT 18 19 1 

SBW 18 9 -9 

SEW 63 292 229 

SSC 34 29 -5 

SES 21 28 7 

 
For a number of companies the use of dWRMP data significantly overstates the 
number of selective and optant meters that will be installed compared to the implied 
number of selective and optant meters. As a result, these companies are being 
funded for installing meters without a corresponding increase in meter customer 
number (which in the models results in a fall in forecast costs).  
 
Table 4 below shows the impact of using the lower Jacobs forecasts of selective and 
optant meter for the companies with the largest differences. Each of these is more 
than double Ofwat’s own view of what constitutes a material impact (0.5% of totex).  
 
Table 4. Impact on forecast combining unrelated data sources 

 Use of Jacobs 
forecast instead of 

dWRMP 

% of average costs 

TMS -£46.6m 1.3% 

AFW -£12.2m 1.1% 

SEW -£7.9m 1.1% 

 

 
2.2.1(b) No account is taken of outlier data points when taking simple 
averages – planned interruptions  

 
The Jacobs data includes a forecast for:  

 DG3 properties affected by planned and warned interruptions of more than 3 
hours” (Ref W4001_W003); which is used to calculate the cost driver,  

 “Percentage of properties affected by planned interruptions greater than three 
hours  
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This is shown in Table 5 below. 
 
Table 5. Percentage of properties affected by planned interruptions  

 2015-16 2016-17 2017-18 2018-19 2019-20 

ANH 1.0% 1.0% 1.0% 1.0% 1.0% 

WSH 5.3% 5.3% 5.3% 5.2% 5.2% 

NES 2.4% 2.4% 2.4% 2.3% 2.3% 

SVT 6.2% 6.2% 6.2% 6.2% 6.1% 

SWT 21.5% 21.3% 21.2% 21.0% 20.9% 

SRN 0.7% 0.7% 0.7% 0.7% 0.7% 

TMS 1.2% 1.2% 1.2% 1.2% 1.2% 

UU 3.5% 3.5% 3.5% 3.5% 3.5% 

WSX 13.6% 13.5% 13.4% 13.3% 13.2% 

YKY 1.6% 1.6% 1.6% 1.6% 1.6% 

AFW 2.7% 2.7% 2.7% 2.7% 2.7% 

BRL 2.5% 2.5% 2.4% 2.4% 2.4% 

DVW 2.1% 2.1% 2.1% 2.1% 2.1% 

PRT 1.2% 1.2% 1.2% 1.2% 1.2% 

SBW 0.7% 0.7% 0.7% 0.7% 0.7% 

SEW 1.9% 1.9% 1.9% 1.8% 1.8% 

SSC 1.7% 1.7% 1.7% 1.7% 1.7% 

SES 4.0% 4.0% 4.0% 4.0% 4.0% 

Industry 
Average 

3.7% 3.6% 3.6% 3.6% 3.6% 

 
South West Water, highlighted, is a clear outlier with forecast planned interruption 
levels more than six times greater than the industry average (and an implied 
interruption level greater than 100% of its customer base over the AMP).   

 
The calculation of the average level of planned interruption for South West Water is 
based upon a range of values from a high of 377,205 (2006-07) to a low of 6,987 
(2012-13). Rather than a full examination of each data point and an adjustment to 
take account of any exceptional years, an arbitrary assumption has been made to 
take a simple average.  

 
Figure 3. 

 
Source: http://www.ofwat.gov.uk/pricereview/pr14/pap_tec1402feederbasiccostappd.pdf 
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If we instead take a single data point 2012-13, which would appear more 
representative of current performance (an approach used by Jacobs for the mains 
relined (km) variable), then the annual level of planned interruptions would be a more 
realistic 7,000 per annum rather than 174,000.  
 
As the coefficient for the Properties affected by planned interruptions > 3 hrs in the 
totex models (WM3) is positive, companies receive higher forecast costs for higher 
levels of planned interruptions. An adjustment of South West Water’s planned 
interruption levels using the single 2012-13 data point rather than the average 2006-
07 to 2012-13 would have the following impact. Again the impact is far in excess of 
what Ofwat deems material.  

 
Table 6. Planned interruptions: comparison of South West Water data  

 Planned 
interruptions 

> 3 hours:  
2012-13 

Planned 
interruptions 

> 3 hours:  
average 

2006-07 to 
2012-13 

Financial 
impact of 

using 2012-
13 value 

% of 
average 

costs 

SWT 6,987 174,399 -£20.5m 3.1% 

 
Clearly the Jacob’s forecast for planned interruption for South West Water is 
implausibly too high and is seven times higher than companies own forecast included 
in the draft determination. 
 
Table 7. Planned interruptions: South West Water data  

 2015-16 2016-17 2017-18 2018-19 2019-20 

SWT Jacobs forecast 174,399 174,399 174,399 174,399 174,399 

SWT Draft 
Determination 

25,000 24,000 21,000 20,000 20,000 

 

 

2.2.1(c) Each cost driver is forecast independently, even when cost 
drivers are related 
 
Based upon Jacobs’ forecasts, the totex model calculates the proportion of metered 
properties cost driver as; 

 

 Households connected for water only and water and sewerage – metered  
plus 

 Non-households billed measured water (BN2210_W003)  
divided by 

 Total connected properties at year end (BN1001_W003) 
 
Table 8 below shows the Jacobs forecast for the proportion of metered customers 
across AMP6 and the percentage change over the AMP. 
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Table 8. Proportion of metered customers in AMP6 

 2015-16 2016-17 2017-18 2018-19 2019-20 % 
change 

ANH 76.0% 77.8% 79.7% 81.5% 83.3% 7.4% 

WSH 41.9% 43.2% 44.6% 45.9% 47.2% 5.3% 

NES 43.6% 45.3% 47.0% 48.7% 50.4% 6.8% 

SVT 43.3% 44.6% 46.0% 47.3% 48.6% 5.3% 

SWT 83.6% 86.2% 88.8% 91.4% 93.9% 10.3% 

SRN 62.1% 65.2% 68.3% 71.3% 74.3% 12.2% 

TMS 38.5% 39.9% 41.4% 42.8% 44.2% 5.7% 

UU 40.7% 42.5% 44.3% 46.1% 47.8% 7.2% 

WSX 62.9% 65.1% 67.3% 69.5% 71.6% 8.7% 

YKY 48.5% 50.2% 51.8% 53.5% 55.1% 6.7% 

AFW 53.3% 55.1% 56.8% 58.6% 60.3% 7.0% 

BRL 47.5% 49.3% 51.2% 53.1% 54.9% 7.5% 

DVW 60.5% 62.3% 64.0% 65.8% 67.5% 7.1% 

PRT 31.0% 32.9% 34.7% 36.6% 38.5% 7.5% 

SBW 72.3% 74.7% 77.1% 79.5% 81.9% 9.6% 

SEW 57.8% 59.9% 62.0% 64.1% 66.2% 8.5% 

SSC 42.9% 44.5% 46.1% 47.7% 49.2% 6.3% 

SES 49.1% 51.5% 53.9% 56.3% 58.6% 9.5% 

 
The totex model also includes related cost drivers: 

 Proportion of usage by metered household properties; and  

 Proportion of usage by metered non-household properties.  
 

If we add these together we can calculate the total usage by metered customers as:  

 Proportion of usage by metered household properties  
plus  

 Proportion of usage by metered non-household properties. 
 

Table 9 below shows the proportion of water usage by metered customers. 
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Table 9. Proportion of usage by metered customers 

 2015-
16 

2016-
17 

2017-
18 

2018-
19 

2019-
20 

% 
change 

ANH 69.9% 70.6% 71.2% 71.8% 72.4% 2.5% 

WSH 41.4% 41.6% 41.7% 41.8% 41.9% 0.5% 

NES 45.2% 45.7% 46.2% 46.7% 47.2% 1.9% 

SVT 46.9% 47.2% 47.6% 47.9% 48.2% 1.2% 

SWT 64.9% 65.6% 66.4% 67.1% 67.9% 3.0% 

SRN 54.3% 55.3% 56.3% 57.4% 58.4% 4.1% 

TMS 41.7% 42.0% 42.2% 42.5% 42.8% 1.0% 

UU 43.4% 43.4% 43.4% 43.4% 43.5% 0.0% 

WSX 53.8% 54.0% 54.2% 54.4% 54.7% 0.9% 

YKY 46.3% 46.5% 46.6% 46.8% 47.0% 0.7% 

AFW 51.6% 52.5% 53.5% 54.5% 55.5% 3.9% 

BRL 47.1% 47.6% 48.2% 48.8% 49.4% 2.3% 

DVW 58.2% 58.6% 59.0% 59.3% 59.7% 1.6% 

PRT 35.5% 36.0% 36.6% 37.1% 37.6% 2.1% 

SBW 75.9% 76.6% 77.2% 77.8% 78.5% 2.5% 

SEW 54.4% 55.8% 57.1% 58.5% 59.9% 5.5% 

SSC 46.2% 46.6% 47.1% 47.6% 48.1% 1.9% 

SES 47.6% 49.2% 50.9% 52.5% 54.1% 6.6% 

 
The first point to note is the difference between the growth in the metered properties 
and the usage. For example, the Jacobs data assumes that the proportion of 
Southern Water’s customers that are metered is going to increase by over 12% over 
the AMP, while assuming that the proportion of water usage by metered customers 
will only grow by 4%.  

 
Second, there are large and growing variations between the metered connected 
percentage and the metered usage percentages, this is shown in the graph below.  
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Figure 4. Difference between proportion of metered customers and metered usage 

   
The largest gap between metered connected and metered usage number is for South 
West Water, where it grows from around 19% (83.6% metered customers – 64.9% 
metered usage) at the start of the AMP to nearly 26% (93.9% metered customers – 
67.9% metered usage) by the end of the AMP.   

 
Projecting forward the Jacobs forecast for the number of customers metered and 
metered customer usage for South West Water would imply that by 2022-23, 100% 
of South West Water’s customers would be metered, but they would only use 70% of 
water, clearly an absurd result.  
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Figure 5. Difference between proportion of metered customers and metered usage: South 
West Water  

 
 
 

2.2.1(d) Inappropriate simplification assumptions have been made  
 
Figure 6 below shows the historic and forecast level of water delivered (potable) for 
each company (2006-07 = 100).  
 
Figure 6. Difference between proportion of metered customers and metered  
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Although there is a wide range of changes in historic levels of water delivered, 
Jacobs has simply assumed that Water delivered (potable) is the average of 2006-07 
to 2012-13 data. This introduces systemic biases into the forecast. 

 
Companies are required to follow a rigorous methodology for forecasting water 
demand that follows guidance issued by the Environment Agency, Ofwat, Defra and 
the Welsh Government12.  

 

 
Source: Water resources planning guideline page 67 

 
 
 

                                                
12

 http://wrse.org.uk/sites/default/files/GEHO0612BWPE-E-E.pdf 
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This guidance requires companies to take into account a number of factors that could 
increase or decrease the level of water usage including: 

 changes in household numbers; 

 changes in household usage; 

 changes in non-household numbers; 

 changes in non-household usage; 

 the impact of the companies water efficiency policies. 
 

A company’s average water demand would remain flat only if there was a perfect 
balance between the changes in each of these variables i.e. the growth in usage 
from the increase in the number of households was totally matched by any fall in 
usage by non-household customers. 

 
For the period 2006-07 to 2012-13 there has been a wide range of changes in water 
usage, from a growth of 1.5% for Sutton & East Surrey to a fall of over 11% for 
United Utilities. If in this period it had been assumed that the level of water usage 
was to remain flat then the actual change in water usage would have been 
underestimated for Sutton and East Surrey and would have been dramatically 
overestimated for United Utilities.  
 
Although it might be appropriate to make a simplifying assumption for the trend 
change in a variable that is not expected to change significantly, such as the length 
of mains, it is not appropriate to make a similar assumption about a variable that is 
affected by a large number of drivers. As is clear from the above, this could lead to 
an over/under-estimation of the variable of greater than 10%.   
 

(d) Averaging of model results  
 
Ofwat has applied a simple average weighting to each of the different models, as it 
considers that there is “no compelling evidence to suggest different weights to 
different models”. Implicit in Ofwat’s decision to apply equal weighting to each model, 
is the application of different weightings to the modelling specifications. 
 
By choosing an equal weighting between the models, Ofwat has applied a 66% 
weighting to the totex models and a 33% weighting to the botex models. 
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Figure 7. Weighting of model approaches 

 
 

Although Ofwat considers totex approaches to have advantages over disaggregated 
models, it has not provided compelling evidence to suggest that the totex modelling 
results are twice as robust as the botex models (and should therefore be given twice 
as much weighting). 

 
Even if in theory there may be advantages of totex modelling, given the poor 
statistical properties of the totex models (in particular the full totex model) it would be 
more valid to apply equal weighting on the totex and botex models to more 
accurately forecast costs. This corresponds to triangulation option 2 that CPEA and 
Ofwat consider “Triangulating across disaggregated models to reach a single bottom-
up ‘totex’ value and then combining this with a single value from top-down ‘totex’ 
models”. 

 
In the CEPA paper, they state that ‘in practice there is little difference between the 
results of the triangulation process”, although this might be true when the averaging 
is done across the industry, this is not the case for individual companies. This is 
shown in Table X below. This highlights that for two companies, Southern Water and 
Sutton & East Surrey the averaging method selected reduces the predicted costs by 
almost 4%. Put another way, the use of a different averaging method would, on its 
own, have reduced the efficiency gap for Southern Water by almost two-thirds.  

 

Totex models – 
66% weighting 

Botex models - 
33% weighting 
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Table 10. Effect of weighting on model results  

 66.6%/ 
33.3% 

Weighting 
Totex-
botex 
(£m) 

50%/50% 
weighting 

Totex – 
botex 
(£m) 

Difference 
(£m) 

% 
Difference 

ANH 1501 1490 -11 -0.7% 

WSH 1168 1120 -48 -4.1% 

NES 1282 1253 -30 -2.3% 

SVT 2395 2388 -7 -0.3% 

SWT 696 666 -30 -4.4% 

SRN 745 773 29 3.8% 

TMS 3729 3620 -108 -2.9% 

UU 2087 2064 -23 -1.1% 

WSX 492 477 -14 -2.9% 

YKY 1466 1456 -10 -0.7% 

AFW 1080 1107 27 2.5% 

BRL 338 342 4 1.2% 

DVW 78 79 1 0.7% 

PRT 137 138 0 0.2% 

SBW 118 119 0 0.4% 

SEW 736 747 10 1.4% 

SSC 382 382 0 0.1% 

SES 198 206 8 4.1% 

Industry 18,628 18426 -202 -1.1% 

     

SRN 
data 

735 783 48 6.5% 

 

 
 

Independent review of Ofwat’s approach to averaging  
 
In his review of Ofwat’s modelling approach Professor Kumbhakar has examined 
Ofwat’s approach to “triangulation” between models. On this issue he says:  
 
(i).  Averaging reduces the accuracy of the results. This reflects the fact that it 

can be shown from an economic and statistical perspective that one of the 
models is more efficient. Therefore, including the less accurate models in the 
averaging reduces model accuracy. 

 
(ii)  The cost predictions become more imprecise for Southern Water when 

WM3 is used as part of the averaging process. This reflects the very wide 
confidence widths associated with this model’s results.  

 
From this he concludes that if the poor models are retained, “one should at least put 
more weight on the models that are better than others.” Thus, only RE models (i.e. 
WM6 and WM10) should be used when the pooled OLS models are rejected. 
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Oxera have also looked extensively at the issue of averaging in their latest review. 
They also note that the model predictions are significantly wider for Southern Water 
than for many companies making the choice of averaging critical in Southern Water’s 
case. They also note that inclusion of Southern Water’s own data in the models 
increases the variability between models to an infeasible £296m (61%).   
 
Oxera make clear that, in their view, when such discrepancies occur it is important to 
look for alternative sources of evidence including from alternative models. They 
therefore examined a range of additional models which are statistically and 
operationally robust, and are able to reduce the cost prediction range. Table 11 
below shows the output of their alternative models, which are described in full in their 
paper.  
 
Table 11. Oxera alternative models  

Approach Predicted costs, pre-
upper-quartile 
efficiency (£m) 

Implied 
adjustment (£m) 

Current TOTEX prediction 745  

Oxera (2014) TOTEX (RE) 
817 73 

Oxera (2014) BOTEX (RE) 722 -22 

Oxera (2014) BOTEX 2 (RE)  759 14 

Oxera (2014) TOTEX (OLS) 821 77 

Oxera (2014) BOTEX (OLS) 709 -35 

Oxera (2014) BOTEX 2 (OLS) 770 26 

WM5 (SFA) 812 68 

Oxera (2014) TOTEX (SFA) 812 68 

WM9 (SFA) 795 50 

Oxera (2014) BOTEX 2 (SFA) 792 48 

Southern Water-specific adjustment 4: 
50/50 alternative TOTEX model/bottom-up approach 
(including BOTEX)  

838 94 

Southern Water-specific adjustment 1: 
zero weight on WM3 

771 27 

Southern Water-specific adjustment 2: 
50/50 TOTEX/bottom-up approach  

773 29 

Southern Water-specific adjustment 6: 
use RE models, WM6 and WM10 (within the bottom-up 
approach) and Oxera RE models 

779 35 

Range 709 to 838  

Average 784 39 

Note: Numbers may not sum due to rounding.     Source: Oxera.  

 
They also examine alternative weighting rules and demonstrate that, when taken 
together with the alternative cost models the implied adjustment required for 
Southern Water is of the order of £39m.  
 

(e) Calculation of efficiency target   
 
Ofwat has used the simple average of its models to calculate the predicted costs for 
a company of average efficiency, based on third party cost driver extrapolations. It 
has then applied an adjustment based on the upper quartile of its historic efficiency 
modelling.  
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The application of a consistent percentage adjustment to move companies to the 
upper quartile is both more challenging than that used at previous price reviews, both 
by Ofwat and other regulators, and does not take account of differences in the 
accuracy of the model predictions for different companies.  
 
Although it is appropriate for regulators to set challenging efficiency target on 
companies, it is important that this target reflects: 

(a) regulatory precedent from other sectors. 
(b) the statistical robustness of the models; 
(c) data errors and process errors; 

 

Regulatory precedent for calculation of efficiency catch-up 
 
At previous price reviews, Ofwat has applied a 60% catch-up to the frontier for opex 
and an efficiency target for capex against the median. 

 
As recognised by the Competition Commission13, the 60% catch-up rate reflected the 
“noise” in Ofwat’s efficiency estimate. To account for some of this noise in the opex 
econometrics Ofwat included adjustments for special factors and an adjustment to 
the residuals to account for ‘possible errors in the data and in our statistical 
process”14 (10% for water and 20% for wastewater) before efficiency rankings were 
calculated. 

 
Despite making no equivalent adjustment to the totex models that were used to 
calculated the upper quartile adjustments, or any adjustments to account for the poor 
statistical properties of some of the models (that would increase the noise of the 
model) or use of modelling techniques which would better account for noise (such as 
stochastic frontier analysis), Ofwat has moved to a more challenging upper quartile 
adjustment for this price review.  

 
Although Ofwat state that the use of the upper quartile is consistent with the 
efficiency challenge set in other regulated sector such as RIIO-GD1, this fails to take 
into account the difference in the length of the price review between these sectors. 
The table below shows the range of efficiency targets between sector. It clearly 
shows that compared with a range of other regulators typical efficiency challenges, 
Ofwat’s is aggressive.  

    

                                                
13

 http://webarchive.nationalarchives.gov.uk/20111108202701/http:/competition-

commission.org.uk/inquiries/ref2010/bristol/pdf/appendices_and_glossary_merged.pdf page H20 

 
14

 http://www.ofwat.gov.uk/publications/pricereviewletters/ltr_pr0939_appendix2.pdf 
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Table 12. Regulatory precedent for efficiency targets  

Regulator, Sector, Decision Description 

Competition Commission, 
Water, Bristol Water (2010).15 

In 2010, the Competition Commission (CC) 
determined the appropriate adjustment factor 
for Bristol Water for the period 2010 to 2015. 
As part of its analysis, the CC found evidence 
to suggest that, on average, most companies 

made up less than 60 per cent of the efficiency 
gap identified by Ofwat’s analysis.  However, 
the CC recognised weaknesses in its analysis 

and attached more weight to that 
commissioned by UK Water Industry 

Research. Ofwat pointed out that “…the 
findings from this report implied that the 

industry had on average met the 60 per cent 
target…”. 

Ofgem, Gas distribution, 
electricity transmission and 

gas transmission 
RIIO-GD1, RIIO-T1 (2012).16 

In its recent energy distribution and 
transmission price controls decisions, Ofgem 
required gas distributors to close 75 per cent 
of the gap to the frontier over a price control 
period of eight years. This is equivalent to 

closing 47 per cent of the gap over five years. 

ORR, Rail, 
Network Rail (2013).17 

ORR required Network Rail to close 60 per 
cent of its efficiency gap between 2008 and 
2013.  ORR recently found that Network Rail 
had, in fact, closed 51 per cent.  Accordingly, 
ORR has decided that Network Rail should 
close the remaining 49 per cent of the gap 

over the next five years. 

 

Independent review of Ofwat’s upper quartile adjustment  
 
Professor Kumbhakar also notes that, in addition to being more challenging than 
many previous regulatory determinations, the existence of noise, which will vary 
between companies within the models, means “the inefficiency of some companies 
will still be overestimated, while that of others will be underestimated no matter how 
the adjustment factor is defined.” 
 
This is particularly pertinent for Southern Water, for whom the cost predictions for 
WM3 are significantly more inaccurate than they are for any other company (see 
above) meaning that, “Southern Water’s predicted costs adjusted for the UQ are 
likely to underestimate its ‘required’ cost level”.  

                                                
15

 http://webarchive.nationalarchives.gov.uk/20111108202701/http:/competition-

commission.org.uk/inquiries/ref2010/bristol/pdf/appendices_and_glossary_merged.pdf 
16

 https://www.ofgem.gov.uk/ofgem-publications/48159/5riiogd1fprpedec12.pdf 
17

 http://www.rail-reg.gov.uk/pr13/PDF/dd-chapters-3-11.pdf 
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Furthermore, he states that “a company predicted as efficient based on a model with 
incorrect coefficient (and incorrect elasticity) estimates cannot be chosen as a 
benchmark.” As a result of the modelling weaknesses, the UQ companies are likely 
to be incorrectly identified and the UQ challenge is equally likely to be incorrect. 
Professor Kumbhakar suggests that the use of Stochastic Frontier Analysis (SFA) 
would allow company and model-specific uncertainty to be accounted for. (Oxera 
have developed alternative models using SFA, each of which produces a result for 
Southern Water that is higher than - see Table 11 above.)  Alternatively, the 
efficiency challenge could be related to the company-specific uncertainty in each 
model.  
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Executive summary  

The total expenditure (TOTEX) allowance for PR14 is derived from the 
Ofwat/CEPA cost assessment models, by averaging the predicted costs from the 
three modelling approaches: WM3 (33%), WM5/6 (33%), and the bottom-up 
approach including WM9/10 and ‘unit cost’ models (33%).1

Oxera (2014) found that Ofwat’s modelling (as developed by CEPA) provided a 
significantly more inaccurate cost prediction for Southern Water compared with 
all other companies.

  

2,3 For example, Ofwat’s modelling produced widely 
divergent predicted costs for Southern Water—its predicted water service 
TOTEX currently differs by £176m, or 26%, between the three modelling 
approaches. This inaccuracy is also reflected in the extreme statistical 
confidence width around Southern Water’s cost prediction based on WM3 (see 
Figure 1). The statistical confidence widths provide a measure of the relative 
accuracy of the cost predictions from the model.4 Figure 1 shows a histogram of 
confidence width ratios across the water companies, whereby the higher the 
ratio, the greater the expected variation in the predicted costs. As shown in the 
figure, Southern Water is an extreme outlier compared with all other companies 
in the sector.5

Figure 1 Confidence width around Southern Water’s cost prediction 
based on WM3 

 

 

Source: Oxera. 

Kumbhakar (2014) discusses several issues with the current modelling that 
contribute to this inaccuracy.6

To address this inaccuracy, Oxera (2014) recommended that a number of 
pragmatic adjustments be made to Ofwat’s modelling approach, which provided 

 

                                                
1
 Unit costs and unmodelled costs are also added to the BOTEX models WM9 and WM10 to reflect 
enhancement expenditure.  

2
 Oxera (2014), ‘Ofwat’s cost assessment framework: a review’, report prepared for Southern Water, June.  

3
 The Ofwat models were developed in CEPA (2014), ‘Cost assessment – advanced econometric models’, 
March. 

4
 Figure 1 shows the ratio of the logarithm of the confidence width to the logarithm of the predicted costs.  

5
 The figure shows the distribution of the companies across the industry based on the proportion of companies. 

6
 Kumbhakar, S. (2014), ‘A Critique of Ofwat’s Cost Assessment Models’, September. 
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an adjustment of about £40m–£48m and would provide a more accurate TOTEX 
prediction, of £785m–£793m, for Southern Water.7

For this study, Oxera was asked to develop alternative models and to identify 
any adjustments to Ofwat’s water service models in order to determine a more 
robust and more accurate TOTEX prediction for Southern Water. Therefore, 
Oxera has developed alternative TOTEX and base expenditure (BOTEX) 
models that are more robust (from both an economic and a statistical 
perspective) than the Ofwat models and mitigate some, but not all, of the issues 
identified in Oxera (2014) and Kumbhakar (2014). 

 

It is worth noting that Oxera’s alternative modelling ranks Southern Water as the 
9th most efficient company, based on the average ranking across the models, 
compared to Ofwat’s ranking of 16th. The former is much closer to Ofwat ranking 
Southern Water 6th at PR09 and the significant difference in Ofwat’s ranking 
raises questions about the robustness for the current models.8

These models also provide a much narrower range for Southern Water’s 
predicted TOTEX—increasing Ofwat’s lower bound cost prediction and reducing 
its upper bound cost prediction (see Figure 2 below). Moreover, the preferred 
alternative TOTEX models, based on a stochastic frontier analysis (SFA) 
approach (highlighted with light blue shading), which objectively removes both 
company-specific effects and noise,

 

9 provide a particularly tight range for 
Southern Water’s predicted water services TOTEX―around £792m–£812m, 
with an average of about £803m.10,11

                                                
7
 As discussed in Oxera (2014), this adjustment should be combined with Southern Water’s cost driver 
projections where robust evidence is provided that these are more accurate than Jacobs’ projections. 

 When combined with the other alternative 
robust BOTEX and TOTEX models, using random effects (RE) (which is 
statistically preferred to ordinary least squares, OLS), the range increases to 
£722m–£817m, with an average of about £787m. 

8
 The Competition Commission (CC) has previously considered that water companies' efficiency rankings are 
relatively stable over time, stating a ‘company’s efficiency is likely to be positively correlated across years ... 
and so a water company’s position in previous years will play an important role in determining its future 
position’, Competition Commission (2012), ‘South Staffordshire Plc/Cambridge Water PLC merger inquiry: A 
report on the completed acquisition by South Staffordshire Plc of Cambridge Water PLC’, para. 5.44. From 
April 1 2014, the Competition and Markets Authority (CMA) took over the functions of the CC and the 
competition and certain consumer functions of the Office of Fair Trading, as amended by the Enterprise and 
Regulatory Reform Act 2013. 

9
 Kumbhakar, S.C., Lien, G. and Hardaker, J.B. (2014), ‘Technical efficiency in competing panel data models: a 

study of Norwegian grain farming’, Journal of Productivity Analysis, 41, pp. 321–37; Colombi, R. Kumbhakar, 
S.C, Martini, G. and Vittadini, G. (2014), ‘Closed-skew normality in stochastic frontiers with individual effects and 
long/short-run efficiency’, Journal of Productivity Analysis, 42, pp. 123–36. 
10

 Both TOTEX and BOTEX models were developed using a general-to-specific modelling approach and a 
random effects (RE) estimator, taking into account both operational and economic characteristics. The models 
have intuitive signs and coefficients. The enhancement expenditure predicted from CEPA’s models (from 
weighting the predicted enhancement expenditure from WM3, WM5/6 and WM9/10) was added to the BOTEX 
models to provide an estimate of TOTEX. Furthermore, it is worth noting that the models perform as well as, 
and in many cases better than, Ofwat’s models on a number of statistical tests, as demonstrated in Appendix 
A2. 

11
 When also including the OLS results (the RE models are statistically preferred to the OLS models) and some 
of the pragmatic adjustments first suggested in Oxera (2014), the range becomes £709m–£838m, with an 
average of about £784m. 
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Figure 2 Predicted costs for Southern Water across alternative models 

 
Note: Figure may not be to scale.  

Source: Oxera. 

This suggests that an exceptional adjustment of about £39m–£58m may be 
appropriate as a Southern Water-specific adjustment to the CEPA modelling 
prediction of £745m.  
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1 Introduction  

On 29 August 2014 Ofwat published its draft determinations, including the 
results from its cost assessment.  

Southern Water commissioned Oxera to assess whether Ofwat’s models 
accurately predicted Southern Water’s cost requirements and, if inaccurate, 
whether the accuracy could be improved.12 This report has been produced using 
insights from Oxera (2014)13 and Kumbhakar (2014).14

• analyse the impact of any identified issues on the predicted costs for 
Southern Water; 

 In particular, Oxera was 
asked to: 

• identify any adjustments to the approach in order to produce a more robust 
cost prediction for Southern Water. 

Given the timescales and the complexity of the modelling, it has not been 
possible to examine all possible mitigation options in response to all of the 
identified issues. Indeed, given the stage in the PR14 process, a completely new 
framework or major structural changes to the current framework have not been 
examined. Rather, Oxera has sought to identify and develop robust adjustments 
to Ofwat/CEPA’s framework, including alternative econometric models that result 
in a more accurate cost prediction for Southern Water.15

This report focuses on water services (most of the analysis is based on 
examining the water service models). However, many of the issues identified in 
the report also relate to sewerage, with the notable exception of discussions 
around the TOTEX and ‘full’ models, which are used for water services only. 

  

The remainder of this report is structured as follows. 

• Section 2 examines Southern Water’s specific circumstances that are not 
captured by the models or the current framework. 

• Section 3 predicts Southern Water’s cost requirements over AMP6, using a 
number of alternative approaches. 

• Appendix A1 examines whether the current Ofwat/CEPA models are reliable 
for predicting Southern Water’s costs, and whether some are more reliable 
than others. A number of the key points from Oxera (2014) are also 
summarised in this section. 

• Appendix A2 provides the summary statistics from some of the alternative 
models developed in section 3. 

                                                
12

 The analysis in this report has concentrated on the models relating to water services. Nevertheless, many of 
the issues flagged relate to sewerage services as well, with the notable exceptions of discussions around the 
TOTEX and ‘full’ models, which are used for water services only. 

13
 Oxera (2014), ‘Ofwat’s Cost Assessment Framework: a review’, June. 

14
 Kumbhakar, S. (2014), ‘A Critique of Ofwat’s Cost Assessment Models’, September. 

15
 In developing the alternative models, Oxera has taken the dataset used by Ofwat and CEPA, and therefore 
the list of variables, as a starting point (where relevant, Oxera has considered additional Southern Water-
specific variables). Given the timescales available for the analysis, it has not been possible to extend the 
dataset over a longer period, or to consider additional potential operational cost drivers from June Returns or 
other data sources. As such, the preferred model(s) from a ‘broader’ starting point could be different from 
those presented in the report. 
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2 Southern Water-specific circumstances not captured 
by the models 

Southern Water’s specific circumstances result in a significantly more 
inaccurate cost prediction than that of all other companies (see below), such 
that either company-specific adjustments or alternative models are required in 
order to predict Southern Water’s costs more accurately. These factors manifest 
themselves in the following results from the current modelling. 

• Wide cost prediction range between the three modelling approaches. 
The predicted water service TOTEX for Southern Water currently differs by 
£176m, or 26%,16 between the three modelling approaches: WM3, WM5/6 
and the bottom-up approach (WM9/10, unit cost models, and unmodelled 
costs).17

Some of these estimates are incorrect by a significant amount. Uncovering 
which estimates are significantly inaccurate is crucial to better predicting 
Southern Water’s cost needs. For many companies, the disparity is much 
less, so this is a less important issue—for ten of them, the difference between 
the model results is less than 10%, so the impact of different weighting rules 
for these companies is much less than 10%. 

 This disparity is the fourth-largest of all the water companies. When 
using Southern Water’s own cost driver data, the gap between the models 
increases to £346m or 60%. 

Taking the average does not improve the accuracy—predictions become 
more imprecise when model averaging is undertaken knowing that one of the 
models is more inaccurate. Indeed, it is known that the WM3 and OLS 
estimates for Southern Water are more inaccurate than WM6 and WM10 (see 
below). Excluding WM3, WM5 and WM9 would improve the accuracy of the 
prediction for Southern Water. 

Section 3 shows how this cost prediction range can be reduced by examining 
other models that are statistically and operationally robust, and, in some 
cases, capture Southern Water-specific issues. These models provide robust 
predictions for Southern Water and can be used in their own right. As a 
minimum, they provide additional prediction points for Southern Water’s costs 
and can be used within the triangulation process.  

• Wide cost prediction range between the TOTEX modelling approach and 
the bottom-up approach. The predicted water service costs for Southern 
Water differ by £171m, or 25%,18

• Statistical inaccuracy. The modelling is more inaccurate in predicting 
Southern Water’s costs relative to most of the other companies. The 
statistical confidence widths provide a measure of the relative accuracy of the 
cost predictions from the model.

 between the TOTEX-based models (i.e. the 
average of the WM3 and WM5/6 cost predictions) and the bottom-up 
approach. This disparity is the second-largest of all the water companies. In 
contrast, for ten companies the difference is less than 10%. 

19

                                                
16

 26% is the range divided by the lower bound of the range. 

 The figure below shows the distribution of 
confidence width ratios across the water companies, whereby the higher the 

17
 WM5 and WM6 are similar because they are embedded within model WM3. 

18 
25% is the difference between the bottom-up results and the average of the WM3 and WM5/6 results divided 
by the average of the WM3 and WM5/6 results. 

19
 Figure 2.1 shows the ratio of the logarithm of the confidence width to the logarithm of the predicted costs.  
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ratio, the greater the expected variation in the predicted costs.20 As shown in 
the figure, Southern Water is an extreme outlier compared with all other 
companies in the sector. Indeed, for Southern Water, this measure of 
statistical inaccuracy is 15.24 compared with an average confidence width 
ratio of 7.22.21

Figure 2.1 Confidence width around Southern Water’s cost prediction 
based on WM3 

 

 

Source: Oxera. 

• Wide cost prediction range between the supply–demand balance (SDB) 
approaches. Enhancement expenditure is particularly important for Southern 
Water, which has significant activity in this area of expenditure. In particular, 
for SDB, it has the second-highest value on the volume driver, and, with the 
fourth-lowest unit cost, is relatively efficient in this expenditure area. Thus, the 
way in which enhancement expenditure is allowed for in the TOTEX-based 
approaches and in the bottom-up approach is important for Southern Water. 
However, within the bottom-up approach, the predicted SDB enhancement 
expenditure for Southern Water currently differs by around 85% (or £145m) 
between the four modelling approaches. (This is the third-highest in 
percentage terms and second-highest in monetary terms of all the 
companies.) As such, which SDB model provides the most robust cost 
prediction and whether the TOTEX models robustly account for Southern 
Water’s enhancement expenditure needs are critical issues for Southern 
Water. 

• Large differences in the cost driver predictions. Compounding the wide 
uncertainty around the cost predictions is the wide uncertainty around the 
cost driver predictions for Southern Water under the current framework. On 
water services, for example, this uncertainty is largely because of metering—

                                                
20

 As discussed in academic literature, there exist various methods for calculating the confidence intervals of a 
transformed logarithmic distribution. Since transforming logged cost predictions might give rise to confidence 
intervals with counterintuitive properties (e.g. asymmetric bounds), confidence widths and predictions have not 
been transformed. Southern Water remains an outlier if the transformation is applied. 

21
 As a robustness check, Oxera has looked at the distribution of the confidence width-to-predicted costs ratio 
by using Jacobs’ metering data (see footnote below). Southern Water’s estimates for WM3 exhibit the second-
highest degree of statistical inaccuracy (9.56), far above the industry average (7.22). 
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including the company’s projected meter numbers22 reduces its predicted 
TOTEX when using WM3, by more than £127m.23

In addition, Southern Water has identified a number of unique and company-
specific factors that are either unaccounted for or incorrectly accounted for in 
the modelling:

 This large predicted cost 
reduction is clearly counterintuitive in terms of orders of magnitude and it 
further increases the difference between CEPA’s highest and lowest cost 
estimates to £296m.  

24

• high metering penetration; 

 

• the largest number of non-contiguous networks of all the water companies in 
the industry; 

• SDB—as mentioned above, Southern Water has the second-highest value on 
the volume driver; 

• Woolmans Wood mains replacement scheme—this is a company-specific 
20km scheme, driven by a Drinking Water Inspectorate undertaking, rather 
than routine maintenance, and implies 30km of extra mains. 

                                                
22 

Following completion of its Universal Meter Programme, more than 90% of Southern Water’s household 
customers will be metered by the end of AMP5, rather than the 62% assumed in Jacobs’ data. 

23 
In contrast, using Southern Water’s forecasts for all the cost drivers reduces the modelled TOTEX by £120m.  

24
 Source: Southern Water. 
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3 Predicting Southern Water’s cost requirement over 
AMP6 

Ofwat’s PR14 cost assessment framework has some significant issues with 
regard to predicting Southern Water’s costs in a number of areas.25

Given the wide range of Ofwat’s results for Southern Water (a difference of 
some 26%, or £176m), it is the case that some of the results are materially 
incorrect. 

 In section 
3.1 we develop robust alternative estimates of Southern Water’s cost 
requirement over AMP6 using alternative econometric models. These estimates 
mitigate some, but not all, of these issues and result in a more robust outcome. 
In addition, in section 3.2, we revisit some of the tweaks suggested in Oxera 
(2014), which were also intended to mitigate some of these issues. These are 
brought together, in terms of the overall implications for Southern Water’s cost 
predictions, in section 3.3. 

Table 3.1 Predicted TOTEX for Southern Water across models (£m) 

 WM3 (TOTEX) WM5/6 (TOTEX) WM9/10 (BOTEX) 

CEPA’s approach 691 683 859 

Source: Oxera analysis based on replicating the CEPA models. 

When such discrepancies occur, it is helpful to examine each of the modelling 
approaches in detail, to identify their strengths and weaknesses, and, based on 
that understanding, to refine the models/develop alternative models. In doing so, 
the respective weaknesses of the models can be mitigated and the results 
brought closer together; alternatively, additional cost predictions can be provided 
such that there is more certainty surrounding Southern Water’s cost prediction. 

Given the issues/weaknesses discussed in Appendix A1 with regard to Ofwat’s 
TOTEX and BOTEX modelling and, in particular, WM3, Oxera has developed 
alternative TOTEX and BOTEX models (see Appendix A2). These are discussed 
briefly in sections 3.1.1 to 3.1.6, and Appendix A2 shows that they are more 
parsimonious and more economically and statistically robust than the current 
suite of models. The next step is to examine whether the use of these alternative 
models can provide greater consistency in the results for Southern Water across 
the models. Indeed, we demonstrate, in section 3.1.7, that, for Southern Water, 
these alternative models do give a narrower range of predicted costs. 

3.1 Alternative models  

Alternative TOTEX and BOTEX econometric models were developed using 
Ofwat’s dataset and general-to-specific modelling. Explanatory variables were 
chosen based on significance and relevance as cost drivers, taking into 
account both operational and economic insight.  

Only one TOTEX model specification was developed using this approach. 
However, two BOTEX models were developed for the analysis: 

• Oxera (2014) BOTEX—a concise (i.e. most parsimonious) model; 

• Oxera (2014) BOTEX 2 (an alternative model)—a more general model, which 
has alternative cost drivers (or explanatory factors). 

                                                
25

 See Kumbhakar (2014), Oxera (2014) and Appendix A1. 
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Both models are more robust than Ofwat’s BOTEX models, WM9 and WM10. Of 
the two Oxera models, Oxera (2014) BOTEX performs better than the alternative 
BOTEX model, Oxera (2014) BOTEX 2, and may have a better cost driver for 
maintenance activities (i.e. proportion of mains relined and renewed, rather than 
leakage). However, given that both models are more robust than Ofwat’s 
BOTEX models, the alternative BOTEX model was retained in order to provide 
an alternative competing cost prediction.  

Appendix A2 sets out the statistical diagnostics for each model, as well as the 
comparison to the relevant Ofwat models. An overview of each model is 
provided below. It is worth noting that all models are:  

• economically superior to Ofwat’s models—both the signs and magnitude of 
the coefficients for the cost drivers are aligned with economic theory and 
industry expectations (this is not always the case for Ofwat’s models); 

• statistically superior to Ofwat’s models—all models are statistically more 
robust (e.g. most cost drivers are statistically significant and the models 
generally pass more diagnostic tests than Ofwat’s models).26,27

3.1.1 Oxera (2014) TOTEX (RE and OLS) 

 

The cost drivers are length of mains, usage, regional wage, property density, 
proportion of metered properties and proportion of mains relined and renewed. 
This specification has been tested under RE. The statistical test provides 
evidence in favour of the RE approach rather than OLS.28 The model performs 
better than the comparable TOTEX models developed by CEPA (particularly, 
WM3). In the RE specification, all variables, with the exception of the proportion 
of metered properties, are significant at the 5% or lower significance level and 
consistent with economic insight.29 However, it is worth noting that the Oxera 
(2014) TOTEX model does not include explicit drivers of enhancement 
expenditure.30 As such, the model does not address one of the shortfalls 
identified with CEPA’s modelling. The TOTEX predicted from the RE 
specification of the model is £817m.31

3.1.2 Oxera (2014) BOTEX (OLS) 

 While the TOTEX predicted from the 
OLS specification is £821m. 

This model specification includes two of Ofwat’s ‘core’ variables (length of mains, 
property density) and regional wage. Proportion of mains relined and renewed 
has also been included to account for the variation in costs driven by 
maintenance activities. Despite the compact specification, unlike WM9, the 
model passes the Ramsey RESET test for omitted variables. All the coefficients 
are significant at either 1% or 0.1% significance level. Furthermore, the model 

                                                
26

 The few exceptions are the usage and proportion of metered properties cost drivers in Oxera (2014) TOTEX 
(OLS), the proportion of metered properties cost driver in Oxera (2014) TOTEX (RE), the trend cost driver in 
Oxera (2014) BOTEX 2 (OLS), and the leakage and trend cost drivers in Oxera (2014) BOTEX 2 (RE). 

27
 Within the time frame available, it was not possible to exhaust all possible alternative models. 

28
 Breusch–Pagan Lagrangian. 

29
 Usage is also not significant in the OLS specification of the model. 

30
 Some explanatory factors capture capital costs (e.g. proportion of new mains, or proportion of mains relined 
or renewed). However, it is not clear whether these capital costs relate to enhancement expenditure. CEPA 
(2014), ‘Cost assessment – advanced econometric models’, March, p. 21. 

31
 This model is the same as the TOTEX model developed in Oxera (2014), which provided predicted TOTEX of 
£790m. See Oxera (2014), ‘Ofwat’s cost assessment framework: a review’, report prepared for Southern 
Water, June, p. 59, Table 4.5. The model has been updated for the current study using the updated proportion 
of metered properties from Southern Water’s Water Resource Management Plan (WRMP). This approach is 
consistent with the updates to the modelling as set out in Ofwat’s draft determinations. See Ofwat (2014), 
‘Draft price control determination notice: technical appendix A3 – wholesale water and wastewater’, August, 
pp.103 and 107.  
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explains 98% of the variation in BOTEX. The BOTEX predicted from the model 
is £587m.32

3.1.3 Oxera (2014) BOTEX (RE) 

 

The specification described above has been tested under RE. The statistical 
test33

3.1.4 Oxera (2014) BOTEX 2 (OLS) 

 provides evidence in favour of this approach rather than OLS. Neither the 
sign of the coefficients nor their statistical significance are affected by the choice 
of the estimator (i.e. all the coefficients are statistically significant and consistent 
with economic insight). In both the OLS and RE versions of the same 
specification, the leakage variable was dropped due to observed collinearity with 
the maintenance driver (i.e. the proportion of mains relined and renewed). The 
following alternative model has been developed with a view to including this 
quality variable. The BOTEX predicted from the model is £600m. 

The selected cost drivers are length of mains, property density, regional wage, 
leakage, a time trend, and properties affected by planned interruptions. The 
leakage variable is used as the cost driver for maintenance activities (i.e. instead 
of mains relined and renewed). With the exception of the time trend, all variables 
are significant at the 5% or lower significance level and consistent with economic 
insight.34

3.1.5 Oxera (2014) BOTEX 2 (RE) 

 Despite not passing the Ramsey RESET test for omitted variables, the 
model is robust and passes all main tests. The adjusted R_squared is 98.1%, 
which is marginally higher than the R_squared for the suggested OLS model 
above. The BOTEX predicted from the alternative model is £648m. 

The statistical test35

3.1.6 SFA four component model 

 provides evidence in favour of this approach rather than 
OLS. All model coefficients are consistent with economic insight. However, 
under RE, the coefficient for leakage becomes insignificant. The BOTEX 
predicted from the alternative model is £637m over 2015–20. 

When the data is pooled and the model estimated using OLS regression, the 
entirety of the error term is treated as inefficiency. Ofwat attempted to adjust for 
noise by using an upper-quartile benchmark. However, as discussed in Oxera 
(2014) and Kumbhakar (2014), this approach ignores company-specific effects 
(these are left for companies to prove and quantify) and its treatment of noise is 
ad hoc, as it assumes that the noise is equal for each company. Given the 
inaccuracy of WM3 in predicting Southern Water’s costs, this approach is likely 
to underestimate Southern Water’s required costs.  

When data on companies over time is available, the robustness/accuracy of the 
cost prediction can be improved, as it becomes possible to control for both 
unobserved company-specific factors and noise more objectively. In fact, the 

                                                
32

 All predicted BOTEX estimates include OPEX and capital maintenance, or base expenditure. 
33

 Breusch–Pagan Lagrangian. 
34 Properties affected by planned interruptions has a low positive coefficient. This may be because it captures 

water quality improvements, which lead to higher costs. Indeed, CEPA notes that ‘This is an ambiguous driver 
as planned interruptions could also be a sign of quality improvement or scheduled maintenance.’ CEPA (2014), 
‘Cost assessment – advanced econometric models’, March, p. 20. 
35

 Breusch–Pagan Lagrangian. 
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difference between actual costs and predicted efficient costs can be broken 
down into four components: 36

• the first component captures firm effects, or external uncontrollable factors 
that might give some companies a cost advantage or disadvantage over 
others. Not all of these factors can be accounted for in the model, as they 
may be unobserved or it may not be possible to suitably quantify them; 

 

• the second component captures persistent (or time-invariant) inefficiency. 
Firm effects are company-specific and invariant over time and represent a mix 
of inefficiency and unobserved uncontrollable factors (i.e. ‘true’ firm effects). 
SFA can help to separate the inefficiency component from the ‘true’ firm 
effects; 

• the third component captures time-varying inefficiency (i.e. companies’ 
efficiency levels can change over time). This component is commonly 
referred to as transient, or time-varying, inefficiency. The SFA approach can 
once again help to capture and identify this component; 

• the last component captures noise or random shocks. 

Four variants of the SFA four-component model have been developed, based on 
CEPA’s models and the model specifications set out above: 37

• WM5 (SFA); 

 

• WM9 (SFA); 

• Oxera (2014) TOTEX (SFA); 

• Oxera (2014) BOTEX 2 (SFA). 

The results from the SFA analysis are set out in the table below. 

Table 3.2 Predicted costs for Southern Water across the SFA models 

 TOTEX BOTEX 

WM5 (SFA) 812  

WM9 (SFA)  673 

Oxera (2014) TOTEX (SFA) 812  

Oxera (2014) BOTEX 2 (SFA)  670 

Note: Numbers may not sum due to rounding.  

Source: Oxera. 

3.1.7 Implications for Southern Water’s predicted costs 

As demonstrated in Appendix A2, the above alternative models are statistically 
robust and mitigate many of the issues discussed in Appendix A1 and Oxera 
(2014).  

                                                
36

 Kumbhakar, S.C., Lien, G. and Hardaker, J.B. (2014), ‘Technical efficiency in competing panel data models: a 
study of Norwegian grain farming’, Journal of Productivity Analysis, 41 pp. 321–37; Colombi, R. Kumbhakar, 
S.C, Martini, G. and Vittadini, G. (2014), ‘Closed-skew normality in stochastic frontiers with individual effects and 
long/short-run efficiency’, Journal of Productivity Analysis, 42, pp. 123–36. 
37

 The SFA specification of the Oxera (2014) BOTEX model was examined; however, the SFA model was 
unable to distinguish between noise and inefficiency (both persistent and transient inefficiency were found to 
be insignificant). As such, Oxera was limited to using the ad hoc upper-quartile adjustment in this case for the 
RE and OLS variants. 

63



 

 

 

 
Improving the accuracy of the cost assessment for Southern Water 
Oxera 

12 

 

All models are expressed on a TOTEX basis in order to compare the predicted 
costs from all models to the CEPA weighted average (£745m). This means that 
the enhancement costs predicted by CEPA’s modelling (based on the 
weightings applied to each model) are added to all of the Oxera BOTEX models.  

The methodology for estimating the enhancement costs predicted by the TOTEX 
models follows the approach used to estimate the implicit allowances for 
enhancement expenditure. Specifically, the approach involves deducting the 
BOTEX predicted by WM9 and WM10 from the TOTEX predicted by both the full 
TOTEX model (WM3) and the refined TOTEX models (WM5 and WM6). The 
enhancement costs implicit within CEPA’s modelling are then the weighted 
average of the estimates for enhancement expenditure, as follows: 

• full TOTEX (WM3) minus BOTEX (average of WM9 and WM10) (33%); 

• refined TOTEX (average of WM5 and WM6) minus BOTEX (average of WM9 
and WM10) (33%); 

• enhancement unit costs plus unmodelled costs (33%). 

Following this approach, the enhancement expenditure implicit in CEPA’s 
modelling is presented in the table below. 

Table 3.3 Predicted costs for Southern Water across alternative models 

 Ofwat models TOTEX BOTEX 
(average of 
WM9 and 

WM10) 

Enhancement 

Full TOTEX models WM3 692 565 127 

Refined TOTEX models Average of 
WM5 and WM6 

682 565 117 

Unit cost and unmodelled 
costs 

   294 

Average, based on 
Ofwat’s weightings 

   179 

Average enhancement 
expenditure from the full 
and refined TOTEX 
models 

   122 

Note: Numbers may not sum due to rounding.  

Source: Oxera. 

As shown in the table above, the range for enhancement expenditure implicit in 
the basic cost threshold is £117m to £294m, with an average of £179m. As a 
very conservative assumption, the estimate from the lower end of the range is 
adopted as the predicted enhancement expenditure (£122m, the average of the 
enhancement expenditure predicted by the full and refined TOTEX models).  

The estimate for predicted enhancement expenditure (£122m) is added to the 
Oxera BOTEX models to derive equivalent TOTEX figures from the Oxera 
models. Table 3.4 below shows the approach used to estimate the equivalent 
TOTEX figures from the Oxera BOTEX models. 
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Table 3.4 Equivalent TOTEX predicted by the models 

 BOTEX Enhancement TOTEX 

Oxera (2014) BOTEX (RE) 600 122 722 

Oxera (2014) BOTEX 2 (RE)  637 122 759 

Oxera (2014) BOTEX (OLS) 587 122 709 

Oxera (2014) BOTEX 2 (OLS) 648 122 770 

WM9 (SFA) 673 122 795 

Oxera (2014) BOTEX 2 (SFA) 670 122 792 

Note: Numbers may not sum due to rounding.  

Source: Oxera. 

The table below summarises the predicted TOTEX for Southern Water from the 
various models, and compares these estimates with the CEPA weighted 
TOTEX. 

Table 3.5 Predicted costs for Southern Water across alternative models 

 TOTEX prediction Difference from CEPA 
weighted TOTEX 

CEPA weighted 745  

Oxera (2014) TOTEX (RE) 817 73 

Oxera (2014) BOTEX (RE) 722 -22 

Oxera (2014) BOTEX 2 (RE)  759 14 

Oxera (2014) TOTEX (OLS) 821 77 

Oxera (2014) BOTEX (OLS) 709 -35 

Oxera (2014) BOTEX 2 (OLS) 770 26 

WM5 (SFA) 812 68 

Oxera (2014) TOTEX (SFA) 812 68 

WM9 (SFA) 795 50 

Oxera (2014) BOTEX 2 (SFA) 792 48 

Average across alternative 
models 

781 37 

Note: CEPA unit costs and CEPA unmodelled costs are added to the BOTEX and alternative 
BOTEX models. Numbers may not sum due to rounding.  

Source: Oxera. 

The results from the alternative models are presented in Figure 3.1 below. 
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Figure 3.1 TOTEX range from the alternative approaches 

 

Note: Figure may not be to scale.  

Source: Oxera. 

Figure 3.1 shows the estimates from the TOTEX models (above the middle line), 
and the estimates from the BOTEX models (below the middle line).38

As shown in the figure, the SFA models for TOTEX and BOTEX (highlighted with 
light blue shading), which account for Southern Water-specific factors, produce a 
very narrow range for predicted TOTEX of £792m–£812m, with an average of 
£803m. When combined with the other alternative robust BOTEX and TOTEX 
models, using RE (which is statistically preferred to OLS), the range increases to 
£722m–£817m, with an average of about £787m. This suggests that an 
exceptional adjustment of about £43m–£58m may be appropriate as a Southern 
Water-specific adjustment to the CEPA modelling prediction of £745m.  

 

It is also worth noting that Oxera’s alternative modelling ranks Southern Water 
as the ninth most efficient company, based on the average ranking across the 
models, while Ofwat currently ranks Southern Water 14th. The former is much 
closer to Ofwat ranking Southern Water sixth at PR09.39 Indeed, the significant 
divergence in rankings estimated by Ofwat raises questions about the 
robustness of the current modelling.40

                                                

38 As shown in the figure, the predicted costs from all of the alternative TOTEX models provide a range of 

£812m–£821m, which is higher than the TOTEX predicted by the CEPA models (WM3 and WM5/6). The range 
for the BOTEX models is £709m–£795m. However, it is worth noting that: (i) the estimates from the BOTEX 
models may be lower because of the conservative assumption for predicted enhancement expenditure (£122m 
rather than £179m, as set out in 

 The next sub-section revisits the ‘tweaks’ 

Table 3.3); and (ii) the RE models are statistically preferred to the OLS models. 
39

 This ranking is based on a combined weighted infrastructure, non-infrastructure and operating expenditure 
PR09 efficiency scores 

40
 The Competition Commission (CC) has previously considered that water companies' efficiency rankings are 
relatively stable over time, stating a ‘company’s efficiency is likely to be positively correlated across years ... 
and so a water company’s position in previous years will play an important role in determining its future 
position’, Competition Commission (2012), ‘South Staffordshire Plc/Cambridge Water PLC merger inquiry: A 
report on the completed acquisition by South Staffordshire Plc of Cambridge Water PLC’, para. 5.44. From 
April 1 2014, the Competition and Markets Authority (CMA) took over the functions of the CC and the 
competition and certain consumer functions of the Office of Fair Trading, as amended by the Enterprise and 
Regulatory Reform Act 2013. 
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suggested in Oxera (2014), combined with the additional modelling discussed 
above, where relevant.  

3.2 Alternative weighting rules 

CEPA states that ‘in practice there is little difference between the results of the 
triangulation process.’41

For the reasons set out in Appendix A1 and Oxera (2014), some of Ofwat’s 
models fail to predict Southern Water’s costs accurately. 

 This is because, for ten companies, the difference 
between the models is less than 10%. For Southern Water, the predicted costs 
vary by around £176m. The 25% disparity between the TOTEX and the bottom-
up water service cost predictions is the second-largest of all the water 
companies. One or more of the results are thus materially wrong compared with 
the actual cost need. Thus, as is evident below, for Southern Water the 
weighting rule applied can make a significant difference to the predicted costs. 

As such, either: i) the approach used to combine the results is critical in the case 
of Southern Water; or ii) identifying the most accurate cost prediction or 
alternative more robust estimates is key. Having examined the second option in 
section 3.1, below we examine alternative weighting rules.  

3.2.1 50/50 alternative TOTEX/bottom-up approach (including BOTEX) 

As discussed in Oxera (2014), the results from an alternative TOTEX model 
were weighted 50/50 with the average TOTEX predicted from CEPA’s WM9 and 
WM10 (see Southern Water-specific adjustment 4). The average from the 
updated alternative TOTEX model used in Oxera (2014), £817m, and the 
bottom-up approach from WM9 and WM10, £859m, provide an alternative 
TOTEX estimate of £838m.42

This is equivalent to ‘Southern Water-specific adjustment 4’ in Oxera (2014).

  

43

3.2.2 Reduce the weight on WM3, which is uniquely inaccurate for 
Southern Water and does not account for its special factors— 
50/50 weight on WM5/6 and WM9/10 

 

With Southern Water as an extreme outlier based on the confidence width ratios, 
WM3 is particularly inaccurate when predicting Southern Water’s costs relative 
to other companies and other models.44

                                                
41

 CEPA (2014), ‘Cost assessment—advanced econometric models’, p. 39. 

 As such, WM5 and WM6, which are 
nested within WM3, could be used instead to provide a more accurate prediction 
of Southern Water’s costs, especially if the WM5/6 results are averaged with 
WM9/10. The result of this approach would be as follows. 

42 
The equivalent figure from Oxera (2014) is £825m. However, the alternative TOTEX model has since been 
updated based on the new Southern Water WRMP estimates for the proportion of metered households as 
discussed above. 

43 
Oxera (2014), ‘Ofwat’s cost assessment framework: a review’, report prepared for Southern Water, June, p. 
59. 

44 
As indicated in section 3 and Oxera (2014), WM3 fails a number of statistical tests and is not economically 
meaningful. As the model includes four variables relating to metering (two of which are of counterintuitive sign 
or magnitude), and Southern Water has a high proportion of metered properties relative to the industry 
average, WM3 is likely to significantly misrepresent the impact of metering on its costs. For example, including 
Southern Water’s projected meter numbers reduces its predicted water services TOTEX when using WM3 by 
£127m, and increases the difference between the predicted costs from the different approaches to £296m, or 
52%.  
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Table 3.6 The impact of alternative weighting: zero weight on WM3 

 Southern Water’s predicted 
costs, pre-upper-quartile 

efficiency (£m) 

Difference, £m (%) 

CEPA’s approach 745  

Alternative weighting 771 26 (3) 

Note: Numbers may not sum due to rounding.  

Source: Oxera. 

This is ‘Southern Water-specific adjustment 1’ in Oxera (2014).45

3.2.3 Give equal weighting to conceptually different approaches—
50/50 weighting on TOTEX models (WM3 and WM5/6) and then 50/50 
weighting on the result and WM9/10 

 

As noted, WM5 and WM6 are nested within WM3 and all are TOTEX models. 
Thus, they are all conceptually similar approaches and contrast with the bottom-
up approach based around WM9/10. In addition to the inaccuracy of WM3, these 
TOTEX models have related robustness issues, including some that are 
specifically related to Southern Water, such as correctly capturing SDB 
enhancement expenditure needs (see Appendix A1).  

In contrast, WM9 and WM10 have a different set of issues. As such, a 50/50 
weighting of these conceptually different approaches (TOTEX/bottom-up) would 
seem preferable, and would be equivalent to the second weighting approach that 
CEPA considered.46 This would be consistent with ‘triangulating’ between 
different approaches that provide different insights, rather than between very 
similar approaches that give similar insights. This would be consistent with 
Ofgem’s approach in RIIO-GD1 and RIIO-ED1.47

Table 3.7 The impact of alternative weighting: 50/50 TOTEX/ bottom-up 

 The result of this approach is 
provided below. 

 Southern Water’s predicted 
costs, pre-upper-quartile 

efficiency (£m) 

Difference, £m (%) 

CEPA’s approach 745  

Alternative weighting 773 28 (4) 

Note: Numbers may not sum due to rounding.  

Source: Oxera. 

This is ‘Southern Water-specific adjustment 2’ in Oxera (2014).48

                                                
45

 Oxera (2014), ‘Ofwat’s cost assessment framework: a review’, report prepared for Southern Water, June, p. 
57. 

 

46 
CEPA (2014), ‘Cost assessment—advanced econometric models’, p. 39. 

47 
Ofgem dropped its ‘middle-up’ approach because the answers were so similar to its top-down approach (in 
the same way that CEPA’s two TOTEX modelling approaches give similar results). Ofgem then averaged the 
bottom-up and top-down results. See Ofgem (2012), ‘RIIO-GD1: Final Proposals - Supporting document - Cost 
efficiency’, December, p. 6, para. 1.6. 

48 
Oxera (2014), ‘Ofwat’s cost assessment framework: a review’, report prepared for Southern Water, June, p. 
58. 
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3.2.4 Account for Southern Water’s special factors: use models that 
capture company-specific effects—i.e. use RE only 

As discussed in section 2, Southern Water has a number of company-specific 
factors that include high metering penetration, the largest number of non-
contiguous networks, and a high SDB deficit. It is therefore particularly important 
that a model (such as RE) applied to Southern Water explicitly accounts for 
such effects (covering company heterogeneity and thus mitigating the omitted 
variable bias). The table below shows the results from averaging across the RE 
models (i.e. both the CEPA and Oxera RE models). 

Table 3.8 Alternative weighting: use only WM6 and WM10, and Oxera RE 
models 

 Southern Water’s predicted 
costs, pre-upper-quartile 

efficiency (£m) 

Difference, £m (%) 

CEPA’s approach 745  

CEPA RE models (WM6 and 
WM10): alternative weighting  

792 48 (6) 

Oxera RE models 766 22 (3) 

CEPA and Oxera RE models 779 35 (5) 

Note: Oxera RE models is based on the Oxera (2014) TOTEX (RE) model, the Oxera 2014 
BOTEX model (RE) and the Oxera 2014 BOTEX model 2 (RE). Numbers may not add due to 
rounding.  

Source: Oxera. 

This is equivalent to ‘Southern Water-specific adjustment 6’ in Oxera (2014).49

3.3 Overall implications 

 

The impact of the approaches presented above provides a quantification of the 
adjustment required for Southern Water, as shown in Table 3.9 below. 

                                                
49

 Oxera (2014), ‘Ofwat’s cost assessment framework: a review’, report prepared for Southern Water, June, p. 
61. 
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Table 3.9 Adjustments for Southern Water 

Approach Predicted costs, 
pre-upper-quartile 

efficiency (£m) 

Implied 
adjustment 

(£m) 

Current TOTEX prediction 745  

Oxera (2014) TOTEX (RE) 
817 73 

Oxera (2014) BOTEX (RE) 722 -22 

Oxera (2014) BOTEX 2 (RE)  759 14 

Oxera (2014) TOTEX (OLS) 821 77 

Oxera (2014) BOTEX (OLS) 709 -35 

Oxera (2014) BOTEX 2 (OLS) 770 26 

WM5 (SFA) 812 68 

Oxera (2014) TOTEX (SFA) 812 68 

WM9 (SFA) 795 50 

Oxera (2014) BOTEX 2 (SFA) 792 48 

Southern Water-specific adjustment 4: 
50/50 alternative TOTEX model/bottom-up approach 
(including BOTEX)  

838 94 

Southern Water-specific adjustment 1: 
zero weight on WM3 

771 27 

Southern Water-specific adjustment 2: 
50/50 TOTEX/bottom-up approach  

773 29 

Southern Water-specific adjustment 6: 
use RE models, WM6 and WM10 (within the bottom-up 
approach) and Oxera RE models 

779 35 

Range 709 to 838  

Average 784 39 

Note: Numbers may not sum due to rounding.  

Source: Oxera.  

The resultant revised cost predictions of £784m are within 2% of the current 
midpoint of CEPA’s range for Southern Water, £771m. As such, to attain a more 
accurate prediction of Southern Water’s future TOTEX requirement for water 
services and better account for its specific characteristics, an exceptional 
adjustment of around £39m would be required to the CEPA modelling prediction 
(£745m).  

Moreover, as discussed above, the preferred alternative TOTEX models, based 
on an SFA approach that objectively removes both company-specific effects and 
noise,50 provide a particularly tight range for southern Water’s predicted water 
services TOTEX of around £792m–£812m, with an average of about £803m.51

Figure 3.2
 

The range is highlighted with light blue shading in  below. The SFA 
models suggest that an exceptional adjustment of about £58m would be required 
to better account for Southern Water’s specific characteristics. 

                                                
50

 Kumbhakar, S.C., Lien, G. and Hardaker, J.B. (2014), ‘Technical efficiency in competing panel data models: a 
study of Norwegian grain farming’, Journal of Productivity Analysis, 41, pp. 321–37; Colombi, R. Kumbhakar, 
S.C, Martini, G. and Vittadini, G. (2014), ‘Closed-skew normality in stochastic frontiers with individual effects and 
long/short-run efficiency’, Journal of Productivity Analysis, 42, pp. 123–36. 
51

 Both TOTEX and BOTEX models were developed using a general-to-specific modelling approach and an RE 
estimator, taking into account both operational and economic characteristics. The models have intuitive signs 
and coefficients. The enhancement expenditure predicted from CEPA’s models (from weighting the predicted 
enhancement expenditure from WM3, WM5/6 and WM9/10) was added to the BOTEX models to provide an 
estimate of TOTEX. Furthermore, it is worth noting that the models perform as well as, and in many cases 
better than, Ofwat’s models on a number of statistical tests, as demonstrated in Appendix A2. 
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This suggests that an exceptional adjustment of around £39m–£58m may be 
appropriate as a Southern Water-specific adjustment to the CEPA modelling 
prediction of £745m.  

The figure below shows the range and average TOTEX from all approaches. As 
set out in the figure, the alternative approaches provide a narrower range than 
that provided from CEPA’s modelling. 

Figure 3.2 TOTEX range from the alternative approaches 

 

Note: Figure may not be to scale.  

Source: Oxera. 
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A1 A review of Ofwat’s cost assessment framework 

The current disparity between the cost predictions for Southern Water from the 
current alternative models demonstrates that some of these model results are 
materially different from the appropriate/actual cost requirement for Southern 
Water. As such, understanding the strengths and weaknesses of each 
approach and refining them in order to bring the results closer together 
and mitigate this disparity is far more important for Southern Water than 
it is for other water companies.  

This appendix examines whether the models are reliable for predicting Southern 
Water’s costs, and whether some are more reliable than others. A number of the 
key points from Oxera (2014) are also summarised in this section. 

A critical question is whether each model is economically sound. Section 2 of 
Oxera (2014) examined whether the estimated elasticities were in line with 
expectations and whether the models were statistically valid. The analysis in 
Oxera (2014) led to the following findings. 

• The models—particularly WM3—fail operational insight and economic 
theory. More than half of the coefficients in WM3 have the wrong sign or 
magnitude.  

• Particularly important for Southern Water, given its Universal Metering 
Programme, is the coefficient on the proportion of metered properties, 
which, at -0.77, is more than seven times larger than expected.52 Southern 
Water will have more than 90% of household customers metered by the 
start of AMP6, so the model will predict a significant reduction in costs.53

• When Southern Water’s explanatory variables are used, the impact of the 
counterintuitive variables becomes very large—the TOTEX prediction from 
WM3 reduces by £120m, the gap between WM3 and WM5/6 increases 
from £9m to £135m, and the gap across the modelling approaches 
increases to £346m.

 
Dropping this variable would result in an increase in Southern Water’s 
predicted costs over PR14, from £692m to £819m.  

54

• WM5, WM6, WM9 and WM10 perform better than WM3, but still have 
issues—in particular, the coefficients swap signs between companies (which 
cannot be economically justified).

 

55

• The models—particularly WM3—fail statistical tests. Of the 26 variables 
in WM3, 19 are not statistically significant and the confidence intervals are 
very wide.

 

56 The other models perform better (WM10, in particular).57

                                                
52

 This variable is expected to capture the slightly lower costs related to metered customers (metered 
customers’ relatively lower consumption leads to slightly lower resource costs). However, as the impact is 
expected to be minimal, the coefficient should be close to zero. CEPA (2014) explains that its expectation is 
that this variable would have a negative, but small, coefficient . See the expected values of cost elasticity in 
CEPA (2014), ‘Cost assessment—advanced econometric models’, p. 20. 

 WM3 
also performs poorly on most of the statistical tests. This is consistent with 

53 
As part of its Universal Metering Programme, Southern Water was funded for installing around 486,000 
meters during AMP5. Source: Southern Water. 

54 
The decrease in the predicted value from WM3 of £120m is less than the £127m decrease when just 
Southern Water’s metering data is used. This indicates that the majority of the issues with WM3 for Southern 
Water are due to the counterintuitive estimated impact of metering. 

55 
Usage (for WM3) and property density (for the remaining models) have a positive sign for about half of the 
observations and a negative sign for the remaining observations. 

56 
See CEPA (2014), ‘Cost assessment—advanced econometric models’, March, pp. 65–66. 

57 
See CEPA (2014), ‘Cost assessment—advanced econometric models’, March, pp. 70–80. 
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CEPA’s view that this model performs worse than the other models, having 
been given only two ‘amber’ flags for statistical diagnostics and robustness 
(the other models have either two greens or one green and one amber). 

• WM3 is particularly inaccurate for Southern Water. Over-specified 
models (such as WM3) produce less accurate coefficient estimates and 
less accurate cost predictions.58 The statistical confidence widths provide a 
measure of the relative accuracy of the cost predictions from WM3.59

Figure A1.1 Confidence width around Southern Water’s cost prediction 
based on WM3 

 The 
figure below shows the distribution of a confidence width ratio across the 
water companies, whereby the higher the ratio, the greater the expected 
variation in the predicted costs. As shown in the figure, Southern Water is an 
extreme outlier compared with all other companies in the sector. Indeed, for 
Southern Water, this measure of statistical inaccuracy is 15.24 compared with 
an industry average confidence width of 7.22.  

 

Source: Oxera. 

Oxera (2014) also shows that the over-specification of WM3 is not justified.  

• Statistical tests show that the OLS models, WM5 and WM6, are 
inappropriate, while the RE models, WM9 and WM10, are appropriate.60 
OLS estimates are inefficient, and predictions from OLS are inappropriate 
when compared with those from RE. If RE is found to be superior to the OLS 
model then RE should be used.61

                                                
58

 Wooldridge, J. (2008), Introductory Econometrics: A Modern Approach, South Western College, Fourth 
Edition. 

 Unlike RE, the pooled OLS models (WM3, 
WM5 and WM9) cannot control for company-specific factors (or noise) and 
thus fail to account for Southern Water’s specific issues that are either not 
incorporated at all or only incorrectly in the models at present. (In section 3, 
alternative TOTEX models are developed to better account for these issues).  

59
 Figure A1.1 shows the ratio of the logarithm of the confidence width to the logarithm of the predicted costs.  

60 
This appears to be consistent with CEPA’s own findings. See CEPA (2014), ‘Cost assessment—advanced 
econometric models’, pp. 33 and 73–81. 

61 
Baltagi, B.H. (2013), Econometric Analysis of Panel Data, John Wiley & Sons, 5th Edition. 
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• In general, there is little consistency with past modelling by Ofwat at 
PR09. Indeed, Ofwat's modelling currently places Southern Water 14th, 
while at PR09, Ofwat placed Southern Water 6th. (In contrast, Oxera's 
alternative modelling, as discussed above, ranks Southern Water 9th, based 
on the average ranking across the models).62

• Further estimation approaches can more accurately predict Southern 
Water’s cost needs. Alternative (SFA) models account for modelling 
inaccuracies (i.e. noise) and company-specific factors (both of which were 
identified above as key issues). These models provide an alternative 
framework that more robustly predicts Southern Water’s costs, and are 
examined in section 3 above. 

 

• The upper-quartile challenge is too onerous for Southern Water with 
respect to WM3. The use of an upper-quartile benchmark assumes that the 
same level of uncertainty is present in the data across all of the companies. If 
the model is mis-specified (as is the case for WM3), an upper-quartile 
benchmark will be more inappropriate than for a correctly specified model (it 
is likely that the companies in the upper quartile are incorrectly identified). A 
less challenging efficiency overlay is appropriate for Southern Water for WM3; 
alternatively, SFA could be used.  

                                                
62

 This ranking is based on a combined weighted infra, non-infra and operating expenditure PR09 efficiency 
scores. 
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A2 Alternative cost models  

As indicated in Appendix A1 and Oxera (2014), there are many reservations 
about WM3—e.g. it fails a number of statistical tests and some of the coefficients 
are not economically meaningful with regard to the estimated elasticities (being 
counterintuitive and with signs that change across water companies). 
Furthermore, this model has a number of issues specific to Southern Water.  

Consequently, as argued in section 3 above, it may be appropriate to repeat the 
development of the model specifications in order to arrive at models that better 
predict Southern Water’s costs, avoid using counterintuitive variables and 
perform better on the relevant diagnostic tests. 

As such, Oxera has developed some models that are more appropriate for 
predicting Southern Water’s TOTEX and BOTEX. 

The models were developed using the CEPA dataset, and the approach used to 
develop the models involved general-to-specific modelling. Explanatory 
variables were chosen based on significance and relevance as cost drivers, 
taking into account both operational and economic characteristics. 

A2.1 Alternative TOTEX model 

As discussed above, the RE estimator is preferred to OLS, based on the 
relevant diagnostic tests (the Breusch–Pagan Lagrangian test). From the 
general-to-specific modelling approach, the following explanatory variables were 
adopted: 

• length of mains; 

• usage; 

• regional wage; 

• property density; 

• proportion of metered properties; 

• proportion of mains relined and renewed. 

The coefficients from the OLS specification are set out in the table below. 

Table A2.1 Oxera (2014) model (OLS) 

Log variables Coefficient Confidence interval (95%) 

Length of mains 1.118*** 1.080, 1.156 

Usage 0.304 -0.0825, 0.691 

Wage 1.286*** 0.674, 1.897 

Property density 0.408** 0.159, 0.657 

Proportion of metered properties 0.119 -0.0357, 0.273 

Proportion of mains relined and renewed 0.113*** 0.0623, 0.164 

Constant -7.296*** -9.460, -5.13 

Note: *** significant at 0.1%; ** significant at 1%; * significant at 5%. 

Source: Oxera. 

The coefficients from the RE specification are set out in the table below. 
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Table A2.2 Oxera (2014) model (RE) 

Log variables Coefficient Confidence interval (95%) 

Length of mains 1.119*** 1.030, 1.208 

Usage 0.555* 0.112, 0.998 

Wage 1.005*** 0.477, 1.532 

Property density 0.436* 0.051, 0.822 

Proportion of metered properties 0.122 -0.055, 0.299 

Proportion of mains relined and renewed 0.057*** 0.038, 0.075 

Constant -6.572*** -8.573, -4.572 

Note: *** significant at 0.1%; ** significant at 1%; * significant at 5%. 

Source: Oxera. 

As shown above, the coefficients all have the expected sign and magnitude. 
Furthermore, with the exception of the proportion of metered properties, all cost 
drivers are at least significant at the 5% significance level.  

The proportion of mains relined and renewed captures maintenance activities, 
and again has the expected sign and magnitude. Furthermore, it is significant at 
the 0.1% significance level. However, it is worth noting that the model does not 
include explicit drivers for enhancement expenditure, and therefore does not 
address the one of the reservations about Ofwat’s modelling.  

A comparison with the equivalent CEPA model (WM3) is provided in the table 
below. 

Table A2.3 Diagnostic tests: WM3 versus Oxera TOTEX models 

Test Null hypothesis  TOTEX  

WM3 

OXERA TOTEX 
model 

Intuition 
(sign/magnitude) 

Are the estimated coefficients intuitive (at 
Southern Water’s position)

63 × (50%) 
? (% intuitive) 

 (100%) 

Skewness-kurtosis test Residual comes from normally distributed 
population  

× × 

Shapiro–Wilk test  
for normality 

Residual comes from normally distributed 
population 

× × 

Ramsey RESET test There is no omitted variable bias  × × 

Cook–Weisberg 
test for 
heteroscedasticity 

Residuals have a constant variance 
× 

 

Collinearity (VIF) test Are the explanatory variables suitably 
independent such that estimates for the model 
can be uniquely estimated?  

× 
 

Link test Functional specification of the model is correct   

Note: All statistical tests were undertaken at 5% significance. Failure of normality, 
skewness/kurtosis and heteroscedasticity tests is not a major issue, as hypothesis testing can be 
undertaken using robust standard errors. In addition, with the existence of inefficiency, residuals 
should be skewed (indeed, positive skewness is required to run a stochastic frontier cost model). A 
variable is considered to suffer from multicollinearity if the Variance Inflation Factor (VIF) is above 
10. 

Source: Oxera. 

                                                
63

 Ofwat’s WM3 is in translog form. Oxera has estimated the elasticities for Southern Water in order to assess 
whether the coefficients for length of mains, property density and usage are intuitive. 
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As shown in Table A2.3, the Oxera TOTEX model performs at least as well as 
WM3 in many respects. Moreover, it outperforms WM3 with respect to three 
tests. First, the sign and magnitude of the Oxera coefficients are always intuitive 
from an economic and operational standpoint. On the contrary, WM3 coefficients 
are line with expectations only 50% of the time. Second, the presence of a large 
number of covariates makes WM3 more prone to collinearity problems. For this 
reason, WM3 does not pass the VIF test (i.e. average VIF is higher than 10), 
unlike the Oxera model. Lastly, WM3 presents issues with some of the 
properties of residuals in that it does not pass the Cook–Weisberg test for 
heteroscedasticity.  

The table below provides a more detailed overview of the outcome of statistical 
tests for the Oxera TOTEX model, with the addition of a number of additional 
tests and their associated p-values. 

Table A2.4 Statistical diagnostic tests for the Oxera (2014) model 

Tested hypothesis p-value Test passed () / not passed (×) 

Tests for functional form   means functional form is correct 

Ramsey RESET test for omitted 
variables 

0.00 x 

Link test for model specification 1.64  

Tests for heteroscedasticity   means residuals are homoscedastic (have a 
constant variance) 

Breusch–Pagan/Cook–Weisberg  0.24  

Information matrix test and white test 0.00 x 

Tests for normality of residuals   means residuals come from normally distributed 
population 

Skewness-kurtosis test 0.02 x 

Shapiro–Wilk test  0.02 x 

Test for panel structure  RE more appropriate than pooled OLS? 

Breusch–Pagan Lagrangian multiplier 
test  

0.00 RE preferred 

Measure of goodness-of-fit of the 
model  

   

Adjusted R_squared  97.7% 

Source: Oxera. 

A2.2 Alternative BOTEX models 

Alternative BOTEX models were developed through general-to-specific 
modelling. Two BOTEX models were developed for the analysis: 

• Oxera (2014) BOTEX—a concise model; 

• Oxera (2014) BOTEX 2 (i.e. the alternative model)—a more general model, 
which has alternative cost drivers (or explanatory factors). 

Oxera (2014) BOTEX appears to capture the key operational drivers for base 
OPEX and maintenance expenditure, with a specific variable included for capital 
maintenance. Oxera (2014) BOTEX 2 controls for the quality of service delivered 
through both the leakage and properties affected by interruptions variables. Both 
models are therefore regarded as potential candidates for predicting costs for 
the industry as a whole and are therefore retained in this analysis. The models 
are discussed below. 
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A2.2.1  Oxera (2014) BOTEX 

From the general-to-specific modelling, the following explanatory variables were 
adopted: 

• length of mains; 

• property density; 

• regional wage; 

• proportion of mains relined and renewed. 

The model represents a concise model, given that it adopts fewer coefficients 
than the comparable CEPA models (WM9 and WM10). In both the OLS and RE 
versions of the same specification, the leakage variable has been dropped due 
to observed collinearity with the maintenance driver (proportion of mains relined 
and renewed). The table below shows the results from the OLS specification of 
the model. 

Table A2.5 Oxera (2014) BOTEX model (OLS) 

Log variables Coefficient CI (95%) 

Length of mains 1.029*** 0.997, 1.060 

Property density 0.504*** 0.321, 0.687 

Regional wage  0.741** 0.248, 1.234 

Proportion of mains relined or renewed 0.0856*** 0.0416, 0.130 

Constant  -5.391*** -7.104, -3.677 

Note: *** significant at 0.1%; ** significant at 1%; * significant at 5%. 

Source: Oxera. 

Table A2.5 shows that the cost drivers have both the expected sign and 
magnitude. Similarly, all cost drivers are significant at either the 0.1% or 1% 
significance level. The capital maintenance activities are captured by proportion 
of mains relined or renewed, which is significant at the 0.1% significance level.  

The table below shows the equivalent RE specification of the model. 

Table A2.6 Oxera (2014) BOTEX model (RE) 

Log variables Coefficient CI (95%) 

Length of mains 1.023*** 0.954, 1.092 

Property density 0.625*** 0.317, 0.934 

Regional wage  0.470** 0.125, 0.814 

Proportion of mains relined or renewed 0.0310*** 0.0134, 0.048 

Constant  -4.554*** -6.043, -3.06 

Note: *** significant at 0.1%; ** significant at 1%; * significant at 5%. 

Source: Oxera. 

As shown in Table A2.6, neither the sign of the coefficients nor their statistical 
significance are affected when the RE estimator is used. However, most notably, 
the wage coefficient decreases from 0.74 to 0.47. 

Table A2.7 provides a comparison of the CEPA BOTEX models (WM9 and 
WM10), and the OLS and RE variants of the Oxera (2014) BOTEX model. 
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Table A2.7 Diagnostic tests: WM9/10 versus Oxera BOTEX model 

Test Null hypothesis  BOTEX model 
WM9/10 

OXERA BOTEX 

Intuition (sign/magnitude) Are the estimated coefficients intuitive 
(at Southern Water’s position)?

64
× (9: 75%) 
(10: 100)  

(% intuitive) 

(OLS: 100%) 

 (RE: 100%) 

Skewness-kurtosis test Residual comes from normally distributed 
population  

 × 

Shapiro–Wilk test  
for normality 

Residual comes from normally distributed 
population 

 × 

Ramsey RESET test There is no omitted variable bias  ×  

Breusch–Pagan/ 
Cook–Weisberg 
test for heteroscedasticity 

Residuals have a constant variance  × 

Collinearity (VIF) test Are the explanatory variables suitably 
independent such that estimates for the 
model can be uniquely estimated?  

×  

Link test Functional specification of the model is 
correct 

  

Note: All statistical tests were undertaken at 5% significance. Failure of normality, 

skewness/kurtosis and heteroscedasticity tests is not a major issue as hypothesis testing can be 
undertaken using robust standard errors. In addition, with the existence of inefficiency, residuals 
should be skewed (indeed, positive skewness is required to run a stochastic frontier cost model). A 
variable is considered to suffer from multicollinearity if the Variance Inflation Factor (VIF) is above 
10. 

Source: Oxera. 

Table A2.7 shows that the Oxera models are generally more robust compared 
with the equivalent CEPA models. Although the sign and magnitude of Southern 
Water’s WM10 coefficients are optimal, 25% of the coefficients in the OLS 
version (WM9) are not intuitive. For both the OLS and RE versions of the Oxera 
BOTEX model, 100% of the coefficients can be justified on economic and 
operational grounds. Given the more compact specification, the Oxera BOTEX 
model passes the collinearity tests. However, it is worth noting that the Oxera 
BOTEX model does not present normally distributed residuals.  

A more in-depth statistical analysis of both the RE and OLS variants of this 
model are shown in the table below. 

                                                
64

 The same approach used for WM3 has been adopted to assess the coefficients for length of mains and 
property density in WM9 and WM10.  
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Table A2.8 Statistical diagnostic tests for Oxera (2014) BOTEX model 

Tested hypothesis p-value Test passed () / not passed (×) 

Tests for functional form   means functional form is correct 

Ramsey RESET test for omitted variables 0.06  

Link test for model specification 1.64  

Tests for heteroscedasticity   means residuals are homoscedastic (have a 
constant variance) 

Breusch–Pagan/Cook–Weisberg  0.01 x 

Information matrix test and white test 0.00 x 

Tests for normality of residuals   means residuals come from normally 
distributed population 

Skewness-kurtosis test 0.03 x 

Shapiro–Wilk test  0.01 x 

Test for panel structure  RE more appropriate than pooled OLS? 

Breusch–Pagan Lagrangian multiplier test  0.00 RE preferred 

Measure of goodness-of-fit of the model    
Adjusted R_squared  98.0% 

Source: Oxera. 

As shown in Table A2.8, the Breusch–Pagan Lagrangian test demonstrates that 
the RE specification is more robust.  

A2.2.2 Oxera (2014) BOTEX 2 (alternative model)  

The alternative BOTEX model developed—Oxera (2014) BOTEX 2—differs from 
Oxera (2014) BOTEX in that it includes more explanatory variables (i.e. it is less 
concise) and an alternative cost driver (e.g. a leakage variable). 

It is important to note that the quality of service variables would inevitably 
capture the need for maintenance expenditure—i.e. a lower quality is likely to be 
linked to lower spend. In the case of leakage, a higher level of leakage (lower 
quality of service) may result in a lower level of expenditure (this could explain 
the negative sign of the variable). In the event that an explicit variable on 
maintenance workload is not included in the model, it is likely that the quality 
variable could help control for some of the maintenance workload requirements. 
Oxera (2014) BOTEX 2 includes the following cost drivers: 

• length of mains; 

• property density; 

• regional wage; 

• leakage; 

• a time trend; 

• properties affected by planned interruptions greater than three hours. 

The table below shows the results from the OLS specification of the model. 
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Table A2.9 Oxera (2014) BOTEX 2 (OLS)  

Log variables Coefficient CI (95%) 

Length of mains 1.056*** 1.011, 1.102 

Property density 0.796*** 0.596, 0.997 

Regional wage  0.516* 0.00147, 1.030 

Leakage -0.269* -0.524, -0.0129 

Trend 0.0110 -0.0114, 0.0335 

Properties affected by planned interruptions > three hours 0.0778*** 0.0477, 0.108 

Constant  -5.005*** -6.840, -3.170 

Note: *** significant at 0.1%; ** significant at 1%; * significant at 5%. 

Source: Oxera. 

As shown in Table A2.9, apart from the trend variable, all coefficients are at least 
significant at the 5% significance level. The coefficients also appear to have the 
expected sign and magnitude. In relation to the leakage cost driver, for example, 
the model predicts an inverse relationship between leakage and TOTEX—i.e. a 
company with lower leakage is expected to have higher TOTEX. This may be 
reasonable assuming that more maintenance activity is required to maintain a 
lower level of leakage. However, caution may be required, as other factors may 
affect the level of leakage, including the economic level of leakage.  

Table A2.10 shows the coefficients and confidence intervals for Oxera (2014) 
BOTEX 2 using the RE estimator. 

Table A2.10 Oxera (2014) BOTEX 2 (RE) 

Log variables Coefficient CI (95%) 

Length of mains 1.029*** 0.957, 1.101 

Property density 0.642*** 0.326, 0.958 

Regional wage  0.606* 0.0670, 1.144 

Leakage -0.0665 -0.296, 0.163 

Trend 0.00682 -0.00496, 0.018 

Properties affected by planned interruptions > three hours 0.0215** 0.00562, 0.037 

Constant  -5.238*** -7.482, -2.99 

Note: *** significant at 0.1%; ** significant at 1%; * significant at 5%. 

Source: Oxera. 

As demonstrated in Table A2.10, all model coefficients are stable, since their 
magnitude and direction are not affected by the use of the RE estimator. 
However, under the RE specification, the leakage variable becomes 
insignificant, which is one reason why Oxera (2014) BOTEX is generally 
preferred.  

Compared with WM9/10, this alternative model specification represents an 
improvement due to the intuitive sign and magnitude of its coefficients under 
both OLS and RE. Moreover, it passes the collinearity test, as set out in Table 
A2.11 below.  
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Table A2.11 Diagnostic tests: WM9/10 versus Oxera BOTEX models 

Test Null hypothesis  BOTEX 
model 

WM9/10 

OXERA 
BOTEX 

OXERA BOTEX 
2 

Intuition 
(sign/magnitude) 

Are the estimated coefficients 
intuitive (at Southern Water’s 

position)?
65

× (9: 75%) 
(10: 100) 

 (% intuitive) 

(OLS: 100%) 

 (RE: 100%) 

 (OLS: 100%) 

 (RE: 100%) 

Skewness-kurtosis test Residual comes from normally 
distributed population  

 ×  

Shapiro–Wilk test  
for normality 

Residual comes from normally 
distributed population 

 ×  

Ramsey RESET test There is no omitted variable bias  ×  × 

Breusch–Pagan/ 
Cook–Weisberg 
test for 
heteroscedasticity 

Residuals have a constant 
variance 

 ×  

Collinearity (VIF) test Are the explanatory variables 
suitably independent such that 
estimates for the model can be 
uniquely estimated?  

×   

Link test Functional specification of the 
model is correct 

   

Note: All statistical tests were undertaken at 5% significance. Failure of normality, 
skewness/kurtosis and heteroscedasticity tests is not a major issue as hypothesis testing can be 
undertaken using robust standard errors. In addition, with the existence of inefficiency, residuals 
should be skewed (indeed, positive skewness is required to run a stochastic frontier cost model). A 
variable is considered to suffer from multicollinearity if the Variance Inflation Factor (VIF) is above 
10. 

Source: Oxera. 

The full set of statistical diagnostics for the RE and OLS specifications of the 
model are shown in the table below. 

Table A2.12 Statistical diagnostic tests for Oxera (2014) BOTEX 2 model 

Tested hypothesis p-value Test passed () / not passed (×) 

Tests for functional form    means functional form is correct 

Ramsey RESET test for omitted variables 0.02 x 

Link test for model specification 1.34  
Tests for heteroscedasticity 

   means residuals are homoscedastic 
(have a constant variance) 

Breusch–Pagan/Cook–Weisberg 0.20  
Information matrix test and white test 0.00 x 

Tests for normality of residuals 
   means residuals come from normally 

distributed population 

Skewness-kurtosis test 0.63  
Shapiro–Wilk test  0.11  
Test for panel structure   RE more appropriate than pooled OLS? 

Breusch–Pagan Lagrangian multiplier test 0.00 RE preferred 

Measure of goodness-of-fit of the model      
Adjusted R_squared 

 
98.1% 

Source: Oxera. 

Consistent with the other models, the Breusch–Pagan Lagrangian test provides 
evidence in favour of this approach rather than OLS. Despite not passing the 

                                                
65

 The same approach used for WM3 has been adopted to assess the coefficients for length of mains and 
property density in WM9 and WM10.  
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Ramsey RESET test for omitted variables, the model is robust and passes all 
main tests for the constant variance and normality of residuals. 

A2.3 SFA models 

SFA models were developed based on the RE version of the following models: 

• WM5; 

• WM9; 

• Oxera (2014) TOTEX; 

• Oxera (2014) BOTEX; 

• Oxera (2014) BOTEX 2. 

The SFA models use the same specifications as the OLS/RE models discussed 
above. In the SFA four-component model, we have used an RE model as the 
starting point. As such, the statistical significance of the variables and their 
consistency with economic insight are the same as discussed for the equivalent 
RE models. That is, the Oxera-developed models are generally superior with 
respect to the statistical significance of the variables and their consistency with 
economic insight. In addition, for the SFA models, the likelihood ratio (LR) tests 
for the absence of technical inefficiency in the model. The tests indicate that, in 
all cases, with the exception of Oxera (2014) BOTEX, SFA is statistically 
preferred to pooled OLS. Furthermore, with regard to Oxera (2014) BOTEX, SFA 
fails to separate noise from inefficiency and the ad hoc approach of using an 
upper-quartile adjustment has to be relied on. 
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A Critique of Ofwat’s Cost Assessment Models 
By Professor Subal Kumbhakar 
 
Executive Summary 
 
Efficiency measurement in Ofwat’s econometric models is based on either the residuals or the 
estimated values of the cost frontier function. Since the residuals are based on the fitted values of 
the frontier, which in turn depends on the model one uses, the focus should be placed on 
selecting the ‘best’ model and estimating the frontier which takes noise/production uncertainty 
into account. If the model is misspecified, the fitted frontier values (and therefore the residuals) 
will be incorrect, which in turn gives incorrect estimates of efficiency, no matter how the fitted 
values are adjusted to accommodate uncertainty. If an incorrect model is used, it might identify 
‘good performing’ companies as ‘bad’ and vice versa. Because of this my focus will be on 
(i) whether the selected models are sound both economically and econometrically, and 
(ii) whether upper-quartile (UQ) adjustment (used by Ofwat) to the fitted cost function can 
estimate the frontier cost function correctly.  
 
The first point was discussed extensively in the Oxera (2014) report,1

 

 the results of which are not 
repeated here. On the second point I argue that it is not possible to amend the OLS estimates 
objectively in order to derive the ‘true’ efficiency gap. The UQ correction is ad hoc as it assumes 
that the same level of noise is present in the data across all the companies, thereby potentially 
under- or over-correcting inefficiency for some companies. That is, the inefficiency of some 
companies will be overestimated, while that of others will be underestimated no matter how the 
adjustment factor is defined. This is demonstrated algebraically (and can be shown empirically as 
well).  

In my judgement many of the models used by Ofwat are poor on both economic and 
econometric grounds, and the UQ adjustment to the fitted values of the cost function is 
unable to untangle efficiency from noise. Some companies will be overcompensated while 
others will be undercompensated using Ofwat’s models and the UQ correction. 
 
 
Why Ofwat/CEPA’s TOTEX predictions for Southern Water are not reliable 
My view is that Southern Water’s cost prediction by Ofwat is most likely to be incorrect and not 
fit for benchmarking and determining its efficiency challenge, for the following reasons: 
 

                                                 
1 Oxera (2014), ‘Ofwat’s Cost Assessment Framework: a review’, June. 
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I. The models are not consistent with economic theory and are not statistically robust  
1. A robust model should provide economically meaningful parameter/elasticity estimates. The 

parameter/elasticities are expected to be statistically significant and the 90% or 95% 
confidence intervals should be of the right sign. Statistical significance is often relaxed if the 
economic predictions are meaningful. However, this is not the case with WM3, one of the 
main models advocated by Ofwat. In fact, WM3 is the weakest model on economic grounds, 
with more than half of the coefficients having the wrong sign or magnitude. So, although it 
is the most flexible among the models considered by CEPA/Ofwat, there is no theoretical or 
empirical reason to support its use in efficiency analysis. Thus, WM3 should not be used. 

2. The other ‘refined’ models (WM5/6 and WM9/10) have the same model specification 
dropping some insignificant drivers from WM3, but still use many that are either 
insignificant and/or have the wrong sign. There are other simpler models that are sensible 
from both an economic and a statistical point of view and are equally flexible (defined in 
terms of goodness of fit). See, for example, Oxera (2014). These models should be used 
instead or, at the very least, used as an additional cost prediction point(s). 

II. The predicted efficient costs are likely to be wrong  
3. When a suite of models are used, the chances of using some misspecified/incorrect models 

are quite high. If one or more incorrect/misspecified models are used, the final result based 
on model averaging (triangulation) will also be incorrect. Consequently the predicted costs 
and estimated efficiencies are likely to be incorrect. If every model is wrong, triangulation 
does not help to get to the true model result. On the other hand, if one model is true (or close 
to true), triangulation will take the result further from the truth. Since WM3 is nowhere close 
to the true model (on either economic or statistical grounds), by using WM3 in its suite of 
final models, the predicted costs and estimated efficiencies are incorrect. It would be far 
better if Ofwat were to attempt to identify, or develop, more robust models, and to drop the 
poor models. 

4. Although the main focus is estimating cost efficiency (predicting efficient cost), efficiency is 
not formally introduced in any model (the way stochastic frontier models do). The implicit 
assumption is that the error term captures inefficiency along with noise, and that the 
(observation-specific) noise can somehow be filtered out using the UQ adjustment, thereby 
giving an estimate of the cost frontier. However, this is not the case as the UQ adjustment is 
a constant adjustment, i.e. the same for all observations/companies, which, as explained 
below, is incorrect. Perhaps this is the reason why the UQ adjustment is not used in any of 
the academic papers (to the best of my knowledge). 

III. The UQ is likely to be too challenging for Southern Water 
5. Ofwat’s UQ adjustment cannot correct for company-specific uncertainties: because the UQ 

adjustment factor is a constant it assumes that all companies’ cost predictions are equally 
inaccurate, while noise/uncertainty is model- and company-specific. Thus, the UQ 
adjustment cannot predict the true stochastic cost frontier. Companies with large (positive) 
noise/uncertainties are likely to be set against an efficiency frontier that is below their true 
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efficient cost level. For example, for WM3, it is clear that Southern Water’s cost predictions 
are significantly more inaccurate than they are for any other company (as demonstrated in 
Oxera (2014), section 2). Thus, Southern Water’s predicted costs adjusted for the UQ are 
likely to underestimate its ‘required’ cost level.  

IV. The benchmark (UQ) companies are unreliable benchmarks as their efficient position 
is based on cost predictions using incorrect models and ad hoc UQ adjustment 
6. A company predicted as efficient based on a model with incorrect coefficient (and incorrect 

elasticity) estimates should not be chosen as a benchmark. An incorrect model gives 
incorrect predictions about a company’s performance. Thus, the UQ companies are likely to 
be incorrectly identified as UQ and their efficiency position is likely to be incorrect. As 
such, the UQ challenge is equally likely to be incorrect.  

V. Averaging reduces the accuracy of the results 
7. The pooled OLS models WM5 and WM9 are rejected in favour of the RE models WM6 and 

WM10. Thus, there is no reason (economic or statistical) to average the results from the RE 
models with the results from the pooled OLS models. Estimates become imprecise when 
model averaging is undertaken where it is known that one of the models (RE) is more 
efficient. In such a case, triangulation should not be undertaken using the statistically 
rejected models. Instead, only the statistically preferred (more efficient) model(s) should be 
used. 

8. Noise/error in any econometric model, by definition, takes both positive and negative 
values. Thus, positive residuals (i.e. actual costs are greater than predicted costs), which are 
both model- and company-specific, do not necessarily reflect higher inefficiency. The 
noise/error for Southern Water’s cost prediction is far greater than for any other company 
with respect to WM3 (see figure below, replicated from Oxera (2014)2

 

), and the UQ 
adjustment cannot correct the noise/error because it is not company-specific. Thus, the cost 
predictions become more imprecise for Southern Water when WM3 is used as part of the 
averaging process.  

 

                                                 
2 Oxera (2014), ‘Improving the accuracy of the cost assessment for Southern Water’, September. 
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9. Indeed, many water companies, in their responses to Ofwat’s modelling, raised issues with 
the triangulation procedure, including the point that averaging does not improve model 
accuracy. Ofwat’s response was that it mitigates the risk associated in choosing one model, 
but this misses a key point. The problem is that if one knows that a model is not good in 
relation to another model (in either economic or statistical terms), there is no point in taking 
a straight average of the two. Currently, it is a pure mechanical exercise with either no 
confidence in any of the models or no desire to discriminate the good models from the bad 
ones. 

VI. The cost predictions ignore company-specific effects and noise 
10. The difference between actual costs and predicted efficient costs can be broken down into 

four components.3

11. In responding to objections raised by many companies on issues such as service quality, 
treatment of raw water, real price effects, etc., Ofwat’s view was that special factor 
adjustments take care of these issues. Since the objective of modelling is to minimize the 
role of these special factor allowances which are applied ex post, it seems that adjustments 
for special factors are being used rather than robust models being developed in the first 
place. Such adjustments undermine the importance of the models, if used too much and for 

 The first component captures firm effects or external uncontrollable 
factors that might give some companies a cost advantage over others or put them at a 
disadvantage. The second component captures persistent (or time-invariant) inefficiency. 
The third component captures transient or time-varying inefficiency. The last component 
captures noise or random shocks. Stochastic frontier analysis (SFA) can be used to estimate 
these components. Oxera (2014) has examined this model. 

                                                 
3 Kumbhakar, S. C., G. Lien, and J. B. Hardaker, (2014), ‘Technical efficiency in competing panel data models: a study of Norwegian grain 

farming’, Journal of Productivity Analysis (2014) 41:321–337; Colombi, R., S. C. Kumbhakar, G. Martini, G. Vittadini, (2014), ‘Closed-skew 

normality in stochastic frontiers with individual effects and long/short-run efficiency’, Journal of Productivity Analysis (2014) 42:123–136 
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too many companies. In fact, if these company-specific special factors are time-invariant 
(which many, but not all, are), they can be easily incorporated in the models through 
random-company effects. Other special factors, such as one-off future enhancement 
schemes, would still need to be examined on a case-by-case basis.  

VII. The predicted costs and estimated inefficiencies are likely to be wrong  
12. Realistically speaking, inefficiency is not entirely random, but driven by some exogenous 

variables. This is ignored in Ofwat’s approach. That is, Ofwat’s OLS models suffer from 
omitted variable bias if inefficiency is driven by exogenous variables. In such cases, the 
OLS estimates and the estimated standard errors are likely to be inconsistent, and thus the 
predicted costs and estimated efficiencies are likely to be wrong. 

VIII. Enhancement expenditure is currently not modelled appropriately in the TOTEX 
models 
13. Various companies have argued that enhancement expenditure is inappropriately accounted 

for when modelling TOTEX. Bristol Water, for example, suggested that a separate 
modelling approach should be considered. One argument that Ofwat provided in response 
was that enhancement expenditure is ‘smoothed’. However, a simple time plot of 
smoothed/unsmoothed enhancement expenditure shows that different companies have 
substantially different patterns, which cannot be captured by any model with constant 
coefficients, whether enhancement expenditures are smoothed or not.  

IX. Consistency with past modelling  
14. Oxera (2014) undertook some robustness checks and found a radical change in estimated 

efficiency compared to PR09. Efficiency results from WM3 and those from PR09 show very 
little to almost no relationship at all. This is true for WM3, WM5/6, as well as WM9/10. 
This casts doubt on the results of Ofwat’s current models. 

 
There are other issues with the modelling, but the above are probably the most significant, 
so I have focused on those.  

 
Given the above issues, I set out some potential solutions below. 

 
I. The models are not consistent with economic theory and are not statistically robust 
II. The predicted efficient costs are likely to be wrong  
1. Either no weight should be given to the results from WM3, or WM3 should be replaced with 

an alternative model that is sensible from both economic and statistical points of view.  
2. Alternative models that are consistent with economic theory and statistically robust should 

be used. It is much better to use a set of core cost drivers and leave out those that are time-
invariant, which can be captured by the random/fixed components in RE/FE specifications. 
Note that many of the cost drivers currently used are almost invariant over time, so one can 
drop them with the expectation that the RE will pick them up. See, for example, the models 
developed in Oxera (2014). These alternative models are more parsimonious than WM3, 
which, as argued elsewhere, is a very poor model because of its nonsensical coefficients. 
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Also, if prediction performance is the key criteria (as argued by CEPA to fend off the 
multicollinearity problem), these alternative models should be given a fair trial vis-à-vis 
WM3. That is, to judge the predictive performance of WM3 for Southern Water, 
CEPA/Ofwat should have compared its out-of-sample performance for Southern Water with 
some alternative models (e.g. the Oxera (2014) models). Put differently, if the choice of a 
model is guided by its predictive performance, the criteria for model selection will be 
different. Indeed, the Oxera (2014) models perform better when predicting Southern Water’s 
costs out-of-sample. Nevertheless, one cannot be blind to the economic content of a model 
and focus entirely on its predictability.  

3. Some of the objections/criticisms raised by the companies can be accommodated and tested 
for by allowing either company- or time-specific factors, or both. This is especially the case 
when the variables vary across companies (over time) but not over time (across companies). 
One can use this as a justification for using RE models in each category of expenditure and 
among models within a category. 

III. The upper quartile is likely to be too challenging for Southern Water  
IV. The benchmark (UQ) companies are unreliable benchmarks as their efficient position 
is based on cost predictions using incorrect models 
4. Company- and model-specific uncertainty need to be accounted for. That is, the efficiency 

challenge should accommodate company-specific uncertainty. Clearly this cannot be done 
with the UQ adjustment, which is not company-specific, but could be achieved using SFA. 
Alternatively, the efficiency challenge could be related to the company-specific uncertainty 
in each model. 

V. Averaging reduces the accuracy of the results 
5. Even if the poor models are to be retained, one should at least put more weight on the 

models that are better than others.  
6. Only RE models (i.e. WM6 and WM10) should be used when the pooled OLS models are 

rejected. 
VI. The cost predictions ignore company-specific effects and noise 
7. SFA can be used to more robustly predict efficient cost levels, by objectively removing both 

company-specific effects and noise.4

VII. The predicted costs and estimated inefficiencies are likely to be wrong  
 Oxera (2014) has examined this model. 

8. SFA with explanatory factors for efficiency should be examined. 
VIII. Enhancement expenditure, as modelled in TOTEX, is inappropriate  
9. A separate enhancement model with its own triangulation weight is perhaps the best strategy 

in the current framework. Triangulating a poor model with equal weight makes things 
worse. If it is considered that the differences can be taken care of by special factor 

                                                 
4 Kumbhakar, S. C., G. Lien, and J. B. Hardaker, (2014), ‘Technical efficiency in competing panel data models: a study of Norwegian grain 

farming’, Journal of Productivity Analysis (2014) 41:321–337; Colombi, R., S. C. Kumbhakar, G. Martini, G. Vittadini, (2014), ‘Closed-skew 

normality in stochastic frontiers with individual effects and long/short-run efficiency’, Journal of Productivity Analysis (2014) 42:123–136 
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allowances then such allowances should be taken care of first before modelling. This is 
because the model results depend on what goes in. 

10. Use separate models for enhancement cost that are more robust. Both smoothed and 
unsmoothed enhancement costs show patterns that are unique to each company. So, a model 
with constant coefficients (for all companies) will not work. One approach is to use a model 
that allows coefficients to vary across company and over time (i.e. a varying coefficient 
model). Another approach would be to use a more bottom-up approach or case-by-case 
analysis. 
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Appendix: Proof 
 
I. The models are not consistent with economic theory and are not statistically robust  
The standard econometric practice after estimating a model is to check both the economic 
meaning of the estimated coefficients (elasticities) and the statistical significance of various 
parameters (i.e. the elasticities that are functions of the parameters and data). 

Oxera (2014) examined WM3 in detail and found that it performs particularly poorly on the 
statistical diagnostic tests and is not economically meaningful. This is consistent with CEPA’s 
view that this model performs worse than the other models. It is surprising that, in spite of this, 
WM3 was given equal weight to the other models. 

Ofwat states that CEPA explained that conventional statistical tests are only one of the criteria to 
take into account. I examine this in more detail. CEPA’s five criteria for model selection were: 

1. Theoretical correctness—as discussed below, CEPA’s models are not theoretically correct. 

2. Statistical performance—as evident in Oxera (2014), CEPA’s models are not statistically 
robust. 

3. Practical implementation issues (transparent, replicable and stable)—all the solutions to the 
problems I set out in this paper are transparent, replicable and stable (and can be implemented 
using standard econometric methods and software) and are far superior with respect to all the 
other criteria. Moreover, CEPA’s translog model and particularly WM3, with 26 cost drivers, 
is less transparent to the industry. Indeed, it does not make economic or operational sense to 
many companies. That is, the model makes some counter-intuitive predictions and thus cannot 
be said to be transparent. 

4. Robustness testing—removing variables (Oxera’s alternative models, which are more 
parsimonious than CEPA’s model, with fewer variables but a number of similar core 
variables, make a significant difference to Southern Water’s predicted costs); statistical 
testing demonstrates that the models are not robust (see 2 above); changes in prediction and 
rank correlation with other models (CEPA’s models bear no relationship to past Ofwat 
modelling (see Oxera (2014), section 2.14)). 

5. Regulatory best practice—while, at a very high level, CEPA may have followed some of the 
methodologies adopted by regulators elsewhere and used in the literature in the past, I am 
unaware of any regulators using models that fail economic and statistical tests to such an extent. 
It is surprising that CEPA ignored the academic literature of the past 30 years and that Ofwat 
accepted CEPA’s recommendation in spite of objections from the companies, many of which 
disagree with the appropriateness of some of the models. In addition, it is not surprising that 
some companies support Ofwat’s modelling. Since companies are the stakeholders and some 
companies will be identified as efficient no matter what model is used, there will always be 
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support from these companies. This does not mean that the model is good. The question is 
whether the benchmark companies are indeed the most efficient ones.  

II. The predicted efficient costs are likely to be wrong  
Oxera (2014) examined WM3 and found that it performs particularly poorly on the statistical 
diagnostic tests and is not economically meaningful. By using WM3 in its suite of final models, 
the predicted costs and estimated efficiencies are incorrect. If one or more incorrect/misspecified 
models are used, the final result based on model averaging will also be incorrect. Consequently 
the predicted costs and estimated efficiencies are likely to be incorrect.  
 
Ofwat’s/CEPA’s efficiency formulation is also problematic. None of the models used by 
CEPA/Ofwat includes inefficiency formally. Thus, one cannot expect to estimate (in)efficiency 
from the residuals and claim that the fitted value of the cost function (with a fixed adjustment 
factor) is the cost frontier. While there are two widely used academic modelling approaches 
(viz., DEA and SFA), neither of these is used, although the CEPA report does discuss some of 
the stochastic frontier models. Either COLS or an UQ approach is used by Ofwat to gauge 
inefficiency. I show next that the UQ approach recently used by Ofwat does not capture 
(in)efficiency in the way that it is modelled in academic papers.  
 
III. The upper quartile is likely to be too challenging for Southern Water 
IV. The benchmark (UQ) companies are unreliable benchmarks as their efficient position 
is based on cost predictions using incorrect models 
Can a company estimated to be ‘efficient’ based on a model with wrong coefficients (and wrong 
elasticity) be chosen as a benchmark? In other words, does an incorrect model not give incorrect 
predictions about the performance of companies? Similarly, can the predicted values of a pooled 
OLS model with UQ adjustment give estimates of the frontier costs for each company? That is, 
can a constant UQ adjustment take care of noise that is observation-specific? 
 
One good feature of using the econometric models to measure efficiency is that these models 
define the ‘frontier’ as stochastic and estimate (in)efficiency relative to the stochastic frontier, 
thereby separating inefficiency from noise (uncertainties associated with production). This is 
necessary because the production process is inherently uncertain and these uncertainties need to 
be filtered out in defining/estimating inefficiency. To discuss the problems referred to here, I use 
a Cobb-Douglas (log-linear) cost function (with one cost driver and cross-sectional data) and 
write it as: 

         (1) 

where  is noise and  is inefficiency associated with company . The stochastic cost 

frontier is , which can be greater (lower) than the deterministic frontier 

ln lni i i iC a b X v u= + + +

iv 0iu ≥ i

ln lns
i i iC a b X v= + +
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 depending on whether . If production uncertainties are not filtered 

out, by looking at the composite error term , one might mistakenly label a company to 

be more efficient than its true efficiency when the noise term . Similarly, if  a 
company may be labelled less efficient than its true efficiency level (looking at the composite 
error term ). Indeed, the confidence width around Southern Water’s prediction for WM3 
is extreme compared with the other companies examined. The problem in using OLS in a cross-
section or pooled OLS in a panel is that the fitted value does not give an estimate of the 
stochastic frontier. Therefore its use in setting an efficiency challenge is problematic because the 
results will be favourable to some companies (with ) and unfavourable to others 
(with ). 
 
Now I show that CEPA/Ofwat’s ad hoc procedure to estimate the cost frontier does not work 
even if the firms are assumed to be fully efficient. For this, I write the cost relationship as 

, where  is noise and  is inefficiency associated with company . 

(I use a cross-sectional formulation for illustration.) The deterministic cost frontier is and the 

stochastic cost frontier is . Rewrite the cost relationship as  

where   and , which is the fitted value of the 

logarithmic model. Thus  has a zero mean by construction. The fitted value moves up the (log) 
deterministic cost frontier by the unknown constant c. 
 
Following Ofwat, we estimate the deterministic cost frontier (say, ) from 

, where  is the 25th percentile of . Thus, 

 when , ignoring the adjustment 
factor associated with transforming the (log) fitted values to the fitted value in level (the  
factor). Consequently, =TDF (the true 

deterministic frontier). Since  has a zero mean, the 25th percentile of  is likely to be negative 

and therefore  is likely to be less than unity. Finally,  but the product of 

 and exp(c) is not necessarily unity. That is, Ofwat’s cost frontier is not equal to the 
true deterministic frontier. If  is set too low (high), the targeted cost frontier will be 
below (above) the true cost frontier. In any case the deterministic frontier should not be the target 
because it assumes that noise is zero which is never the case in reality. 
 
Since the objective is to measure efficiency in such a way that the noise term is eliminated, the 
frontier should be stochastic. If the true frontier is defined as stochastic, i.e., 

ln lnf
i iC a b X= + ( ) 0iv > <

( )i iv u+

0iv < 0iv >

( )i iv u+

0iv <

0iv >

 ln ln f
i i i iC C v u= + + iv 0iu ≥ i

f
iC

ln lns f
i i iC C v= + ˆln lni i iC C= + ò

,i i i cv u= + −ò ( )ic E u= ˆln ln f
i iC C c= +

iò

OiDF

/ ˆ ˆ( ).Oi i i iDF Q C C C= / ˆ( )i iQ C C ˆ/i iC C
ˆ ˆ ˆ( ). ( ( ./ ))Oi i i i iDF Q C C C Q exp C= = ò ˆ exp(lnC ).exp( )f

i iC c=

α
(exp( )) .exp( ) .exp(lnC ) exp(lnC ) C

i

f f f
O i i i iDF Q cε= ≠ =

iò iò

( ( ))iQ exp ò ( ) 1exp c >

( ( ))iQ exp ò

( ( ))iQ exp ò
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, and Ofwat estimates , it will not give an estimate 
of the stochastic frontier. This is because (as shown above) 

 =  

because ( ( )). ( ). ( ) 1i iQ exp exp c exp v− ≠ò . Thus  cannot estimate the true deterministic 

frontier  ‘satisfactorily’. In fact it will not be able to capture company-specific uncertainty  

and therefore cannot estimate the stochastic frontier, . 
 
Can Ofwat select some other adjustment factor that will correct this? No, this is not possible 

unless an estimate of the noise term is available. Note that  only if the discrepancy 

factor . This is not possible because the UQ factor  

and exp(c) are constants but  is observation-specific. 

 
Now I show that the UQ adjustment does not work even if the firms are fully efficient ( ). 

In such a case, true efficiency is 1 for all observations, but cannot 

be unity for all observations. This is because exp( )iv−  is observation-specific but ( ( ))iQ exp v  is 

a constant. Given that  has a zero mean,  is likely to be less than unity but a 

constant. Thus, if  is a large positive number,  will be less than the true efficiency. Note 
that the adjustment factor (the ratio of estimated to true efficiency) will vary across observations 
(companies). For some, it will also be less than unity, meaning that the efficiency target will be 
below the true efficiency level (which cannot be achieved). That is, the UQ adjustment gives a 
wrong estimate of efficiency and it should not be used to set the efficiency cost frontier target. 
How wrong are the estimates? It depends on the magnitude of noise; cost frontiers for 
companies with large positive noise will be biased downwards (viewed as less efficient). 
 
V. Averaging reduces the accuracy of the results 
The ‘triangulation’ approach is used out of context. First, it is nothing but model averaging, 
which is used in many other cases. However, it is used in other cases (forecasting, for example) 
when either the models are not directly testable or economic theory does not help in the model 
specification one way or another (selection of regressors, for example). This is clearly not the 
case here. The companies (which are directly involved in the process) have a very good idea 
about the cost drivers. What is perhaps debatable is whether a cost driver appears to be linear or 
not. This can be easily tested econometrically. When specifying and testing a model, one should 
examine not just the statistical significance but also the economic meaning of the coefficients 
and/or the elasticities. An economically meaningless model (in terms of the wrong sign on the 
estimated coefficients and/or elasticities) should not be used in the name of flexibility. 

exp(lnC ). ( ) C . ( )f f
i i i i iTSF exp v exp v= = OiDF

(exp( )).exp( ) .exp(lnC v ) .exp( v )
i

f
O i i i iDF Q cε= + − exp(lnC v ) C .exp(v )f f

i i i i≠ =+ iTSF

OiDF
f

iC iv

ln lns f
i i iC C v= +

Oi iDF TSF=

(exp( )).exp( ) exp( ) 1.i iQ c vε − = ( ( ))iQ exp ò

exp( )iv−

0iu =

(exp( )) .exp( )Oi i iEF Q v v= −

iv (exp( ))iQ v

iv OiEF
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Since efficiency is the main focus of the study and triangulation is advocated by CEPA/Ofwat, 
why not triangulate efficiency scores from OLS/RE and stochastic frontier models (one can also 
include DEA efficiency scores)? (This is examined in Oxera (2014)). The stochastic frontier 
models recognise inefficiency explicitly in the model specification. One might argue that the 
distributional assumptions used in SFA are ad hoc. The UQ approach advocated by CEPA/Ofwat 
is equally (if not more) ad hoc. One cannot claim that SFA is worse than COLS/UQ. The 
stochastic frontier models can, at least, choose among a variety of distributional assumptions, 
some of which can be statistically tested. No such testing is possible in the COLS/UQ approach. 
 
Here, I provide an example within the current approach where triangulation does not help; in 
fact, it makes matters worse. For WM5/6 and WM9/10, the OLS model is rejected in favour of 
the RE model. Both OLS and RE estimates ( ) are consistent, but the RE model is more 

efficient if the OLS model is rejected. If one takes an average of  and , it is easy to 

show that . Thus, one loses precision by model averaging. It is 
not clear what happens to the residuals of the averaged model and therefore the estimated 
efficiency (this needs to be examined empirically). So, when we know that the RE model is 
appropriate, there is no point in model averaging. Not only does this reduce precision, but 
it also contaminates the residuals and therefore the estimated efficiency. 
 
VI. The cost predictions ignore company-specific effects and noise 
This is certainly true for the OLS models by definition, as OLS does not include company-
specific effects. While the RE models are an improvement over OLS, RE is unable to 
differentiate between uncontrollable company-specific effects and persistent inefficiency. SFA 
can be used to more robustly predict efficient cost levels, by objectively removing both 
company-specific firm effects and noise. 5

 
  

VII. The predicted costs and estimated inefficiencies are likely to be wrong  
The OLS estimates, the estimated standard errors, the predicted costs and estimated 
inefficiencies are likely to be wrong 

In all the models used by CEPA/Ofwat, the mean of inefficiency is assumed to be constant. This 
means that the efficiency differential across companies is purely random and it cannot be 
explained by any variable(s). This is in contrast with the models that have recently been used in 
the literature, which attempt to explain inefficiency in terms of some exogenous variables 
(determinants of inefficiency), say z. In such a case  will be a function of , say . 
This means (2) becomes: 
                                                 
5 Kumbhakar, S. C., G. Lien, and J. B. Hardaker, (2014), ‘Technical efficiency in competing panel data models: a study of Norwegian grain 

farming’, Journal of Productivity Analysis (2014) 41:321–337; Colombi, R., S. C. Kumbhakar, G. Martini, G. Vittadini, (2014), ‘Closed-skew 

normality in stochastic frontiers with individual effects and long/short-run efficiency’, Journal of Productivity Analysis (2014) 42:123–136 

β̂
ˆ

OLSβ ˆ
REβ

ˆ ˆ ˆ[.5( ( ))]OLS RE REvar varβ β β+ >

( )iE u iz ( )im z

96



13 
 

          (3) 

where , which is still a zero-mean random variable. However, 

since  is not a constant, it cannot be absorbed by the intercept. So if one runs the OLS 
regression y on x, it will suffer from omitted variable bias. If z is correlated with x (most likely 
the case in any economic problem), the OLS estimates will be inconsistent. So, if part of 
inefficiency is associated with, for example, location, leakage, water source, density, etc., 
although these variables are included as cost drivers, the predicted costs and estimated 
inefficiency are likely to be wrong. If the frontier is defined without the z variables, it may not 
be attainable by any company and the relative measure of efficiency might be meaningless. 
For example, if efficiency is related to the location of a company and the frontier ignores it, a 
company located in a disadvantaged area will never be able to attain the frontier. 
 
The problem does not end here. When one estimates inefficiency using the OLS residuals or the 
fitted value, the Ofwat formula for cost frontier and cost efficiency will not be the same as 
the true cost frontier and true cost efficiency. So we have two major problems.  

• First, the OLS estimates (parameters) and thus cost predictions are inconsistent, and the 
Ofwat formula does not give a measure of cost efficiency.  

• Furthermore, the estimated standard errors will be inconsistent if the variance of  is not 
constant (which will affect statistical testing).  

Thus, there is no basis for using the Ofwat formula. 

VIII. Enhancement expenditure is currently not modelled appropriately in the TOTEX 
models 
It was noted earlier (see also the Oxera report (2014)) that enhancement expenditure is quite 
complex to model and not possible in the relatively simple industry-wide TOTEX framework 
currently being used. Several companies argued that there should be a separate model for 
enhancement expenditure. Enhancement expenditure is primarily driven by a set of unique 
factors and these differ according to each company’s specific regional and network requirements. 
These cost drivers can be easily accommodated if separate modelling is used for enhancement 
cost (EC). Further, to capture company-specific effects on the cost drivers  
( ), one can use a varying coefficient (VC) model, i.e. 

, where the  coefficients are company-specific. These 
 parameters can be functions of some variables or purely random. In the latter case, the  

parameters are specified as , where  are fixed parameters and  are 

zero-mean random variables. This makes the model heteroscedastic. Ignoring heterscedasticity 
will result in incorrect estimates of standard errors which invalidate hypothesis testing.  
 

( )i i i iy a m z bx= + + + ò

( ) ( )i i i ii i iv u u zvE mu− ≡ −= + +ò

( )im z

iò

, 1,  ...,jX j J=

0 1 1  ...it i i it J Jit it itEC X X u vδ δ δ= + + + + + δ
δ δ

 .., ,.0,jit j jitv j Jδ γ= + = jγ jitv
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