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Summary 

This report was commissioned by Ofwat from Europe Economics. It was conducted over the period January 

2017 to June 2017. 

The primary goal of the project was to review the way Ofwat uses its benchmarking models in the assessment 

of mergers. Specifically we have considered the models Ofwat uses in benchmarking wholesale water charges. 

(Thus we have not considered either models of sewerage water or of retail water charges.) 

How Ofwat’s benchmarking models work 

In determining the prices regulated water companies can charge, Ofwat uses models to determine what costs 

are expected of an efficient firm. The models tells us that if firm X has characteristics A, B and C its efficient 

costs will be £Q, whilst if it has different characteristics D, E and F its efficient costs will be £R. Ofwat’s 

benchmarking models thus map characteristics onto costs. 

By characteristics we mean attributes that vary between water companies such as the population served, 

length of mains, mains density, the proportions of water drawn from reservoirs or river abstraction.  

The models are created by considering the costs and characteristics of all the water only and water and 

sewerage companies operating in England and Wales. Costs and characteristics vary across companies and 

over time. A statistical model is used to develop a relationship describing how costs change as characteristics 

vary. 

These models are used to determine how close to “efficient” each firm is. There are different ways “efficient” 

could be defined. For example, a firm could be “efficient” if it proposes costs at least as low as those the 

models of an average firm with its characteristics. However, the industry as a whole might not be as efficient 

as it could reasonably be expected to be. To address this a more stringent efficiency measure could be used. 

One alternative is to estimate what costs the most efficient of the benchmarked firms would have if its 

characteristics were the same as those of the firm whose price we are setting. This anchors the relationship 

between characteristics and costs to the most efficient firm. This is depicted in Figure 1 below: the red (solid) 

line represents the relationship between costs and characteristics for average efficiency, and the green 

(dashed) line represents the costs relationship we would expect if all firms were as efficient as the most 

efficient firm labelled m.  

Defining efficiency on the basis of the company with the lowest costs may overstate what is required in order 

to be efficient. One reason why is that costs and characteristics are measured imprecisely. A second reason 

is that models may imperfectly map the relationship between costs and characteristics. The firm that the 

model suggests is the most efficient may only appear to be in that position for one or a combination of these 

reasons. Moreover, even absent measurement or modelling imprecision, it might be unreasonable to expect 

all companies to be as efficient as the most efficient company because this does not typically happen in other 

industries. 

Accordingly, Ofwat does not use the most efficient company to define efficiency, but, instead, a modified 

version using the costs at the upper quartile of the benchmark set (e.g. if there were 16 firms, the upper 

quartile would be the costs of the fourth most efficient firm). This is represented by the yellow (thick) line 

on the chart.  
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Figure 1: Efficient frontiers and efficiency estimates 

 

Are more observations always better? 
Other economic regulators are able to fulfil their duties despite having fewer comparators than Ofwat has in 

the water sector. In energy, there are only six large energy companies. This raises the question of whether 

Ofwat requires so many comparators to serve as observations in its models. 

In regulatory benchmarking, there is a general principle that there should be a statistical preference for having 

(up to some computing costs limits) as many relevantly similar comparators as are available. Additional 

relevantly similar comparators should increase the statistical accuracy of models, increase the statistical 

confidence in results, and allow more scope for capturing any non-linerarities in relationships. 

On the other hand, there is no assumption that simply adding additional observations will improve models 

where such additional observations are not relevantly similar, or that adding several non-relevantly-similar 

observations will improve a model by more than adding fewer but more relevantly similar observations. That 

is why care is taken when selecting regulatory benchmarks, to attempt to find companies operating in similar 

sectors, facing reasonably similar constraints, risks, technological challenges, available technologies, and so 

on. 

If two firms merge, we do not simply reduce the number of observations by one. Rather, what we do is to 

remove two observations and add one. If the one added observation is a sufficiently superior comparator, 

for other firms, to the two deleted observations, our models can get better. Conversely if the newly created 

company is dissimilar to the other water companies then its information will be of less use in modelling their 

costs, and, crucially, the other companies may not be appropriate for modelling the merged company’s costs. 

That means there is no unambiguous answer to the question of whether a merger will tend to undermine or 

improve models. 

How Ofwat’s benchmarking models are used to assess mergers 
The Water Act 2014 allows the CMA to clear a water industry merger in phase 1 of its investigation where 

it satisfies three Tests: 

1. the merger is not likely to prejudice Ofwat’s ability to make comparisons between water enterprises; or 

2. the merger is likely to prejudice that ability, but the prejudice in question is outweighed by relevant 

customer benefits relating to the merger; or 
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3. there are appropriate ‘undertakings in lieu’ from the merger parties which remedy, mitigate or prevent 

the prejudicial effect on our ability to make comparisons between water enterprises resulting from the 

merger. 

Much of the analysis in this project concerns the first of these. The issue is thus whether a merger might 

prejudice Ofwat’s ability to make comparisons between water enterprises through its benchmarking models. 

Some of our analysis concerns the second: how Ofwat decides whether there are customer benefits from 

the merger that might outweigh any prejudice to Ofwat’s ability to make comparisons. 

When a merger is considered, Ofwat assesses whether such prejudice arises using principles set out in its 

Statement of Method. There are seven key “criteria” that are applied in deciding whether there is prejudice 

to Ofwat’s ability to make comparisons (these are unpacked and explained in the main report): 

1. The extent to which the merger involves overlaps 

2. Whether the merger involves the loss of an independent comparator 

3. The extent to which the merger will change benchmarks 

4. The number and quality of independence observations that remain 

5. A loss of a comparator with important similarities for comparisons 

6. A loss of a comparator with important differences for comparisons 

7. Whether there are viable alternative approaches available to offset the loss of this comparator 

At an intuitive level, one way to think about the thought experiment involved in Ofwat’s assessment of 

prejudice is as follows: Suppose that the merger had already occurred before the previous price review was 

conducted — would the result have been materially different? 

The mergers so far considered under this framework have not been found to prejudice Ofwat’s ability to 

make comparisons under these criteria (and thus tests 2 and 3 above have not so far been required). In 

particular: 

 there was no big change to the efficient cost-characteristics frontier (i.e. the efficiency challenges set to 

firms became neither more nor less demanding); 

 there was no big change in the precision by which the cost-characteristics frontier was defined (i.e. the 

statistical confidence in the frontier was unchanged); 

 the merging companies did not have either important similarities to or differences from other companies 

that were crucial for defining efficiency challenges. 

The technical assessment of prejudice follows the analytical framework set out by the CMA in its investigation 

of the Pennon / Bournemouth merger. As applied, the test is rather mechanistic and focuses on quantitative 

analysis. This quantitative analysis involves a number of key methodological choices which we shall now 

explore. 

The most important methodological choices made 

The current approach implies that a number of choices have been made in relation to: assessment of the 

merger and assessment of the benchmark modelling. In the main report below we highlight and explain a 

number of the methodological choices made. Here, let us focus on two of the most important. 

The first key choice is that, when considering how the cost-characteristics frontier might have been different 

had the merger already taken place before the previous price review, Ofwat and the CMA do not re-estimate 

the model to see what frontier would have been estimated with fewer companies. Instead, the only question 

is whether the merger would change the definition of the upper quartile used. With an unchanged model, 

the upper quartile definition might change because the number of firms changed or because the merger might 

cause firms less efficient than the upper quartile to move into it or firms within the upper quartile to move 
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out of it. So the merger could shift the upper quartile frontier even without re-estimating the model. But it 

is a restrictive approach not to re-estimate the underlying model. 

The second key choice is that in considering the situation that would be expected to pertain had the merger 

proceeded before the previous price control, the two previous firms are replaced by a notional firm that is 

the additive combination of the other two firms. That is to say, it has the sum of their costs, the sum of their 

network length, and so on for other characteristics. Ofwat claims its intention in using this assumption is to 

abstract from any consideration of efficiency gains from the merger. As we shall demonstrate below, this is 

not in fact what is delivered by this assumption. 

Our recommended alternatives 

We argue in the main body of this report that the right way to understand what is being done when Ofwat 

assesses the impact of a merger on its benchmarking models is to ask how the results of the models would 

have been different had the merger already taken place before the previous price review. That does not mean 

that the exercise is not forward-looking — the ultimate purpose remains to consider the impacts on Ofwat’s 

future price reviews. But the model of what that future impact would be is based on what a past impact 

would have been. 

Understanding the thought experiment in this way has a number of important methodological implications. 

In this Summary we shall explore two. 

The first is that if the merger had already been in place before the previous price review, the data used to 

construct Ofwat’s models would have been different (it would have included data from the merged entity 

not the two merging entities). So the models would have been estimated differently. That means that the 

approach of not re-estimating the models before assessing the impacts of the merger is a methodological 

error. The current approach assumes that the ability to build benchmarks and thus develop a measure of 

efficiency is unaffected, and that the only impact is on how stringent the efficiency target is. That seems 

incorrect. We recommend re-estimation. 

The second concerns what costs one should assume the merged entity would have. The prevailing approach 

to merger assessment assumes that the costs would be the sum of the costs of the two merging entities. But 

that means there is an implicit assumption that the efficiency of the merged entity would be different from 

that of the merged entities (or the average thereof). Why? Well, in Ofwat’s models it is assumed that an 

efficient entity has unit costs that vary with scale and other characteristics. So if for example, a firm twice as 

large has twice the costs of another firm, it would be more inefficient than either firm individually as it would 

be failing to achieve these economies of scale.  

We can think about this point in the context of the thought experiment. If the merger had already proceeded 

for some time before the previous price review, economies of scale and other variations in unit cost with 

characteristics should already have been in place. So when Ofwat estimated its models, the merged entity 

would be very unlikely to have simply the sum of the costs of the merging entities. 

Instead, we suggest that the correct methodology would be to apply Ofwat’s existing cost-characteristics 

function to impute costs to the merged entity that would leave its total inefficiency (i.e. its total deviation 

from the efficient frontier) equal to the total (summed) inefficiency of the two merging entities. So if firms A 

and B were merging into firm AB, and A had been deemed under Ofwat’s models to be inefficient to the tune 

of £1m per year and B had been deemed under Ofwat’s models to be inefficient to the tune of £2m per year, 

firm AB would be inefficient to the tune of £3m. 

If our recommendation that all models should be re-estimated were accepted, the model would then be re-

estimated with the newly imputed costs and characteristics for the merged firm. 
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1 Introduction 

The Ofwat price control review process uses a methodology for cost benchmarking that relies on 

econometric modelling. This has implications for the mergers allowed in the water and wastewater sector 

because these can have an effect on Ofwat’s ability to carry out high quality benchmarking. Because of this, 

Ofwat has historically held the view that a significant number of comparators is needed to be able to estimate 

the econometric models in a way that gives enough confidence on the fit of the model (sources of variations 

included) and tests to be subsequently performed. 

Since the last price control, PR14, there have been two mergers: Pennon/ Bournemouth (in 2015) and Severn 

Trent/ Dee Valley Water (2016)1. As a result, Ofwat would like to study what would be the likely 

consequences of losing additional comparators for its benchmarking analysis. 

The need for this study comes at a time where other concerns have been raised:  

 Some water companies have challenged Ofwat to revise its approach using fewer independent 

comparators.  

 Ofwat’s benchmarking models were subject revision from the CMA following the Bristol Water appeal 

with the CMA suggesting that Ofwat should consider additional stress-testing of its models. 

 Ofwat is also in the process of considering its methodology for the next price review, PR19.  

1.1 Aims of the study 

The overarching aim of this study are to investigate whether the models can withstand the pressure from 

further mergers and, if so, under what conditions. 

The Terms of Reference to this study were accompanied by a set of questions. These are provided in the 

Annex and have guided our research. We provide responses to those questions indirectly throughout the 

report and directly in Section 7. 

1.2 Issues excluded from this report  

To determine the appropriate revenues that companies need to collect through their wholesale water and 

wastewater charges, Ofwat uses estimates of each company’s expenditure requirements. Such requirements 

are calculated using a range of regression and unit-cost models which compare each companies’ expenditure 

to the industry’s efficiency benchmark (estimated using data from the different companies). 

At PR14, different additional outcome delivery incentives (ODIs) were agreed for each water company, 

drawing on the customer engagement that each company had carried out with its customers. Ofwat consulted 

on the outcomes framework for PR19 in November 2016.2  

In this project, we have not considered the following issues: 

 The potential role of comparators in helping to set more stretching performance commitments for those 

outcomes which are common across companies;  

 The potential increase in the complexity and difficulty of carrying out econometric cost benchmarking 

across water companies given that they are seeking to achieve different sets of outcomes; 

                                                
1  The CMA cleared the acquisition by Severn Trent Plc of Dee Valley Group plc. on 16 December 2016. 
2  http://www.ofwat.gov.uk/wp-content/uploads/2016/11/Consultation-on-the-outcomes-framework-for-PR19.pdf.  

http://www.ofwat.gov.uk/wp-content/uploads/2016/11/Consultation-on-the-outcomes-framework-for-PR19.pdf
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 Alternative measures for measurement of totex cost. 

1.3 Structure of the report 

The structure of the report is the following: 

 In Section 2 we outline the benchmarking models that are currently used for cost assessments; 

 In Section 3 we describe prevailing approach and criteria for assessment of prejudice in case of mergers; 

 In Section 4 we present various features for consideration that we identified during the study; 

 In Section 5 we present our proposed solutions to the issues identified in Section 4 while we outline the 

main novelties of our new approach in Section 6; 

 Section 7 concludes and includes direct responses to the questions from the Terms of Reference. 

The Annex contains additional analysis and material. 
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2 Benchmarking Models 

In setting wholesale price controls, Ofwat has to determine the appropriate revenues that companies need 

to collect through their wholesale water and wastewater charges. The high-level approach to set the allowed 

wholesale revenues is based on estimates of each company’s expenditure requirements over the five-year 

control period. In order to estimate such expenditure requirements, Ofwat relies on a range of regression 

and unit cost models to benchmark costs of companies against each other and, specifically, to estimate 

companies’ expenditure requirements in relation to the expenditure of an “industry efficient” firm.  

At PR14, Ofwat changed its wholesale cost assessment by implementing a totex-based approach to assessing 

efficient expenditure, rather than separating opex and capex as in previous price controls. The totex approach 

aimed at incentivising efficiency through achieving an optimal balance between opex and capex (while 

encouraging companies to develop innovative and low-cost solutions). Such totex-based benchmarking 

approach is mainly based on a range of econometric models whose estimates are adjusted in order to identify 

the target efficiency level.     

In this Section, we provide: 

 A short background to econometric benchmarking where we describe the Corrected Ordinary Least 

Squares (COLS) and Modified Ordinary Least Squares (MOLS) approaches to benchmarking and how 

these are used to calculate efficiency estimates. These different approaches are also illustrated with a 

graphical example. 

 A short description of Ofwat’s approach used in PR14 describing the different model specifications and 

variables used, and how the results of the different models have been combined to ultimately provide an 

efficiency baseline (the “triangulation” approach). 

 A description of alternative benchmarking models used by regulators, especially Stochastic Frontier 

Analysis (SFA) and Data Envelopment Analysis (DEA). They are described in detail along with their main 

strengths and limitations. 

2.1 Econometric benchmarking 

Ofwat makes use of a number of benchmarking econometric models for its wholesale cost assessment. They 

all aim to identify an efficiency frontier representing best practice, against which all firms must be compared. 

Inefficiency and efficiency scores of water and wastewater companies are in turn computed relative to this 

frontier.  

The number of regression models that can be used for benchmarking is very broad and the literature 

describing them is quite extensive. In this sub-section, we focus on the most common methods, which include 

the following:  

 Ordinary Least Squares (OLS),  

 Corrected OLS model (COLS) and  

 Modified OLS model (MOLS).  

Differences in the resulting efficiency estimates are a consequence of the different assumptions on the error 

term of these models. These assumptions and the corresponding models are described in detail below.  

Ordinary Least Squares (OLS) 
OLS is a classical technique of estimating efficiency frontiers: it is an estimate of an average cost function of 

a sample of firms based on the relationship between total costs and other variables. As a basic technique for 
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computing efficiency, OLS fits a line of “best fit” to the observed data points such that it minimises the sum 

of the squared deviations of the data points to the fitted line. Under OLS, the difference between the 

observed costs and the estimated industry’s average efficiency (i.e. the residuals) are entirely attributed to 

each firm’s efficiency (or inefficiency).  

The major drawback of this approach is that it can only be used to estimate the average technical efficiency 

of the sample. Individual efficiency estimates cannot be calculated as they contain both positive and negative 

values, yielding to a difficult interpretation for negative values. The definition of “efficiency” is also lax: 

performing as the “average” firm is considered “efficient”. Finally, the deviation from the fitted line is entirely 

attributed to efficiency, leaving no scope for inclusion of random errors or shocks in the model.3 

Corrected OLS model (COLS)  
To address the concern that negative inefficiency seems implausible, the COLS model adjusts the estimated 

constant term by shifting the OLS line to fit the best performing company. This is based on the presumption 

that the best performing company defines an “efficiency frontier”. The COLS line represents the efficiency 

frontier as defined by the modelled costs and the minimum residual. This adjustment allows all other 

companies to have a positive corrected residual, and therefore being deemed as inefficient.4 The efficiency 

estimates under COLS are calculated as the difference between each firm’s actual costs and the COLS 

estimated efficiency frontier. 

The COLS model implies that all the deviations from the frontier measure inefficiency only. However, 

attributing the residual entirely to inefficiency prevents accounting for any additional noise, which may arise 

from measurement errors, omitted variables, functional form, company specific shocks or exceptional costs. 

Making no allowance for random errors, the estimated frontier is also highly sensitive to outliers, a further 

drawback of the model. The Modified OLS (MOLS) model addresses these issues and represents a more 

robust and less restrictive approach for benchmarking.   

Modified OLS model (MOLS) 
The COLS assumption that all deviations from the frontier represent inefficiency is a very strong one. 

Although statistical tests can be performed to increase the degree of confidence in the efficiency estimates 

produced by the COLS approach, this assumption is likely not to be met in practice.  

The MOLS approach addresses this issue by shifting the cost frontier slightly less. Similarly to COLS, MOLS 

estimates the parameters by OLS and modifies the estimated intercept by shifting it down. The shift, however, 

lies between the OLS and the COLS efficient frontiers. Generally, statistics based on the residuals (typically 

the upper quartile, UQ) are used instead of the minimum as in the COLS model. Both Ofwat and the CMA 

used the UQ in previous studies in order to define the industry frontier. The efficiency estimates under MOLS 

are thus calculated as the difference between the actual values and the predicted values under MOLS. 

Each firm below the UQ is considered as fully efficient while the efficiency levels of the remaining companies 

are rescaled with respect to the UQ efficiency level (rather than with respect to the frontier identified by 

the COLS method). This adjusted approach results in a more conservative estimate for the scope of “catch 

up”. 

It is important to note that the difference between the efficiency estimates of COLS and MOLS can be 

understood as an extra “allowance” for firms since it reduces the cost requirements for each company as it 

makes the inefficiency scores smaller. Hence, such allowance is not part of their inefficiency but is attributed 

to any noise or errors not taken into account in the calculations (the limitation of such approach is that it 

assumes that the errors are the same across all companies). 

                                                
3  These are usually included to allow for any unexplained variance in the data. 
4  This holds for all firms except for the firm with the largest negative residual, for which estimated inefficiency equals 

zero by definition. 
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Efficiency estimation  
We illustrate the mechanics of benchmarking with a simulated example. Data on totex costs have been 

simulated for 19 imaginary firms.5 For illustration purposes it is assumed that totex costs can be explained by 

a single variable (or cost driver). Hence, 𝑦 =  𝛼 + 𝛽𝑥, where 𝑦 is totex costs, 𝑥 is the explanatory variable 

(for example, length of mains) and 𝛼 and 𝛽 are parameters to be estimated. 

Benchmarking for OLS, COLS and MOLS is illustrated in Figure 2.1 below. Each dot represents the cost and 

characteristic combination for a single firm which has been labelled with alphabetic characters.  

 The estimated costs under OLS are represented by the (thinner red) line of best fit and can be 

understood as an estimate of the costs of company 𝑦 for different values of 𝑥. 

 The COLS (dashed green) line represents the efficiency frontier as defined by the modelled costs (OLS) 

and the minimum residual (i.e. company 𝑚 in the example). 

 The MOLS (thicker orange) line represents the efficiency frontier based on a shift estimated using the 

upper quartile of the residuals. 

Against this background, the efficiency estimates under COLS (𝜀�̂�𝑂𝐿𝑆) can be calculated as the difference 

between firms’ actual cost values (𝑦) and the COLS efficiency frontier. Similarly, the efficiency estimates under 

MOLS (𝜀�̂�𝑂𝐿𝑆) are calculated as the difference between the actual costs (𝑦) and the predicted costs under 

MOLS. In Figure 2.1 we illustrate the COLS and MOLS efficiency estimates for observation “q”. 

                                                
5 The data generating process is 𝑦 =  4 + 5𝑥 + 2𝑧 + 5𝑟𝑛𝑜𝑟𝑚𝑎𝑙(), with, 𝑥 =  3 + 5𝑢𝑛𝑖𝑓𝑜𝑟𝑚() and 𝑧 =  2 +

10𝑢𝑛𝑖𝑓𝑜𝑟𝑚(), where 𝑟𝑛𝑜𝑟𝑚𝑎𝑙() and 𝑢𝑛𝑖𝑓𝑜𝑟𝑚() represent standard Normal and Uniform distributions (for a better 

illustration of a multiple mergers effect, we increased by 5 the value of simulated costs for company “i” resulting from 

the data generating process).  For our estimation purposes, we assume that only data for 𝑦 and 𝑥 are available so that 

the efficiency benchmark model is 𝑦𝑖 = 𝛼 + 𝛽𝑥𝑖 + 𝜀𝑖 (for 𝑖 = {𝑎, 𝑏, . . , 𝑠}). This assumes that 𝑧𝑖 is not observed, which 

implies it is captured in the error term. Data have been generated using a random-number seed of 10301 (“set seed 

10301”). Data were simulated in Stata 14.2. We note that we obtained different generated numbers with a previous 

version of Stata, so version 14.2 should be used to replicate the results (data are provided in the Annex).  
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Figure 2.1 Efficient frontiers and efficiency estimates 

 

2.2 Ofwat’s econometric cost specifications 

Ofwat developed cost models to derive a basic cost threshold (BCT) for each company based on totex 

benchmarking, unit cost modelling and some additional adjustments for un-modelled costs and for company-

specific arguments. In selecting the dependent variable to be used in the calculation of the BCT for each 

company, Ofwat specifically used two types of models: 

 Models that compared measures of totex between companies. The totex measure captured most of the 

expenditure of the wholesale water service, excluding some specific items that Ofwat did not want to 

include in its benchmarking analysis (e.g. business rates and pension deficit repair contributions). 

 Models that compared measures of base expenditure across companies. The base expenditure measure 

was the part of the totex measure that excluded capex allocated to enhancement projects. 

For a given year, the measure of totex was the sum of opex in that year and a measure of the average capex 

over the previous five years. This approach was used to smooth/reduce fluctuations in the capex measure 

across time. Similarly, the base expenditure measure was the sum of opex plus the average capital 

maintenance expenditure in the last five years. 

Ofwat’s modelling approach adopted for determining the BCTs mirrors a MOLS approach with some 

modifications. In particular, Ofwat calculated the baseline value for each company as the un-weighted average 

(“triangulation”) of the following three modelling approaches: 

 Full totex model: an econometric totex model using the COLS estimation technique and including an 

extensive list of explanatory variables to derive the full totex estimate. 

 Refined totex top-down model: two econometric models (Random Effects – RE; corrected ordinary least 

squares – COLS) containing a smaller (refined) set of explanatory variables. 
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 Refined botex (all capital maintenance and opex) models: two models estimated using RE and COLS, and 

a reduced set of explanatory variables.6  

Projected costs resulting from the different model specifications are averaged through the “triangulation” 

approach and adjusted afterwards applying the upper quartile in order to set the efficiency target.  

The refined models for water (totex and botex, RE and COLS) used the following explanatory variables (in 

addition to a constant): Length of mains; Property density (properties served per km of mains); Length of 

mains (squared term); Density (squared term); Length of mains x Density; Time trend; Average regional wage; 

Population density (population connected per properties connected); Proportion of mains relined and 

renovated; Proportion of water input from reservoirs; Proportion of water input from river abstractions. All 

variables were expressed in logs, except for the constant and the time trend. 

The full totex model excluded the variables for proportion of water input from reservoirs and river 

abstractions, but also contained: Usage (proportion of usage by metered household properties); Usage 

(squared term); Length of mains x Usage; Density x Usage; Proportion of metered properties; Sources (total 

number of sources per distribution input); Pumping head; Proportion of new meters; Proportion of new 

mains (new mains out of total length of mains at year end);7 Proportion of properties below reference 

pressure level; Leakage volume; Proportion of properties affected by unplanned interruptions > 3 hrs; 

Proportion of properties affected by planned interruptions > 3 hrs; Proportion of usage by metered 

household properties; Proportion of usage by metered non-household properties. 

2.3 Alternative techniques and models 

There may be alternative approaches for estimation of efficiency. These could be related to different 

specifications and techniques or alternative methods. 

Alternative estimation techniques could be used. For example, GLS random effects could be used to 

complement the findings obtained with OLS. However, this is likely to have a limited impact on the results. 

The CMA reported that the choice between OLS and GLS random effect had a “small effect on the estimated 

efficient level of expenditure from the models”. In any case, it may be advisable to provide different 

specifications as a robustness check of the model. The final choice may depend on econometric statistics for 

goodness of fit and model specification tests. 

Another possibility may be to adopt a different econometric model at the next price review. This may depend 

on the level of statistical robustness achieved with the new econometric models and would have to be 

assessed comparing the result of different methods. The most common alternative techniques are Stochastic 

Frontier Analysis (SFA) and Data Envelopment Analysis (DEA). In Europe Economics (2015) we described 

examples such methods and their corresponding strengths and limitations.8 

Stochastic Frontier Analysis (SFA) 
Stochastic Frontier Analysis can be used to estimate a cost function to show the minimum costs given 

particular inputs. This technique accounts for random shocks by incorporating an additional term (un-related 

to the inefficiency term). Hence, it specifically allows the error term to be split into two components: the 

first reflecting cost inefficiency and the second reflecting the classic regression error. The major strength of 

                                                
6  The models where then used as part of a building block which also contained: (i) A separate benchmarking analysis 

related to aggregated unit cost models focused on enhancement expenditure; and (ii) An un-modelled cost 

adjustment in addition to benchmarking analysis. Specifically, Ofwat made a series of adjustments for special cost 

factors to capture areas of companies’ costs that could not be modelled. 
7  The variables proportions of new meters and new mains aims at measuring enhancement activity. 
8  Europe Economics (2015): “Valuing the Impact of Mergers in the Water and Sewerage Sectors and Identifying 

Undertakings in Lieu”. 
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SFA is therefore that efficiency estimates account for the impacts of classic measurement errors, making this 

approach less prone to issues related to outliers and influential observations.  

However, in order to achieve the decomposition between noise and inefficiency, SFA models require the 

assumption that the probability distribution of the noise element is significantly different from the probability 

distribution of the efficiency/inefficiency element. In addition, assumptions on the type of distributions for the 

noise and inefficiency error terms are required.9 Some typically used distributions include the following: Half-

normal (truncated at zero), Exponential or Gamma distribution.  

The distributional assumptions used for estimation of SFAs represent an important limitation of the method. 

Empirically, it has been shown that the estimation of the parameters is significantly affected by the distribution 

used. In addition, there are also more basic considerations: when a particular distribution is used for the 

efficiency term, this implicitly assumes a particular distribution of companies’ efficiency. In the case of half-

normal distribution, for instance, this assumes that there is a high proportion of companies to be operating 

just below the “efficiency frontier” (and a lower proportion of very inefficient companies). As the CMA has 

noted, there may be no obvious a priori reasons for such distribution.10 In addition, SFA requires many data 

points to be able to estimate accurately the distribution of both the noise error term and the inefficiency 

error term. Moreover, with reduced samples some of the algorithms used to compute SFA estimates can fail 

to converge (ie find a solution) in real empirical applications.  

Despite its appealing features, the decision not to rely on SFA for water benchmarking has been quite 

consistent in past assessments: 

 In its past work for Ofwat, CEPA considered several different SFA approaches as candidates for its model 

estimation, but decided against these.11 The reasons were that: OLS and GLS (random effects) models 

produced more stable and robust results than SFA models; some of the SFA models did not converge (ie 

find a solution); and that some of the theoretical assumptions about the probability distribution of 

inefficiency and noise may be considered arbitrary.  

 The CMA did not consider that estimates from SFA models would provide a reliable additional evidence 

base for its determination of the Bristol case. Hence, SFA analysis was not used when developing 

alternative models. 

Data envelopment analysis (DEA) 
Data envelopment analysis (DEA) is a non-parametric technique that uses linear programming to calculate 

the efficient frontier of a sample. A DEA model can be input or output oriented, depending on the industry 

under analysis. DEA models can be estimated either assuming constant returns or variable returns to scale, 

with the latter usually yielding higher efficiency scores.  

The main advantage of DEA is that it is a non-parametric technique, and therefore it does not require the 

specification of a functional form that links together inputs, outputs and other variables. DEA does not require 

large amounts of data which may be useful in some circumstances, although this may constrain the number 

of inputs and outputs that can be used. Finally, DEA can accommodate the effects of additional variables 

either in the linear programme as non-controllable variables or included in a second step.   

                                                
9  In general, standard assumptions of zero mean, homoskedasticity and independence is assumed for elements of the 

noise error. The inefficiency error term is typically assumed to be identically and independently distributed following 

a non-negative random distribution. 
10  For example, in the context of the regulated water industry in England and Wales, it might be reasonable to expect 

that a “few companies would be at the frontier, most companies would have a moderate level of inefficiency and a 

small number of companies would be more inefficient”. CMA (2015): Bristol Water plc A reference under section 

12(3)(a) of the Water Industry Act 1991 Report. 
11  CEPA (March 2014), Cost assessment – advanced econometric model. 
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The main weakness of DEA is that it does not allow testing for statistical significance of included inputs and 

outputs nor construct confidence intervals for efficiency scores. As DEA does not allow for inclusion of error 

terms, this makes it extremely sensitive to measurement error, outliers and random noise.12 Furthermore, it 

is unclear whether DEA has better small sample properties than parametric approaches such as OLS and 

Random Effects (RE). However, simple DEA models allow investigation of efficiency from a different angle, 

which in some instances can be extremely useful in increasing the robustness of the results.  

                                                
12  Recent research has proposed different ways to account for these limitations by using bootstrap methods. 
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3 Approach to Assessment of Prejudice 

As set out in chapter 2, Ofwat uses models based on comparing costs between companies to set a level of 

efficient future costs as one of the building block of customer bills. In this chapter we look at how those 

models are used to assess whether a merger is likely to lead to customer detriment. At a high level: the 

models are reassessed assuming the merger has gone ahead to determine if in future companies will continue 

to face a strong efficiency challenge.  

The importance of comparative information for benchmarking purposes is recognised in the special merger 

regime which applies in the water sector in England and Wales. Under the special merger regime, Ofwat is 

required to provide opinion on whether relevant customer benefits outweigh the prejudice to its ability to 

make comparisons. Relevant customer benefits can take the form of lower prices, higher service quality, 

greater choice or greater innovation. 

Ofwat has produced a Statement of Methods where it sets the criteria and the weighting of those criteria to 

assess each merger. The assessment of the impact of a merger takes into account the evidence provided by 

merging parties. It is based on a comparison between the factual situation (with merger) and counterfactual 

(without merger), taking into account any future uncertainty (scenario-based approach). The assessment 

considers the consequences in each of the areas where comparisons are used. The approach to the 

assessment of prejudice follows the analytical framework set out by the CMA in its investigation on the 

Pennon / Bournemouth merger. 

In this Section, we describe first Ofwat’s principles in its Statement of Methods. The approaches used for the 

definition of the merger scenarios and the change in benchmarks and precision are described in subsequent 

headings. The Section contains the following: 

 Criteria for assessment of prejudice: this illustrates the different concepts used by Ofwat when assessing 

the impacts of a merger. It is relevant because it explains “overlaps” and “independent” comparators; it 

highlights the importance of considering how the merger may impact the “benchmarks” (used to establish 

the basic cost threshold for each company) and the “precision” of the models; and it shows the need for 

considering how merging companies may contain important “similarities” or “differences” when used as 

comparators in the regulatory regime. 

 Definition of “before”- and “after”-merger scenarios: this explains how to simulate the impact of the 

merger versus a “no merger” situation. 

 Change in benchmarks: this explains how the “Static Approach” and “Forward-looking Approach” are 

used to understand how the merger may affect the upper-quartile threshold used for benchmarking. 

 Change in precision: this explains the different approaches used (“General Approach” and “Specific 

Approach”) to estimate how mergers may change the precision of the models. 

 The loss of a company with important similarities or differences: this explains how that may affect Ofwat’s 

ability to make comparisons across companies. 

 The final subsection, loss of number of independent observations, shows the importance of the number 

and quality of independent observations by referring to arguments of “precision of the models” and 

“capturing useful variation”.  

This section is important as its sets the background for the approaches currently used. In the next Section 4 

we explain the implications and limitations of such approaches when considering different mergers (this will 

be done by considering some simulated cases using an illustrative randomly-generated sample. 
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3.1 Criteria for assessment of prejudice 

Ofwat outlines seven key criteria to be considered when assessing whether a merger would prejudice its 

ability to make comparisons. These criteria are outlined below and we provide our interpretation of their 

intentions and purposes, focusing on the implications of the most relevant in this study.  

Criterion 1: The extent to which merger involves overlaps 

Ofwat considers that the greater the degree of overlap of the merging entities, the more likely is that a 

merger would prejudice its ability to make comparisons. For example, a water only company taking over 

sewerage functions would not prejudice Ofwat’s ability to make comparisons in these areas, according to the 

Statement of Methods. It should be noted, however, that water and sewerage services are typically supplied 

jointly (currently, there are no sewerage-only companies). It is therefore possible that losing a water company 

would prejudice Ofwat’s ability to regulate the water side of water-and-sewerage companies. 

Criterion 2: Whether the merger involves the loss of an independent comparator 

It is possible that merged companies will continue to operate under separate licences and keep their reporting 

separate. This may mitigate the risk of losing an independent comparator. However, Ofwat stresses that 

merged companies are likely to behave in similar ways, resulting in “not fully independent” data points and 

this may reduce the value of the comparators. Ultimately, this deserves a case-by-case evaluation and 

depends, to a great extent, on what is being compared. 

Criterion 3:  The extent to which the merger will change benchmarks 

The extent to which the merger will change the benchmarks used by Ofwat is a key issue. For any merger, 

the upper quartile (UQ) performance level used to set the benchmark in the industry will always be impacted 

as it changes the position of the target frontier. The extent to which this change is significant depends on the 

performance of merging companies relative to the efficient frontier. In this respect, Ofwat considers that if 

at least one of the merging companies is high-performing in some area, there is likely to be a greater risk of 

detriment to consumers than if both firms are poor performers (i.e. losing a high-performing company may 

reduce the scale of challenge for other companies in the sector). This is illustrated with an example further 

below (in Section 3.3). 

Criterion 4: The number and quality of independent observations that remain 

This criterion assesses whether the merger may have an impact on the precision of the models. This is linked 

to the assessment of the impact of the merger (and of the subsequent reduction in the number of 

comparators) on the robustness of the analysis and estimates derived from statistical modelling.13  

It is also recognised that the detriment resulting from the loss of a comparator is likely to increase for each 

successive merger (as fewer comparators would remain). However, mergers could also have a beneficial 

effect, for instance, by removing a poorly performing company or creating new innovative structures and 

beneficial synergies. 

Criterion 5: A loss of a comparator with important similarities for comparisons 

Under Criterion 5, Ofwat considers the extent to which pre-merger companies are similar to a limited 

number of other companies in the industry with respect to a number of dimensions. In particular, there is 

potential greater detriment when at least one of the merging parties is considered to be a valuable 

comparator for the regulatory regime —perhaps for a subset of other companies in the industry, or in respect 

of one or more specific areas of operation.  

                                                
13  This is explained in Ofwat’s opinion on the acquisition of Dee Valley by Severn Trent: “An increase in the error band 

around our benchmark estimates of wholesale costs could impact on the confidence we might have in using econometric 

models to set appropriately challenging efficiency benchmarks in the future and we consider this will be a more important 

issue in future merger investigations”. 
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Ofwat considers such comparisons to be particularly useful when assessing claims put forward by companies 

for operating in specific rural or urban areas as well as mergers between contiguous companies (i.e. operating 

in similar circumstances and facing similar issues). 

Criterion 6: A loss of a comparator with important differences for comparison 

Similarly to Criterion 5, Criterion 6 takes into consideration the extent to which the loss of differences 

between merger parties and other undertakings may affect Ofwat’s ability to make robust comparisons. In 

particular, if one or more of the merger parties work differently from other companies, they can inform the 

benchmarking exercise for example by spreading best practice and the adoption of innovative approaches.  

Criterion 7: Alternative approaches available to offset the loss of this comparator 

Ofwat considers how amending its regulatory approach might offset the loss of comparator resulting from 

the merger. This may include, inter alia, the adoption of different econometric techniques as well as a different 

choice of a benchmark within the sample as to offset the potential detriment for consumers arising from the 

loss of comparators. 

3.2 Definition of “before”- and “after”-merger scenarios 

The analysis of the impact of a merger needs to consider the incremental impact of the merger compared to 

a situation in which the merger does not take place. This requires the simulation of the situations with and 

without the merger. Sometimes these are referred to as the “before” and “after” scenarios (to reflect the 

situation without and with the merger).  

Effectively, the impact of a merger is modelled by considering how the result of the most recent price control 

would have been different, had the merger already taken place by the time of the more recent price review. 

“Before” scenario (pre-merger) 

The “before” scenario assumes the merger had not occurred (this is typically referred to as the counterfactual 

case). It usually reflects the current situation before the event takes place.  

The recent assessment of Severn Trent / Dee Valley merger treats the merging companies as separate. 

Nevertheless, data were aggregated to include the Pennon / Bournemouth merger (which had previously 

occurred in 2015). This involved using sums or weighted averages (depending on the variables) of data from 

the already merged companies. The approach implicitly assumes that Ofwat would continue to regulate the 

industry in the same way with 17 companies as with 18.   

“After” scenario (post-merger) 

A simulated new entity needs to be created to reflect the merger of the two firms. In the recent assessment 

of Severn Trent / Dee Valley merger, new data points were created for the merged entity by adding data 

(some variables, such as mains length, were summed together while others, such as wages, were aggregated 

using a weighted average).  

Any efficiency gains (in terms of synergies and efficiency savings) from the merger were not intended to be 

taken into account. This is in line with the Statement of Methods which considers the effects that cause “most 

detriment”. 

3.3 Change in benchmarks14 

Consistent with Criterion 3, Ofwat analyses the extent to which the merger will change the benchmarks (the 

upper quartile performance level used to set the industry efficient frontier). The effects of the Severn Trent 

/ Dee Valley merger have been calculated using the Static and Forward-looking approaches.  

                                                
14  This section describes the changes to cost benchmarks. Other benchmarks would need to be looked at differently. 
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The Static Approach  
The Static Approach estimates the impact of the merger over the PR14 price control period as the change 

in the benchmark level of performance (the UQ level) between the pre-merger and post-merger situations. 

The industry aggregate is then calculated as the sum of each company’s scores (efficiency or inefficiencies)15.  

Ofwat has considered the impact of a merger on the overall UQ threshold. At a high level, there are three 

possible scenarios expected. In relation to the counterfactual case, the merger will lead to: 

 A Decrease in the efficiency requirements for the industry if both merging parties are more efficient than 

the UQ (the frontier will shift up); 

 An Increase in the efficiency requirements if both merging parties are less efficient than the UQ (the 

frontier will shift down); 

 An Ambiguous effect if the merging parties lie on either side of the UQ. 

More specifically, a merger of two efficient firms would remove one observation in the upper quartile and 

therefore would shift it down (in terms of ranked firms), resulting in the UQ frontier being shifted up. In 

turn, this would increase prices to consumers since the efficiency challenge for the industry is reduced. 

Conversely, a merger of inefficient firms would remove one “inefficient” observation and would shift the 

upper quartile up while moving the efficiency frontier down (i.e. decreasing prices for consumers).  

These opposite effects can be illustrated by our simulated example (Figure 3.1). In order to do that, we 

analyse the impact of a merger between: 

 Two inefficient firms (i.e. “g” and “h”) – both above the UQ and hence inefficient (Figure 3.1, top). 

 Two efficient firms (i.e. “o” and “l”) – both below the UQ and hence efficient (Figure 3.1, bottom). 

For both cases, MOLS line reflect the frontier line in the absence of the merger, while the revised post-

merger MOLS shows the efficiency frontier resulting after the merger (i.e. after the costs of the merging 

firms have been summed).  

Ofwat estimates the effect of the merger on the total industry as the change in the UQ efficiency target 

(multiplied by the industry totex over the PR14 period). 

The Forward-looking Approach  

The Static Approach does not take into account any possible changes in companies’ performance across time. 

The Forward-looking Approach tries to take such possibilities into account by introducing the probabilities 

of future changes in water companies’ relative efficiency performance. The probabilities of relative efficiency 

performance changes are estimated using evidence from movements in companies’ past rankings. Each 

probability is used to estimate the likelihood of the merged entity being above or below the UQ efficiency 

level in future, and hence to predict the expected impact of the merger in future years. 

The Forward-looking Approach is just an extension of the Static Approach (using a change in the benchmark 

UQ level of performance adjusted with some probabilities to reflect changes in firm’s rankings). As such, it 

will have similar limitations to the Static Approach. In particular, as will be seen in the next Section 4, it does 

not use re-estimation of the models. 

 

                                                
15  In NPV terms over the period of the PR14 price control. 
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Figure 3.1 Upper quartile change in response to mergers 

 
 

3.4 Change in precision 

In accordance with Criterion 4, the assessment of prejudice analyses whether the impact of the merger may 

have an impact on the precision of the models. 

The most recent precedent in the analysis of impacts on precision is related to the Severn Trent / Dee Valley 

merger. The analysis uses both the General and Specific Approach and follows the methodology used by the 

CMA in its investigations of the Pennon / Bournemouth merger. 
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The General Approach 

The General Approach involves estimating the increase in the models’ prediction error due to there being a 

smaller sample size. In broad terms, the General Approach involves looking at how the loss of a comparator 

following a merger is likely to affect a given “error band” around the benchmark in Ofwat’s current wholesale 

models.16 

In the Pennon / Bournemouth merger, Ofwat separated the estimates in two parts:  

 The reduction of precision in the totex estimate.  

 The reduction in precision in the UQ benchmark.  

The reduction of precision in the totex estimate is estimated using the percentage change in the differences 

of the sum of errors (constructed using the predicted values perturbed by plus and minus one standard error 

of the prediction) before and after the merger.17 

The reduction in precision in the UQ benchmark uses the range of UQ estimates based on the pre-merger 

error band (calculated by re-estimating the UQ for each bound). The change in the “mean deviation” 

(calculated from the absolute differences) gives a measure of the reduction in precision in the UQ benchmark. 

The CMA estimated the reduction in precision using the changes in the econometric totex estimate only.  

 
The Specific Approach 

In its interpretation of the Pennon / Bournemouth merger, Ofwat's identified first those characteristics that 

would be likely to have the greatest impact on coefficient estimates if Bournemouth Water were lost. This 

identified that Bournemouth Water had the highest usage per property in the industry. It then tested how 

the removal of Bournemouth Water affected its coefficient estimates and found that this resulted in 

insignificant changes in those coefficient estimates. The predicted costs determined by the model also 

remained unchanged (aside from the usage elasticity in the full model). 

In a second step, Ofwat looked at the difference between the predicted values for each company based on a 

re-estimation of the historical econometric totex estimate using post-merger data (this included two 

approaches: a merged entity aggregating merging firms’ information, and a sample after dropping 

Bournemouth Water’s observations).  

Ofwat tried to isolate the effect of efficiency loss (changes in the benchmark) and precision loss (confidence 

in the benchmark) by looking at the difference in two re-estimations of its model. In doing so, it compared a 

firm’s inefficiency (i.e. its distance from the UQ benchmark) pre-merger with a firm’s post-merger inefficiency 

                                                
16  This is approximated by perturbing the coefficient estimates (for all variables except the constant term) in Ofwat's 

models by plus or minus one standard error, and then repeating this calculation for the removal of data points (to 

reflect a post-merger situation). It is important to note that the approach does not re-estimate the benchmarking 

models, instead, the standard errors are simply recalculated using the fewer degrees of freedom that would 

correspond to a smaller sample. 
17  The analysis uses the differences in terms of the “mean deviation” pre- and post-merger. The “mean deviation” is a 

statistic created by Ofwat calculated as the average of the absolute difference of the interval for total “inefficiencies”. 

For each firm an inefficiency interval is created as the predicted values perturbed by plus and minus one standard 

error of the prediction. The total “inefficiencies” are then constructed as the sum of the annual errors across all 

water companies (for the pre- and post-merger situation). Ofwat performs this calculation in five steps: (1) Calculate 

the predicted values for the historical cost curve estimated by its econometric totex model for: the central prediction 

and for predicted values perturbed by plus and minus one standard error of the prediction. (2) Calculate the residuals 

(observed costs minus predicted values for each of the three situations: mean, plus one and minus one predictions). 

(3) Obtain total “inefficiencies” as the sum of the annual errors across all water companies. Subtract the interval 

totals from the central estimate. Use the average of the absolute difference to obtain a “mean deviation”. (4) Repeat 

steps 1 to 3 using prediction errors adjusted for a loss of generalised data points and calculate a “mean deviation” 

post-merger. (5) The percentage increase in the “mean deviation” is interpreted as a reduction in precision from the 

merger. The process is explained in the CMA’s assessment of Pennon/ Bournemouth merger (Appendix D, pg. D6). 
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(under the two scenarios). It interpreted the difference as the “specific” reduction in precision resulting from 

the merger. However, the CMA concluded that Ofwat’s approach risks conflating the benchmark effect with 

the precision effect.  

3.5 Loss of a company with important similarities or differences 

Criteria 5 and 6 are concerned with the potential loss of a company with important similarities or differences 

to the remaining companies or each other, as a result of a merger. This could affect Ofwat’s ability to make 

comparisons across companies operating in similar circumstances, or across companies with important 

differences. For example: similarities can take the form of best practice in some areas, or the use of innovative 

approaches; differences may help Ofwat assess claims under certain challenging conditions (particular rural 

or urban areas). 

In the assessment of the Pennon / Bournemouth merger, the CMA considered the impact of qualitative 

comparisons in relation to different dimensions18. It concluded that the merger would not adversely impact 

Ofwat’s ability to monitor performance or enforce regulatory provisions. It also concluded that it would not 

have an adverse impact on spreading best practice.19  

In the assessment of Severn Trent / Dee Valley, Ofwat carried out a qualitative assessment of the potential 

impact of the merger across a number of areas.20  It concluded that the loss of Dee Valley as a comparator 

would not represent a material adverse impact on its ability to make comparisons. This is because Dee Valley 

has attributes that would provide assistance in making comparisons in only limited circumstances. Ofwat 

submitted that Severn Trent has been a more helpful comparator in other areas (aspects of its customer 

engagement and ODIs) but concluded that, in general, the merger would not jeopardise these aspects given 

that Severn Trent is a much bigger enterprise than Dee Valley.  

3.6 Loss of number of independent observations 

The implications the reduction in the number of independent observations is assessed indirectly in some of 

the assessments. 

In Ofwat’s opinion to the CMA on the acquisition of Dee Valley by Severn Trent it is recognised the 

importance of the number and quality of independent observations that remain. The assessment suggests that 

this may have an effect on the “precision of the models” and in “capturing useful variation”. Hence: 

 The precision effect recognises that if the companies provide useful variation in certain variables “and 

some of this variation is lost as a result of the merger, this may result in a loss of precision in [Ofwat’s] 

models”. 

 The variation effect is recognised as “merging companies may have specific characteristics which make 

them particularly useful for [Ofwat] in modelling wholesale costs”.  

In its assessment of Pennon / Bournemouth merger, the CMA, identified two potential adverse impacts also 

related to precision and variation. It considered that: 

                                                
18  (i) Ongoing monitoring, (ii) enforcement, and (iii) spreading best practice. 
19  Being Bournemouth Water a small WOC, the scope for influencing other larger companies was limited. 

Furthermore, any impacts on small water companies would affect a small proportion of the sector. Finally, it 

concluded that best practice can be spread using a range of alternative techniques. 
20  (i) Customer engagement; (ii) company specific adjustments to cost benchmarking results; (iii) company behaviour; 

(iv) accounting information and the reporting of data; (v) financeability, risk and reward; and (vi) performance 

commitments and ODIs. 



Approach to Assessment of Prejudice Draft for Discussion  

 

- 21 - 

 A reduction from 18 to 17 water companies results in an inherent loss in precision. This is justified on 

grounds of statistical theory which states that “fewer data points will lead to less precise econometric 

estimates”.21  

 If data provides useful variation in certain variables and some of this variation is lost as a result of the 

merger, this may result in a loss of precision in Ofwat’s models. On the other hand, if the merger does 

not lead to a significant loss in variation then the merger is “less likely to lead to a significant loss in 

precision (and indeed may even improve precision)”. 

It is also worth mentioning that the CMA, as part of the Pennon / Bournemouth assessment did not take a 

view on how many water company comparators are required in order for Ofwat to be able to make 

comparisons between water enterprises: it believed that it is “not possible to state a minimum number of 

comparators below which [Ofwat’s] ability to make comparisons would be prejudiced”. This is because there 

are different additional factors which need to be taken into account which will depend on the circumstances 

of the merger under consideration. 

3.7 Summary 

In this section we have seen that Ofwat’s principles in its Statement of Methods are based on different 

concepts, which concern how the merger may impact: the “benchmarks”; the “precision” of the models; or 

the database used which may contain important “similarities” or “differences” between companies. 

We have also seen the approach used for the definition of “before”- and “after”-merger scenarios and 

different approaches used to assess the concepts in the Statement of Methods. 

 The “Static Approach” and “Forward-looking Approach” are used to assess the impacts on the 

benchmarks (and efficiency frontiers). 

 The “General Approach” and “Specific Approach” are used to estimate the impact on the precision of 

the models. 

 The ability to make comparisons across companies is assessed using qualitative comparisons of different 

dimensions (variables). 

 The reduction in the number of independent observations has been addressed indirectly by referring to 

arguments concerning the “precision of the models” and “capturing useful variation”.  

                                                
21  The CMA states that generally one would expect “larger samples to be more likely to represent the population from 

which they are drawn (that is, closer to the true values they are trying to estimate). Intuitively, the larger the sample 

upon which an estimate is derived, the lesser the extent to which random factors, such as unpredictable events that 

are not controlled for in the model, affect that estimate.” 
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4 Features for Consideration 

Having described the prevailing approach to the assessment of prejudice in the previous section, we now 

spell out some of the issues that could arise in analysing the potential impacts of mergers. To enable us to 

depict the effects of a merger in two dimensions we use a simplified hypothetical model based on simulated 

data to show different situations where the impacts could be of a very different nature.22 However, we 

consider that the issues we identify generalise to the more complex models Ofwat uses in practice.  

In this Section, we explain different features for consideration. These align with the main headings described 

in Section 3. In particular, we consider: 

 Differences in the approaches for defining “before”- and “after”-merger scenarios (and inconsistencies 

we have found). 

 Considerations of the assessment of impacts in benchmarks using the “Static Approach” (and differences 

when models may be re-estimated).  

 How the use of the “General Approach” can lead to opposite results in the assessment of precision (in 

special cases). 

 How a reduction in the number of independent observations can affect the “variation” of the models 

(but not always the “precision” of the model estimates). 

In chapter 5 we present corresponding solutions which aim to address the issues we identify in this chapter. 

4.1 Considerations when simulating the “before” and “after” situation 

In the investigation of Pennon / Bournemouth (2015), the CMA used different approaches to assess the 

impacts of the merger. All approaches used the results of the existing econometric models in PR14 (the 

models were not re-estimated to reflect the reduction of 18 to 17 water companies).23 

However, in the later assessment of the Severn Trent / Dee Valley merger (2016), the submission by Severn 

Trent made adjustments to PR14 models to reflect the Pennon / Bournemouth 2015 merger. This involved 

re-estimating the models so that the baseline analysis used 17 companies instead of 18.24 The analysis of the 

impacts of the subsequent Severn Trent / Dee Valley merger was conducted following the CMA’s 

methodological approach (without re-estimating the models to reflect the further reduction from 17 to 16 

companies). 

As a result, there is an inconsistency in how the “before” and “after” situations have been addressed. One 

would expect that the “after” situation in 2015 (to reflect the simulated new situation with 17 companies) 

would be the same as the “before” situation in 2016 (to reflect the current situation with 17 companies). 

However, this is not the case. The models are re-run only to form the baseline analysis for the Severn Trent 

                                                
22  Our examples use only two variables (in addition to a constant) for illustrative purposes. The main concepts and 

intuitions can be generalised to the multivariate case. 
23  The effect on the benchmark is assessed by looking at the changes in the estimated UQ benchmark only. The General 

Approach uses the change in the standard error due to loss of degrees of freedom (but does not take into account 

the change in the size of the residuals as a result of the merger). The only exception is the Specific Approach which 

re-estimates Ofwat’s models (Ofwat looked at the difference between the forecast values for each company based 

on a re-estimation of their models with: (a) a simulated merged entity and (b) after dropping BW’s observations. 

However, the CME did not take this approach into consideration because believed it risks conflating the benchmark 

effect with the precision effect. This is also acknowledged by Ofwat). 
24  This is because it assumes that Ofwat would continue to regulate the industry in the same way with 17 companies 

(as it did with 18) so that they considered that “re-running the models for a dataset with 17 companies to be the 

most appropriate approach”. 
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/ Dee Valley merger.  Hence the baseline (“before” situation) in the 2016 merger is different from the “after” 

situation modelled for the previous merger in 2015. 

4.2 Considerations regarding the Static Approach 

The simple aggregation of merging/merged company data can lead to an erroneous assessment. The prevailing 

approach either sums, or takes an average, of existing data to simulate how merging or merged companies 

will influence future cost models. We consider this is inconsistent with the intention of merger assessment 

for two key reasons, which we shall now explain in turn. 

Simulated merged entity not reflective of potential efficiency  

When Ofwat considers the impact a merger would have upon its benchmarking models, it effectively models 

that impact by considering, as a thought experiment, what results its models would have produced for firms’ 

efficiency challenges had the merger already taken place by the time of the previous price review. The 

question then, is, how efficient the merged entity should have been assumed to be, had its merger already 

been in place by the time of the previous price review. 

One natural assumption would be that the merged entity would have the same efficiency as the average 

efficiency of the merging entities. For the purpose of estimating the impact of a merger, previous assessments 

have calculated a new efficiency score (the ratio of actual and predicted cost – see section 2) as a weighted 

average of the merging firms’ efficiencies.25 But that assumption is not equivalent to summing or averaging 

the costs of the merging entities. 

The reason these are not equivalent is that Ofwat’s models include economies of scale, that is, larger 

companies are estimated to have a lower unit cost than smaller companies. But by simply aggregating data, 

two equally sized companies that merged would be simulated as a firm twice the size, with twice the total 

cost (and the same unit cost as the smaller companies) and not a lower total cost that reflects the unit cost 

it would be expected to achieve. 

It is important to emphasize that the issue here is not how much additional efficiency or other “synergies” 

the merger is anticipated to result in. The question concerns the baseline from which additional efficiency is 

to be measured. If in Ofwat’s models a firm twice the size will have only 50 per cent more costs, then if two 

firms of equal size merged and had 50 per cent more cost, that would not constitute additional “efficiency” 

in the sense under analysis here. If there are such economies of scale but the merged entity is assumed not 

to take advantage of them, it is being assumed to become less efficient, by definition, as a result of the merger. 

In Figure 4.1 we illustrate three different options for predicting future costs and demonstrate how this can 

have a significant influence on analysis. Assume two inefficient firms, g and h, are proposing to merge (top 

graph). With premerger costs of 61.3 and 60.5 respectively, and cost drivers 5.7 and 5.8, simply summing the 

data results in a post-merger simulated company with a cost driver of 11.5, and costs of almost 122 (noted 

by the blue dot on the top-right side of the graph) — i.e. the sum of the actual costs (as currently calculated 

by Ofwat). Should the merged firm perform like the firm setting the efficient frontier, it would have costs at 

around 56.7 (yellow dot at the bottom-right side of the graph) given its new size. Since both companies prior 

to the merger are inefficient, it may be unreasonable to expect them to reduce their combined costs to 56.7 

following the merger. They may, however, retain the same level of inefficiency. That is their costs would 

remain above the efficient level. That would suggest costs of 102 (the red dot in between the other two), 

which is considerably below the 122 suggested by simply adding the data together. 

The same issue arises between efficient companies merging (bottom graph). Simply aggregating together the 

data for companies o and l results in costs of 58.5 which is inefficient relative to the predicted efficient costs. 

                                                
25  Because efficiency scores are created as ratios of observed and predicted values this has implied constructing the 

following average efficiency score: (𝑦𝐴 + 𝑦𝐵)/(�̂�𝑂𝐿𝑆𝐴
+ �̂�𝑂𝐿𝑆𝐵

), for merging firms 𝐴 and 𝐵. 



Features for Consideration Draft for Discussion  

 

- 24 - 

Figure 4.1 Options to predict costs for the merged entity   

 
 

 
 

Thus there are two important implications of failing to take account of economies of scale. First, for the 

merger under consideration for some analysis the merged entity will be perceived to be automatically less 

efficient as a result of a merger. For the merger of efficient firms, this may (depending on the extent of the 

scale economies) suggest that the companies are no longer used to determine the upper quartile. As a 

consequence the merger would erroneously be perceived to prejudice the ability to use benchmarks. The 

impact on other mergers is less clear cut. 

Second, where a merger has already occurred, aggregating data and then estimating models (as was done in 

the assessment of Severn Trent’s acquisition of Dee Valley) will have the effect of shifting the efficiency 

frontier up, suggesting efficient costs are at least as high for any given set of characteristics. This means that 

all other companies will appear more efficient.   
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Merged entity with influence  

Re-estimating the models with amended data can also be problematic if it results in a significant change in the 

models because of the influence of merging companies. This may compound the previous issue, or may work 

in a different direction.  

When the two original data points for the separate companies are replaced with a single data point for the 

simulated company, the estimated efficient cost frontier (baseline) can shift. This can happen because: one or 

both of the original companies was influential in determining the baseline; the newly simulated company is 

influential; or a combination of the two. How the baseline moves will vary from case-to-case and therefore 

the consequences of any re-estimation of models are not predictable. 

Crucially, it is not evident that any re-estimated model would reflect a model that would be accepted for 

setting cost allowances if a merger had occurred prior to a price control. Developing cost models is a lengthy 

and intense process involving considerable challenge from stakeholders. Simply re-estimating existing models 

with new data does not necessarily provide a reasonable starting point for what costs allowances would be 

following the merger. 

The potential for change is demonstrated in Figure 4.2. In the top part of the figure, the creation of a large 

company (g/h) results in the efficiency frontier rotating: for companies to the left of the intersection of the 

red line (original cost frontier - MOLS) and the green-dashed line (the re-estimate frontier) the efficiency 

challenge would become greater, while for those to the right (including the merged entity) the challenge 

becomes less. In the example on the bottom, the efficiency frontier shifts up, meaning the efficiency 

challenge to all companies becomes less stringent.  
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Figure 4.2 Entity with influence  

  

 
 

Implications 

The two hypothetical examples in the figure above show two special cases where a merger can affect the 

benchmarks and level of performance. This will have different implications for the efficiency requirements of 

the merged entities (and industry overall).  

These are summarised in Table 4.1 which reports the estimated efficiency challenge (individual and as an 

industry aggregate) under the various approaches: pre-merger and post-merger (Static Approach, and re-

estimation).26 The impacts are calculated for a specially simulated merger of inefficient firms (companies 

                                                
26  Our figures show the industry efficiency challenges as the sum of individual firm’s efficiency challenges under different 

approaches, as we think this captures well the impacts on consumers. In the past, Ofwat has calculated the effects 

of the merger as the change in the UQ efficiency target (multiplied by the industry totex over the PR14 period). 
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reporting costs above the benchmark) and efficient firms (companies reporting costs below the benchmark). 

The examples are useful to illustrate cases where the implications (for post-merger assessment) are very 

different under the Static Approach and re-estimation. 

In the case of two inefficient firms merging we calculate the implications without a merger (pre-merger 

situation) and the impacts that would be estimated using a “Static Approach” and a merger assessed with re-

estimation.  

 The pre-merger efficiency required for firms “g” and “h” is 23.5 and 22.3, respectively. The efficiency 

requirements have been calculated as the difference between the original data and the MOLS efficiency 

frontier (estimated as the costs predicted by the MOLS model). 

 Under the Static Approach, the new efficiency challenge for the merged entity equals 47.8. This has been 

calculated as the difference between the new merged entity (sum of their actual costs) and the MOLS 

efficiency frontier (sum of merging entities efficiency frontier values estimated using the Static 

Approach).27 

Re-estimation of the model produces an increase in the slope of the estimated efficiency frontier (this is 

shown as Baseline re-estimated in Figure 4.2). As a consequence, the efficiency requirements for the 

merging firms increase further to about 51.  

The efficiency requirements for the whole industry have been calculated as the sum of the individual efficiency 

requirements of inefficient firms. Our results show that in the absence of the merger the industry challenge 

equals 180.4, it increases to 193.6 under the Static Approach and to 227.2 under the re-estimation approach. 

This movement reflects the downward shift of the frontier when inefficient firms merge (Figure 4.1, top). As 

a result, consumers would benefit from the merger in terms of higher efficiency demands. 

The same reasoning applies to the efficiency requirements for the case of two efficient firms. 

 The pre-merger efficiency requirements are negative and therefore recorded as zero.  

 Under the Static Approach the merged entity would remain efficient (i.e. displaying a null efficiency 

challenge as in the pre-merger situation).  

 Under re-estimation, the merged firm would be deemed inefficient as its efficiency challenge becomes 

positive (8.3, this can also be seen in Figure 4.1, right).  

As a result of the merger, there is an overall reduction in the efficiency requirements for the industry as a 

whole: 179.2 pre-merger, 163.3 under the Static Approach and 146.4 under the re-estimation approach. This 

reduction in the total efficiency challenge reflects the upward shift of the frontier and detriment for 

consumers (Figure 4.1, bottom).   

Table 4.1 An illustrative example of some potential implications of different approaches 

(efficiency challenges) 

 Merger of inefficient firms Merger of efficient firms 

 Pre-merger 

Static 

Approach 

Re-

estimation Pre-merger 

Static 

Approach 

Re-

estimation 

Firm 23.5 + 22.3 47.8 50.9 . . 8.3 

Industry 180.4 193.6 227.2 179.2 163.3 146.4 

 

                                                
27  It is worth mentioning that the new efficiency challenge under the Static Approach is slightly more than the sum of 

the two pre-merger requirements. This is because the MOLS frontier is not a constant shift of the OLS line but 

rather a proportional shift. Therefore, the distance of the newly merged entity from the frontier would not equal 

the sum of the two distances. 
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Conclusions 

The Static Approach provides a clear and quick assessment of the impact of the merger on the UQ 

benchmark. It is true that efficient firms merging (firms above the UQ) make the efficiency benchmark less 

challenging while mergers of firms below the UQ make the benchmark more challenging. However, when 

new models are re-estimated, as it is done when assessing the Severn Trent and Dee Valley merger, there is 

a potential risk that the efficiency benchmark is changed in unforeseen ways (we have shown two cases where 

the slope of the benchmark increases or decreases as a result of a simulated merger). 

Although these unexpected effects are unlikely to be seen in the ex-ante assessment of a merger (under the 

Static Approach), they will arise in any posterior assessment of mergers if the “before” situation re-estimates 

the models in the way it was done in the case of the Severn Trent / Dee Valley merger (2016). 

4.3 Considerations regarding change in precision 

4.3.1 Considerations regarding the General Approach to assessing change in precision 

Ofwat describes Criterion 4 in terms of changes in precision and robustness of the models being used. The 

different approaches used so far have approached this criterion by looking at changes in the error band 

around models’ predictions (totex) or benchmark estimates of wholesale costs (the upper quartile).  

The CMA considered the General Approach a useful way to assess the reduction in precision but noted 

some reservations. Firstly, the “mean deviation” used by Ofwat is considered as an ad hoc measure; as such 

there is no clear guidance on how it relates to statistical reduction in precision. Secondly, econometric 

modelling used in PR14 suffers from collinearity between certain cost drivers and this can lead to artificially 

large calculated prediction errors. Thirdly, the pre-merger level of precision under the General Approach 

does not allow separation between efficiency and variation.  

The CMA also has reservations regarding Ofwat’s estimates of a reduction in precision in its UQ benchmark, 

as it is unclear how changes in the adjustment from the overall econometric totex estimate to the UQ 

benchmark relate to a reduction in precision in Ofwat’s benchmark. Because it is unclear as to how to 

interpret Ofwat’s results the CMA placed limited weight on the General Approach.  

New estimated residuals (of specific data points) not taken into account  

The General Approach calculates the impact of a reduction in the sample on the standard error. It is 

understood that the General Approach accounts for a generic reduction in the number of data points (as a 

result of the merger) but does not take into account specific parties’ data points. This represents the main 

limitation of such an approach: “the estimated increase in the error band (i.e. greater imprecision) due to the 

loss of the data points is not related to a particular merger” (CMA 6.60).28 It may be possible that the merger 

“leads to a narrower range of relative efficiencies between water companies, this would entail a reduction in 

the average size of the residuals estimated by the model”. This in turn, might suggest that “the model is 

becoming more precise” (CMA 6.52).29  

The effect of fewer companies resulting in a more precise model is illustrated in Table 4.2 below. It shows 

the regression estimates resulting from our simulated exercise. The coefficient estimates and the 

corresponding standard errors are provided for the pre-merger and post-merger simulated situations (for 

inefficient and efficient firms merging).  

 The situation pre-merger is illustrated in the first column of the table (Model 0). 

                                                
28  CMA (2015), Pennon Group and Bournemouth Water: A report on the completed acquisition by Pennon Group plc 

of Bournemouth Water Investments Limited. 
29  As acknowledged by the CMA, this may occur in special cases where a merger leads to a smaller range of relative 

efficiencies between water companies. 
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 In the case of a merger of two inefficient firms (Model 1), the slope of the fitted line significantly increases 

in relation to Model 0 (from almost 4 to almost 8) whilst the standard error decreases (which may suggest 

an improvement in precision). Conversely, the estimate of the constant term decreases substantially 

while its standard error slightly increases.  

 In the case of efficient firms merging (Model 2), the slope coefficient slightly decreases (in relation to 

Model 0), the constant parameter increases while both predicted standard errors decrease.  

Table 4.2 Changes in the estimated coefficients under different simulated mergers 

 
MODEL 0 

Pre-merger 
MODEL 1 

Merger of: 

Inefficient [g h] 

MODEL 2 

Merger of: 

Efficient [o l] 
Variables y y y 

x 3.8908** 7.9533*** 3.2578** 
 

(1.6694) (1.5614) (1.3684) 

Constant 24.4880** 3.0266 29.4046*** 
 

(9.2010) (9.3356) (8.0135) 
  

 
 

Observations 19 18 18 

R-squared 0.2422 0.6186 0.2616 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, *<0.1  
 

4.3.2 Considerations regarding the Specific Approach to assessing precision  

The CMA stated that the estimated residuals resulting from the implementation of the Specific Approach 

contain both inefficiency and statistical error and this makes it difficult to separate the effects of the merger 

on inefficiency and precision.  

4.3.3 Conclusions  

While under the General Approach examining the confidence intervals around estimates of costs can help 

inform how a merger will impact the precision of models (ie how confident one can be in the predictions), it 

does not readily translate to a quantifiable detriment to customers. This is because less precise estimates, 

indicated by wider confidence intervals, do not necessarily lead to a less stringent cost threshold.  

The Specific Approach equally does not identify a loss to customers and in addition confounds statistical 

error (ie a loss of precision) and inefficiency.   

In particular, in its opinion on the acquisition of Dee Valley by Severn Trent, Ofwat recognised the need for 

clarifying the following issues30:  

 The approaches used do not provide clarity on the extent of customer detriment.  

 The qualitative assessment does not produce quantified estimates of adverse impacts.  

 The assessment does not recognise the cumulative impacts of several mergers – that is the loss of 

precision is only considered relative to prevailing industry structure and not relative to the models 

developed at the last control: while any single merger may have only a minor impact on model precision, 

following several mergers the overall confidence in the models may be eroded to an extent that the 

models cannot be relied upon. 

To address these issues, in Section 5 we propose an approach which uses the difference between the frontier 

defined by most efficient company and the frontier defined by the reasonably efficient company (the upper 

                                                
30  See Ofwat’s opinion on the acquisition of Dee Valley by Severn Trent. 
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quartile) to separate the statistical error from measures of inefficiency and provide a quantifiable measure of 

customer detriment.  

4.4 Loss of number of observations and sample size 

Other economic regulators are able to fulfil their duties despite having fewer comparators than Ofwat has in 

the water sector. In energy, there are only six large energy companies. This raises the question of whether 

Ofwat requires so many comparators to serve as observations in its models.  

It is uncontroversial that, in developing regulatory benchmarks, there should be a statistical preference for 

having (up to some computing costs limits) as many relevantly similar comparators as are available.  

Ofwat takes the view that, as Kelly and Maxwell31 note, when developing multiple parameter regressions, like 

Ofwat’s models, where obtaining coefficients that are accurate, not simply statistically significant, more 

observations (with relevant properties) is always better. Since Ofwat uses its models to predict what efficient 

costs should be for different companies, it is crucial not only that the parameters are statistically significant, 

but that they are accurate. When developing econometric models there are a number of reasons why more 

observations may be necessary. Factors that can influence the number of observations needed to develop a 

robust model include, inter alia: 

 Population size – the greater the population that is being modelled, the larger the sample of that 

population will need to be. Yet, in the water industry the population of companies is small and 

therefore it is feasible to simply include the whole population rather than draw a sample of companies. 

 Complexity of system – the more complex is the system that determines costs, the greater the 

number of parameters will be required to explain costs, and in turn the more data will be required to 

estimate those parameters. This may be particular relevant in explaining why models in water require 

more data than in other regulated industries. Wholesale water is a combination of different supply 

chain elements including collection, treatment and distribution and there is the presence of economies 

of scope which mean that changing expenditure in one element can impact the necessary spend in 

another element. Conversely the different supply chain elements in other regulated industries are 

separately regulated and modelled. Moreover, in order to ascertain that more complex functional 

forms do not result in less more accurate models, Ofwat will require more data in order to be able 

to model and test such models. 

 Presence of shocks – the need to suddenly increase or decrease expenditure can result in 

unexplained costs shocks either for individual companies or the sector as a whole. Having more data 

can help smooth out shock and provide more representative results. 

 Identifying outliers – having more data can help identify which data points are truly outliers and to 

introduce measures to correct model results. 

 Measurement error – neither costs nor the different explanatory variable are measured without 

error. Measurement error could occur over time, for example, as accounting approaches change. 

Conversely, it may be that different companies take different approaches to measure different 

characteristics. Having information over a longer period of time, and from several different companies 

will mitigate any impact such measurement error might have on models. 

 Disentangling error/shock from efficiency – a key element in Ofwat’s models is not only 

estimating the parameters that determine costs, but to then separate out how to determine whether 

differences in costs are a result of different levels of efficiency or if they are due to costs shocks and 

measurement error. It is well recognised that formal econometric approaches to identifying the 

efficiency component of the differences in costs is data intensive. Equally, less formal approaches, such 

                                                
31  Kelly, K and Maxwell, S “Sample size for multiple regression: obtaining regression coefficients that are accurate, not 

simply significant”, Psychological Methods, 2003. 
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as the simple UQ used by Ofwat still depend of having sufficient data to enable a confidence decision 

to be made that the UQ is the right line to draw.  

 Robustness testing – in addition to potentially wanting to test more complex function forms Ofwat 

will need data to test the robustness of its models. For example, Ofwat may want to estimate models 

systematically excluding some time periods and or companies to test whether the models are 

particularly sensitive to the inclusion or exclusion of certain data. To be able to achieve that sufficient 

data are require to develop models on subsets of the data available. 

While there may be many arguments to have more data, there is no assumption that more data will always 

improve models, or less data always harm them, if the additional data is of comparators that are not relevantly 

similar.32 A merger could result in more accurate models if it removes a current outlier: that is if it creates a 

company that is more similar to other companies and so there is less discrepancy between the remaining 

companies. It is also important to recognise that if two firms merge, we do not simply reduce the number of 

observations by one. Rather, what we do is to remove two observations and add one. If the one added 

observation is a sufficiently superior comparator, for other firms, to the two deleted observations, our 

models can get better. Conversely if the newly created company is dissimilar to the other water companies 

then its information will be of less use in modelling their costs, and, crucially, the other companies may not 

be appropriate for modelling the merged company’s costs. A priori one could imagine mergers motivated by 

factors likely to make merged entities more similar to other firms (e.g. if an acquired firm is less profitable 

than the average firm in the sector and the acquiring firm more profitable than the average, that could well 

be the result of each having unusual characteristics that are then averaged out to make the merged entity 

more typical) or by factors making the merged entity more unlike other firms.  

There is also no clear answer to the question of how many observations is enough. Nor how many 

observations Ofwat could afford to lose. There are some general rules of thumb that have been proposed to 

determine what a required sample size might be. Green proposes a rule that “N > 50 + 8xm”, that is there 

should be at least 50 observations plus 8 for every parameter that is to be estimated.33 Ofwat’s refined model 

has at least twelve parameters which suggests that at least 146 observations would be required, which would 

mean 15 companies with ten years of data each. The more complex models, with more parameters, would 

require more data. Moreover, the rule of thumb is not designed for panel data which may not be independent. 

Nor is it designed to determine efficiency, and this added step suggests that more information may be 

necessary – and crucially that cannot be achieved by extending the time period of data, but relies on have 

information from independent comparators.  

Cubbin & Potonias34 examined how many data points are required for data envelopment analysis (DEA) and 

compared that to regression models such as those used by Ofwat. While they find that regression typical 

performs better that DEA, both approaches provide more accurate results with more data. In their stylised 

example they found that regression models required around 100 observations to be 95% accurate. Put 

differently, with only 100 observations, there is a 1 in 20 chance that a model meaningfully over- or under-

estimates costs for a company. However, the underlying cost drivers they use are relatively simple, and they 

do not rely on panel data. Therefore, their analysis is likely to underestimate the number of observations that 

might be required in Ofwat’s models. 

Thus, the loss of a company through a merger may lead to less reliable models but it is possible that, in some 

circumstances, more accurate models will be developed if the remaining companies become more similar. 

The analysis from Cubbin and Potonise, along with the general rules of thumb, suggest that the limit is close 

to being reached on the number of comparative wastewater companies that are required to develop reliable 

                                                
32  That is, after all, why care is taken in selecting relevant comparators and restricting comparator sets to relevantly 

similar firms rather than including vast numbers of firms from many other sectors, countries or time periods. 
33  Green, S. B. (1991). How many subjects does it take to do a regression analysis? Multivariate Behavioral Research, 

26. 
34  Cubbin, J and Potonias, L, “How many observations? The accuracy of Data Envelopment Analysis”, working paper. 
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models. This may go some way to explaining why Ofwat struggled to develop a combed totex model for 

wastewater at PR14.  

4.5 Summary 

In this section we have found several issues for consideration. These relate to: 

 Simulating the “before” and “after” situation: The “before” and “after” scenarios show inconsistencies in 

the approach used: In 2015 the models were not re-estimated to reflect the reduction of 18 to 17 water 

companies. However, in 2016 models were re-estimated to reflect the 2015 merger. 

 The Static Approach: this does not properly account for how the new simulated merging entity fits in 

relation to the rest of the sample. In addition, we have shown special circumstances where the simulated 

entity may have important effects on the models (merged entities with “influence” will affect the models 

when these are re-estimated). 

 The General Approach calculates the impact of a reduction in the sample on the standard error. 

However, this is done assessing the “generic” impact of a reduction in the number of data points. We 

have shown that in some situations fewer data points can lead to opposite results: a reduction or an 

increase in the standard errors of the parameters. 

 The model specification used: The CMA considered that there were some shortcomings in the model 

specifications used by Ofwat. We have explained the different issues related to the dependent variable 

and explanatory variables used. 

 Loss of number of observations and sample size: We do not believe that the loss of observations 

necessarily affects the precision of estimates. Ofwat models are estimated on the total population of 

firms: it could be that reducing the population size increase the precision (in terms of the standard 

deviation of the coefficients). However, we have noted the importance of observations in explaining 

certain dimensions of the dataset (this may be particularly important given the long supply chain for 

wholesale water or for firms with special characteristics such as small size or for those operating in rural 

or urban areas). 
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5 Proposed Solutions 

In the previous Section 4 we have seen a range of problems related to the different criteria envisaged for 

assessing the impacts of the merger. The purpose of this Section is to present some suggested solutions for 

the assessment of mergers. This includes the approach for simulating the data for the merged entity, the 

approach for simulating the “after”-merger situation and solutions to the CMA challenges to the econometric 

models.  

Before doing so, we propose a new definition for what should be considered a “precise” model. That 

definition will help conceptualise some idealised features models could have and view the implications of 

departures from that ideal, when looking at general cases. This analysis will be used for proposing a definition 

of loss of precision.  

 This section starts with a definition of an ideal “precise” benchmark (we call it PBM). This is an artificially 

created situation which is helpful to establish the type of characteristics we will require to define the 

degree of models’ “precision”.  

 The PBM is used to understand the implications of a merger under this idealised situation. It is helpful to 

assess in which circumstances some benchmarks are more important than others, and whether one can 

establish that benchmarking can be done with a smaller number of comparators. 

 Based on the previous findings, we propose a definition of how “loss of precision” can be quantified. A 

simulated example is shown restricted to the PBM case and for an un-restricted simulated sample. 

 We present an “imputation” approach for simulating the merging entity which corrects for the problems 

identified in relation to the Static Approach. 

 We explain how this can be used for simulating an “after”-merger scenario and solve the issues identified 

in Section 4.1. 

 The last subsection proposes ways to correct for some of the criticisms and challenges identified by the 

CMA which were shown in Section 4.5. 

5.1 An ideal “precise” benchmark 

Although different approaches have attempted to quantify a change in the precision of estimates, we have 

not found a clear definition of how “precision” should be understood. The different approaches link that 

concept to an idea of “confidence in the models”, “models’ prediction error”, “variation in the data used”, 

“confidence intervals” or “uncertainty around the estimates”. That is why the measurement of precision has 

been related to the variance around the estimates, though this has been done using various approaches. In 

some instances, there is even disagreement regarding the metric that should be used for measuring precision: 

totex or the UQ.  

There is also disagreement on how a loss in precision can translate into consumer detriment. The CMA 

stated that estimates on loss of precision should not be interpreted as a direct estimate of the adverse impacts 

on customers but as increased uncertainty around the estimates derived from models (i.e. estimated costs 

could be either higher or lower following a merger). That is because the loss of precision may result in 

estimated of costs which are imprecise and high, or imprecise and low.  

For the purpose of the analysis here, we propose a definition of “precision” to be used as part of Criterion 

4. Before doing that, we identify what should constitute the extremes of such definition, by proposing an 

example of an idealised “precise” benchmark.  
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Definition 1: a precise benchmark (PBM) is one in which the efficiency frontiers estimated under COLS and 

MOLS are equivalent.  

A PBM is an ideal situation and as such has very specific and unusual characteristics. It has been constructed 

artificially so that the efficiency frontier includes the most efficient firms (these firms are, in turn, those 

characterising the frontier, Figure 5.1). Although this situation is unlikely to occur in any actual Ofwat model, 

it will be useful to help us understand the implications of different mergers and also analyse how these 

implications may change with small departures from an ideal PBM. 

Figure 5.1: COLS and MOLS equivalence  

  

Characteristics 

A PBM has a number of important characteristics. 

 Characteristic 1: in a PBM, a MOLS-efficient frontier is estimated without error. 

 Characteristic 2: in a PBM, the firms on the frontier are efficient (residuals are zero). The residuals of 

the firms outside the frontier are all positive and reflect only inefficiency (i.e. there are no errors).  

 Characteristic 3: the sensitivity of the frontier of a PBM is different when different observations are 

deleted.  

o The UQ of a PBM is robust to the deletion of inefficient firms. 

o The UQ of a PBM is sensitive (in general) to the deletion of efficient firms. 

Characteristic 1 is not surprising and is a consequence of the equivalence between COLS and MOLS. It is 

also intuitively appealing because it reflects a situation in which the researcher will have confidence in the 

estimated frontier because it is clearly delimited by several observations.  

Characteristic 2 is a consequence of Characteristic 1: residuals have been estimated without error. Hence, 

they purely reflect inefficiency.  

Finally, Characteristic 3 is a consequence of the impact that deleting observations has on the upper quartile. 

As seen in Section 3, the removal of inefficient firms changes the MOLS frontier by shifting it downwards. 

Given the equivalence between COLS and MOLS, the MOLS frontier corresponds to the firm with the 

minimum efficiency score in a PBM, therefore the frontier will not change as a result of removing inefficient 

firms. We have also seen that removing efficient firms changes the MOLS frontier and will move it upwards. 
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There are, however, special cases where efficient firms may not change the UQ if, for example, there are 

many firms at the frontier. 

The implications of the Static Approach to the assessment of mergers can be seen in Figure 5.2 (for different 

simulated mergers):  

 For the inefficiency case, we show how the efficiency frontier under a Static approach does not change 

by considering the following mergers consecutively: [No merger], [l m], [l m n], [l m n o], [l m n o p], for 

MOLS, MOLS (1), … MOLS (4) (Figure 5.2, top).  

 Merging efficient firms shifts the efficiency frontier upwards (although this happens only after the second 

merger because the quartile does not change from six to five firms on the frontier). Our example 

illustrates the following mergers of efficient firms consecutively: [No merger], [a b], [a b c], [a b c h], [a 

b c h j], for MOLS, MOLS (1), … MOLS (4), (Figure 5.2, bottom). 
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Figure 5.2: Sensitivity of PBM frontiers to the removal of observations 

  

 

5.2 Merger implications under a PBM 

The ITT posed a number of questions which become straightforward under a PBM (questions are provided 

in the Annex). If the Static Approach is used for assessing the impact on benchmarks, the following can be 

said: 

 We can assess whether there are some benchmarks more important than others (Q6) by simply recalling 

Characteristic 3. The frontier will remain robust if inefficient firms are merged, but the frontier will (in 
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general) change if the merger includes efficient firms.35 Hence, the efficient firms on the frontier are the 

only important benchmarks for the assessment of impacts (under a PBM). 

 As a consequence, the assessment of the impacts of benchmarks can be done with a smaller number of 

comparators (Q1). This works as long as mergers take place for selected observations (and in particular, 

do not involve firms at the efficiency frontier). 

 The number of comparators needed can be reduced significantly under the previous two conditions. In 

our example, the minimum number of benchmarks required is five (Q5). However, as the sample reduces 

it may be possible to undertake benchmark analysis with a significant reduction of firms (in the extreme 

case, there could be only two efficient firms delimiting the efficient frontier). 

The implications of the analysis (and answers to the questions) have required a strong assumption: namely, 

that the sample resembles a PBM and the assessment uses a Static Approach. It goes without saying that the 

further the sample is from a PBM the less likely it is that questions Q6, Q1 and Q5 can be answered 

affirmatively. Furthermore, there will be different conclusions if other approaches (different from a Static 

Approach) are used. 

Hence, in general it can be said that the assessment of merger impacts on benchmarks cannot be done using 

a reduced number of comparators unless in very exceptional circumstances (PBM and Static Approach being 

used). 

5.3 Proposed definition of loss of precision 

The implications of using a PBM are helpful in understanding the desirable properties of benchmarking 

approaches. In the context of a Static Approach we can provide a definition for quantification of the loss of 

precision under a PBM.  

Definition 2: loss of precision will be defined as: 

 0, if the removal of an observation does not change the benchmark. 

 The change in the sum of efficiency scores, if removing an observation changes the benchmark. 

Accordingly, there will be no loss of precision if inefficient observations are removed from the sample. This is 

because the UQ benchmark will not be affected. On the contrary, in general there will be a loss of precision 

when efficient firms are removed as a result of a merger. This is because the UQ target will be shifted.36  

 Implication 1: Loss of precision can be defined as any positive difference in the sum of the errors across 

the industry before and after the merger (a gain in precision will be a result of any negative differences).37 

 Implication 2: Consumer detriment can be defined as higher prices in the control period resulting from 

the reduction in efficiency challenges (efficiency requirements) across the industry (consumer gains will 

occur when the sum of efficiency challenges increase as a result of the merger).38 

In a PBM there should be no changes in the industry’s efficiency challenges (effects on consumers) or in the 

sum of errors (precision) when removing inefficient observations. This can be shown in Table 5.1 for 

                                                
35  This is the result expected in the general case, although in the example provided the change happens only after the 

second merger simulated.  
36  In general (in the example provided the shift happens after the second merger). 
37  Firms at the efficiency frontier to be allocated an efficiency score and error of zero. 
38  The approach here does not take into account totex sharing factors across companies. These could be relevant for 

analysing consumer impact. 
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inefficient firms. Under a Static Approach, the removal of inefficient firms does not change the frontier and 

the sum of errors should be zero.39 

However, the impacts are different for efficient firms. The industry efficiency challenge (sum of individual 

challenges) and precision (sum of individual errors) would change when observations from the frontier are 

merged (see Table 5.1 for the merger after two efficient firms). The industry’s efficiency challenge reduces, 

implying consumer detriment, and models become less precise (the sum of errors increases) with the 

occurrence of successive mergers. A significant deterioration in precision takes place only after three 

mergers, because of the number of efficient firms at the frontier.40 

Table 5.1: Industry impacts: detriment and precision (PBM) 

Merger of inefficient firms Merger of efficient firms 

 

Industry Efficiency 

Challenge 

Loss of 

Precision  

Industry Efficiency 

Challenge 

Loss of 

Precision 

[No merger] 334.25 - [No merger] 334.25 4.03 

[l m] 334.28 -  [a b] 333.92 2.22 

[l m n] 334.32 - [a b c] 231.54 151.18 

[l m n o] 334.36 - [a b c h] 127.60 302.46 

[l m n o p] 334.40 - [a b c h j] 122.44 310.31 
Note: “-” indicates negligible figure. Although the precision values for inefficient firms are expected to be zero, the empirical est imations obtained 

showed sum of errors of around 4 for the different mergers of inefficient firms. This is because in the simulated PBM sample not all efficient 

observations lie exactly on the frontier line.  

5.4 Extension to the general case 

We now consider how the findings and implications resulting from our PBM definitions can be extended to 

more general cases (i.e. situations where data does not resemble a PBM).  

In order to do that, we recall our example from Section 2, which we replicate for a simulated merger of five 

firms: for the inefficiency case (consecutive mergers of [g h c a k]) and for the efficiency case ([o l m e n]). 

This is shown in Figure 5.3, where MOLS, MOLS (1), … MOLS (4) represent the situation of consecutive 

mergers.  

                                                
39  In the example we obtained non-zero but small figures. This is because in the simulated PBM not all efficient 

observations lie exactly on the frontier line. 
40  Because all firms are equally efficient, the order of successive mergers does not affect the results. Empirically, 

estimates may show some disparities if all efficient observations do not lie exactly on the frontier line. 
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Figure 5.3: Sensitivity of frontiers to removing observations (simulated sample) 

   
 

 
 

In our example, the efficiency challenges are calculated as the distance between the observations and the 

MOLS frontier. The remaining differences between the observation and the COLS are the estimated errors. 

This is shown in Table 5.2. It is worth noting that in our simulated sample there is an increase in the industry 

efficiency challenge (beneficial to consumers) with inefficient firms merging, whereas the industry efficiency 

challenge reduces (detrimental to consumers) with mergers of efficient firms. Precision in both merger cases 

reduces as a result of the mergers. 
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Table 5.2: Industry impacts: detriment and precision (simulated sample) 

Merger of inefficient firms Merger of efficient firms 
 

Industry Efficiency 

Challenge 

Precision  Industry Efficiency 

Challenge 

Precision 

[No merger] 179.2 208.17 [No merger] 179.2 208.17 

[g h] 193.29 190.48 [o l] 163.33 229.83 

[g h c] 207.37 172.79 [o l m] 145.29 185.22 

[g h c a] 221.46 155.09 [o l m e] 128.64 190.53 

[g h c a k] 235.55 137.4 [o l m e n] 116.94 181.66 

 

5.5 Imputation approach for simulating the merging entity 

Under a Static Approach the calculations use simple sums of merging firms (represented as 𝐴 and 𝐵) for both 

actual and predicted costs as well as cost drivers (i.e. 𝑦, �̂� and 𝐱): 

𝑦𝐴+𝐵 = 𝑦𝐴 + 𝑦𝐵 

𝐱𝐴+𝐵 = 𝐱𝐴 + 𝐱𝐵 

�̂�𝑂𝐿𝑆𝐴+𝐵
= �̂�𝑂𝐿𝑆𝐴

+ �̂�𝑂𝐿𝑆𝐵
 

The use of the sum of cost drivers might initially seem uncontroversial: the new entity would need to 

incorporate the input costs of the two merging entities (e.g. mains, treatment plants…), so an aggregate 

metric (or weighted average, where variables reflect a ratio) might seem the obvious way to address this 

issue. 

However, the same approach should not be used for the predicted costs after the merger, for the reasons we 

have explained above — namely that because in Ofwat’s models “efficiency” is defined relative to costs that 

embody economies of scale, summing costs in this way assumes that larger entities are more inefficient. Since 

the thought experiment underlying the merger assessment can be seen as reflecting the question “What costs 

would firms have had at the last review had the merger already taken place?”, it would seem to be a mistake 

to assume that a merged entity would be automatically less efficient than the merging firms. 

We suggest that a better approach would be to simulate a new entity that would, under Ofwat’s previous 

models, have had the same efficiency challenge as the combination of the margining entities. We note that 

such an approach (unlike the simple sum of costs) would be consistent with Ofwat’s stated intention of 

considering the impacts of the merger, setting aside any assumed changes in efficiency.41 The efficiency (or 

inefficiency) margin could be calculated as the sum of the MOLS efficiency challenge the individual firms had 

before the merger. We call this approach the “imputation” of the costs for the new merging entity. 

This is illustrated in Figure 5.4. The estimated MOLS efficiency frontier (�̂�𝑀𝑂𝐿𝑆) and imputed values for 

merging firms are shown in yellow and red respectively (with corresponding labels), for [g h] and [o l]. 

 In case of inefficient firms merging, the imputed value is above the efficient level. The difference between 

the two reflects the sum of the firms’ inefficiencies before the merger.  

 In case of efficient firms merging, the imputed value is below the efficient level. The difference reflects 

the sum of firm’s efficiencies before the merger.  

 

                                                
41  See Section 3. 
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Figure 5.4: Imputation approach: inefficient and efficient firms 

 

 

 

5.6 Approach for simulating an “after”-merger situation 

In the case of a sequence of mergers that occur within the same price control period, one of our main 

criticisms of the approach currently being used is that the “after” scenario is not a true reflection of the new 

post-merger situation: in any future merger, the pre-merger situation will be established after re-estimation 

of the models to account for the impact of the first merger, so the “after” merger should use re-estimated 

scores. Some examples of how re-estimation might affect models are shown in Figure 5.5.  
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 After a merger between inefficient firms, the new efficiency frontier, MOLS(ir) results in a steeper slope 

(and different constant). This will increase the efficiency challenge for small firms (or firms with low values 

in cost drivers) whilst it increases the allowed costs for large firms. 

 After a merger between efficient firms, the new MOLS(ir) is flatter. In turn, this will increase the efficiency 

challenge for firms with high values for cost drivers and reduce the frontier costs for smaller firms. 

Figure 5.5: Simulation “after”-merger situation: inefficient and efficient firms 
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5.7 Summary 

In this Section, we have suggested a definition of an ideal “precise” benchmark (PBM). This has been helpful 

to understand the influence of deleting inefficient and efficient firms as a result of multiple mergers. The PBM 

is also used to identify the difference between COLS and MOLS (and the conditions where both approaches 

may coincide). 

The PBM helps understanding some merger implications when using the Static Approach. It can identify very 

particular situations where some benchmarks can be regarded as more important than others; whether the 

benchmarks can be estimated with a smaller number of comparators (without changing significantly the 

results); and the conditions under which the number of comparators can be reduced significantly. The 

implications of the analysis are that this may be possible but only under very strong restrictions (namely, 

using a Static Approach on a PBM sample). 

In addition, we have considered the following: 

 New definitions: We have proposed a definition of loss of precision (as the positive difference in the sum 

of the errors across the industry); and consumer detriment (as the reduction in efficiency challenges 

across the industry), and have illustrated the process with a simulated example using a restricted PBM 

sample and for an un-restricted sample. 

 Imputation approach: The imputation approach for simulating the merging entity has also been suggested 

as a way to take into account the industry efficiency frontier (and merging firms’ efficiency scores before 

the merger). The approach assumes that the new merged entity would produce along the industry’s 

efficiency frontier (the MOLS), but at the new scale and imposes some margin to reflect any pre-merger 

firms’ efficiency or inefficiency (this is calculated as the sum of the MOLS efficiency challenge the individual 

firms before the merger). 

 Re-estimation of models: To take into account the interaction of the simulated merged entity with the 

estimated industry efficiency frontier we have proposed using MOLS with both imputation and re-

estimation for assessing the “after”-merger simulated situation. 
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6 A New Approach to Mergers 

The different approaches for estimating the benchmark effect (Static Approach) try to quantify the impact of 

the loss of a comparator on the industry’s benchmark (and subsequently to the efficiency challenges for the 

different companies). 

Our approach for the analysis of mergers proposes re-estimating the models, and calculating residuals, 

inefficiency scores and estimated errors (before and after the merger). This would allow the estimation of 

total industry efficiency gains and changes in the precision of the models as a result of the merger. The 

approach would benefit from simplified econometric models (relying on a focused set of models and with 

fewer variables). These could be enriched to account for special factors (or firms which the model does not 

fit so well).  

In this Section, we explain: 

 Our suggested approach for the assessment of mergers. This follows some easy steps reflecting the need 

to cross-check (and simplify, where possible) the models, the recommended approach for simulating the 

cost variables of the new entity (using “imputation” methods), and defining and calculating the total 

industry challenge and precision (for “before” and “after” situations). 

 A number of additional refinements which may be worth considering on a case by case basis (depending 

on the special circumstances of potential mergers). 

 How merger decisions (“clear”, “not clear” or “investigate further”) could be made following a change 

in the efficiency requirements: this differentiates between situations where the merger may result in 

greater or lesser efficiency challenges for the merging entities or the industry as a whole. 

6.1 Approach 

We would recommend an approach based on the following steps. 

Step 1: Proposing new models  
The approach would benefit from using simplified econometric models (relying on a focused set of models 

and with fewer variables). The new wholesale models should take into account our recommendations from 

Section 5. 

Step 2: Simulating the new merged entity 
A simulated new entity needs to be created to reflect the merger of the firms. We would suggest aggregating 

data for the explanatory variables (weighted averages could be used, where appropriate, in cases where 

variables are proportions or ratios).  

The new cost variable for the merging entity should be constructed using “imputation” methods. This would 

require: (1) Estimating the efficiency frontier pre-merger using MOLS; (2) Calculating a margin as the sum of 

efficiency scores of the merging entities (pre-merger); and (3) Imputing a value for the new merging entity as 

the predicted efficiency score (MOLS) plus the estimated margin. 

Step 3: Definition of “before” and “after” situations 

The “after” situation should re-estimate the models (replacing the merging firms with the imputed value) and 

generate new efficiency scores. The “before” situation should be the status quo prevailing at that moment. If 

any other mergers have been occurred previously, the “before” situation should be simulated using the “after” 

simulation from the last merger. 
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Step 4: Calculating efficiency scores (“before” and “after”) 
New efficiency scores could be calculated “before” and “after”. “Before” scores should be the same as those 

obtained in the price review (if there have been any mergers subsequently, the “before” scores should reflect 

the scores obtained for “after” the merger). Scores for the “after” situation should be obtained after re-

estimation of the models. It is important to note that this exercise should not change efficiency targets for 

the period. Instead, they will be useful as a reflection of how the analysis would change in the next price 

review under the assumption that companies report the same costs and cost-drivers as in the previous 

review. 

The total industry challenge can be estimated by aggregating across the estimated firms’ challenges, for 

“before” and “after” the merger. The consumer detriment from the merger can be calculated as the difference 

in the industry challenge (“before” and “after”).  

We have suggested calculating the precision as the sum of firms’ errors (the sum of the differences between 

COLS-MOLS).42 The loss in precision can be calculated comparing the industry precision “before” and “after” 

the merger.  

6.2 Additional refinements 

There may be some additional refinements that Ofwat could consider in its approach to the assessment of 

mergers. These would take into account: 

 Model specifications; 

 Identification of neighbours; 

 Delimitation of possible changes; 

 Accounting for efficiency gains; 

 Allowing for separate accounting; 

 Allowing for different error terms; 

 Work interface; 

 Cumulative effects of mergers; 

 Pursuing efficiency through mergers. 

Model specifications 

It may be possible that the econometric models yield different results after one or more mergers have taken 

place. This could be in terms of the model fit but also in terms of the statistical significance of the variables 

used. In order to avoid big swings in the estimates, Ofwat may want to consider model specifications which 

are particularly robust to small changes in the underlying data. 

This would imply that “robustness to change in the sample size” could be included as a criterion for model 

selection (together with other measures of goodness-of-fit).43 

Identifying “neighbours” 

In the Section 4 we showed that the consequences of a merger could be very different for different firms. 

We also explained in Section 4.6 that mergers could affect the variation of the independent observations 

used for comparison. Merging entities may be useful in explaining certain dimensions of the dataset, and if 

                                                
42  We have showed that the MOLS approach allows separating efficiency and errors under certain assumptions (the 

difference between the frontier company and the upper-quartile company represents the noise in the estimated 

inefficiency for every other company). However, we have also noted that such correction assumes that the same 

level of noise for all companies. 
43  In some occasions this may come at the expense of other desirable features. Any trade-off between such features 

may need to be carefully considered. 
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some of this variation is lost as a result of the merger, this may result in a loss of accuracy in the estimation 

of certain companies (for example, small firms or firms operating in rural areas). 

Ofwat could use “cluster analysis” to detect situations where merging entities are “neighbours” of other 

observations in the sample (in terms of the size of firms or the type of area they operate in44. This would 

help establish situations where comparators are particularly useful for explaining firms with some particular 

characteristics. The findings of the “cluster analysis” could be used to identify whether some of the merging 

companies are part of a particular cluster in the data. The effect of merging companies could be assessed by 

looking at their influence in the models (i.e. assessing whether there is a change in the fit of the model and if 

this is due to the loss of observations with certain characteristics).  

Delimiting the changes 
If “neighbours” have been identified, some judgement may be required as to whether further action is 

required. On the one hand, mergers could be seen as an external event which requires action to mitigate the 

loss of “neighbours” of the merged entities, since such a loss might make benchmarking the remaining firms 

in that “neighbourhood” less reliable). However, the merger may also lead to efficiencies, derived from scale 

or other synergies). In some cases, allowing the merger to go ahead may also make the industry’s efficiency 

benchmark more challenging. 

The solution to account for these contrary effects may be to find an intermediate position. The merger may 

be allowed if it can be shown that it can encourage efficiency gains across the industry. However, it may take 

time for companies to achieve the new efficiency benchmark. This could be done by changing the efficiency 

frontier progressively to allow time for firms to catch up. 

Allowing for efficiency gains 
A further possible refinement could be to assume some efficiency gains in the new merged entity (noting 

once again that economies of scale do not constitute “efficiency gains” in the sense we use the term in this 

report). In this case the performance of the merged entity would include some cost reductions (reflecting an 

improvement in performance) relative to the efficiency frontier. 

Allowing separate accounting 
Criterion 2 of the Statement of Methods considers the possibility that merged companies keep their reporting 

separately. In this situation, the risk of losing a comparator as a result of the merger could be potentially 

mitigated. 

However, separate reporting is unlikely to result in meaningfully separate firms. Combined entities will have 

the opportunity to allocate common costs across the merged entity in a manner that flatters them in the 

benchmarking exercise. Ofwat recognises this problem in the Statement of Methods when it notes that 

merged companies are likely to result in “not fully independent” data points. 

Allowing for different error terms 
The current MOLS approach implicitly imposes a structure on the error terms — namely that the wedge 

between the COLS and the MOLS is interpreted as noise. That is simple and clear but Ofwat may want to 

consider alternative approaches for the error terms in some cases.  

 To allow for the possibility of outlier correction, one option could be to impose an “allowance” that is 

particularly sensitive to observations which show high inefficiency scores. One example of this might be 

to define the efficiency challenge for a highly inefficient firm using the OLS rather than the MOLS as the 

definition of the target frontier. 

                                                
44  Similarities and their impact on efficiency could change across time. To the extent possible, judgement of the 

likelihood of such changes (and future relevance) would need to be assessed. 
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 Another possibility could be using Stochastic Frontier Analysis which allows residuals to be decomposed 

into technical efficiency and noise (although in this approach distributional assumptions of the errors are 

crucial; Half-normal truncated at zero, Exponential and Gamma distributions have been proposed). 

Work interface 
The assessment of mergers undertaken so far in the sector has been organised in two separate modules. 

One provides estimates of the econometric models using an econometrics package. The other uses a 

spreadsheet to calculate the averages of different models and quartile corrections. Although calculations 

should be the same with an econometric package and a spreadsheet, the way such calculations have been 

organised may influence the way the different approaches have developed.  

In particular, because the quartiles and efficiency scores have been done in a spreadsheet this may have 

deterred re-estimation when such re-estimation might have seemed natural had the work been conducted in 

Stata. 

Moving to an approach which allows different simulations in one or other interfaces may improve the 

flexibility of the tools (and allow a broader vision of the analysis of mergers). 

On the other hand, we recognise that there would be a potential loss both in terms of the availability of staff 

with the relevant skills to manipulate and analyse the data, and in terms of the convenience of creating graphs 

and other user-friendly output. 

Effects of the order in which mergers take place 
The order of consecutive mergers may have implications for the implied efficiency of merging firms. For 

example, the industry efficiency frontier could be different when companies “a”, “b” and “c” are merged, 

depending on the order in which “a”, “b” and “c” combine. From a social planner perspective, some orders 

for mergers taking place might therefore be preferred over other orders. In principle, a merger clearance 

authority might take this into account — e.g. by simulating how subsequent mergers might evolve and their 

impacts. However, we recognise that this would involve a marked departure from current law and practice. 

6.3 Summary 

Our proposed approach for the analysis of mergers rests on four steps: 

 Step 1: Proposing new models: relying on a focused set of models and with fewer variables (use additional 

models to cross-check or to illustrate variation not taken into account). 

 Step 2: Simulating the new merging entity: aggregating data for the explanatory variables and construct a 

new cost variable for the merging entity using “imputation” methods.  

 Step 3: Definition of “before” and “after” situations: The “after” situation should re-estimate the frontier 

to estimate the effect of replacing the observations relating to the individual firms with the estimated 

observation of the merged firm. The “before” situation should be the status quo prevailing at that 

moment. 

 Step 4: Calculating efficiency scores (“before” and “after”): The consumer detriment from the merger 

can be calculated as the difference in the industry challenge (“before” and “after”). The loss in precision 

can be calculated comparing the industry precision “before” and “after” the merger.  

A number of additional refinements have been suggested. These relate to: model specifications; identification 

of neighbours; delimitation of possible changes; accounting for efficiency gains; allowing for separate 

accounting; allowing for different error terms; work interface; cumulative effects of mergers; pursuing 

efficiency through mergers. These may be worth considering on a case by case basis. 
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7 Conclusions and Formal Answers to 

Ofwat’s Questions 

This study has provided an overview of the econometric benchmarking models used by Ofwat for its cost 

assessment exercise. Our findings and recommendations reflect our analysis, our theoretical insights, and a 

simulation exercise that helps identify (and visualize) the main limitations of the current approach.  

At PR14, Ofwat relied on a number of different econometric models to estimate the allowed costs for each 

company. The models include a wide range of cost drivers to account for differences between companies. 

Our simulation provides a simplified representation that allows us to respond to Ofwat’s key questions on 

the assessment of a merger. In order to do that, we simulate data for 19 imaginary firms on totex costs and 

its cost drivers.  

We have also stress-tested some of the features of the current model specifications — especially the choice 

of explanatory variables — and provided evidence of the major drawbacks identified by the CMA in a recent 

assessment of Ofwat’s econometric models. 

7.1 Answer to the questions 

In formal terms, the terms of reference for this study included a number of questions. The answers our study 

has produced are as follows. 

Q1: Five comparators: Can we carry out a cost benchmarking exercise with a radically smaller 

number of independent comparators? (5 comparators?) 

A cost benchmarking exercise could in principle be conducted with a radically smaller number of independent 

comparators. Furthermore, if these comparators were all significantly similar to one another than are the 

current set of firms, it is possible in principle that that fewer-firms-based benchmarking exercise could 

produce more accurate cost and efficiency assessments. 

However, it is a basic principle of econometric benchmarking that models will be better specified, more 

accurate and produce more statistically robust results if they are based on more relevant observations. 

Furthermore, the number of explanatory variables that it is statistically feasible to identify and estimate 

depends upon the number of independent observations in the sample. That means that with a radically smaller 

number of comparators, benchmarking models would be likely to be, by necessity, based upon fewer 

explanatory variables. Even with the current number of firms, Ofwat has faced challenges in specifying its 

current models. 

Q2: Other Improvements: Irrespective of Q1 above, are there any other superior 

benchmarking options that we haven’t explored? 

In Section 6, we have proposed a range of options that could be considered when reviewing Ofwat’s 

benchmarking models. In addition to new model specifications (which may include “robustness to change in 

the sample size” as a selection criterion) we also suggest methods for: identifying “neighbours” (with  “cluster 

analysis” to detect situations where merging entities are “neighbouring” some observations in the sample); 

delimiting the changes of mergers (allowing for some time for companies to adjust to a new post-merger 

efficiency benchmark); allowing for efficiency gains from the mergers (to see how results may change in case 

efficiency improvements materialise); or exploring alternative options for the error terms (using statistics to 

delimit or re-weight the distribution of the residuals). 
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We have described alternative methods for efficiency benchmarking (SFA and DEA). Despite their 

attractiveness, such methods also suffer from some limitations (we have explained the strong assumptions 

needed in SFA and the lack of statistical testing of DEA). Previous assessments have not seen these as relevant 

avenues of research. It may be interesting to explore such alternative methods in order to provide alternative 

estimates and robustness in the results. If this is done, there should be proper consideration and clear 

explanations of the assumptions made.  

We have also suggested exploring ex-ante different potential merger situations to understand if the order in 

which mergers may take place could affect the industry’s efficiency frontier. 

Q3: Approach: Are we benchmarking the right things? 

The approach uses all firms and hence it is appropriate for econometric benchmarking. There may be scope 

to change the weights in the sample to allow some firms to have more (or less) weight in the estimates. A 

suggested analysis of “influence” and “re-weighting” is provided below (as part of Q5). 

Q4: Number: Assuming that we continue our current approach to benchmarking, how many 

independent comparators do we need to still be able to carry out high quality benchmarking? 

In general, a reduction in the number of comparators will impair the ability to carry out high quality 

benchmarking. However, under a Static Approach, there are circumstances where the number of 

comparators could be significantly reduced. This is when the “best performers” (those delimiting the frontier) 

are not changed. Aggregating inefficient firms will not decrease the efficiency requirements for the industry. 

However, when other approaches are used, including if models are re-estimated, even these mergers could 

impact the ability to benchmark.  

Q5: Importance: Are there any particular independent benchmarks that are more important 

to keep than others? 

As explained in section 2, a MOLS approach defines the frontier by shifting the OLS frontier, such that the 

upper quartile of firms lie on or above the frontier. These efficient firms contribute to the constant “shift” 

used in the MOLS. They are also crucial in determining the effects of the merger under the Static Approach 

(which considers only changes in the UQ benchmark without re-estimation). But it would be incorrect to 

view those efficient firms as more “important” than others because the efficiency frontier being estimated by 

OLS is based on all firms in the industry. Hence, all firms have contributed to the estimation of the slopes 

and constant parameters of the model.   

The different proposed methodologies have not undertaken an analysis of “influence” so it is not possible to 

ascertain with detail whether some firms are more “influential” than others in the estimation of the 

parameters. We believe an analysis of influence would be advisable. This would show which observations 

have more impact on the estimation of the parameters (in the sense that their inclusion or removal from the 

sample would significantly change the estimates). Observations may be influential because they are outliers 

(observations with large residuals or “bad” model fits) or because they have high leverage (“leverage” is a 

measure of how far away the independent variable values of an observation are from those of the other 

observations). 

Q6: Separate accounting: To what extent, if at all, can a loss of an independent comparator be 

mitigated by requiring companies to keep separate accounting for the merging entities? 

Criterion 2 of the Statement of Methods considers the possibility that merged companies operate under 

separate licences (keeping their reporting separately). This would retain the firm as an “observation”, but we 

consider it unlikely it should be regarded as an independent observation. In particular, the parent company 

would have the opportunity to manipulate the allocation of common costs in the accounts so as to distort 

and manipulate the benchmarking exercise. 
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Q7: Effects of merger (cumulative and consumer detriment): In the Pennon / Bournemouth 

and Severn Trent / Dee Valley Water acquisitions we have considered the impact of the 

transactions on the loss of precision of benchmarking of each transaction. We have not 

addressed the two following questions: 

 How do we measure the cumulative effect of mergers? 

 How can loss of precision be translated into consumer detriment? 

In Section 6 we set out our new approach to mergers, in particular considering how mergers and their effects 

should be assessed when more than one merger occurs within a price control period. 

In Section 5, we proposed a definition of “consumer detriment” and “loss of precision”. These could be used 

to assess the impacts of mergers.45 

Q8: Data aggregation: We currently assess the impact of a merger by aggregating the data of 

the merging parties and re-estimating the models. Is this the right approach? 

We have proposed different methods for simulating the new merged entity (to reflect the merger of the 

firms).  

 For explanatory variables, we would suggest aggregating data for the explanatory variables (weighted 

averages could be used, where appropriate, in cases where variables are proportions or ratios).  

 The new cost variable should be constructed using “imputation” methods. This would require (1) 

Estimating the efficiency frontier pre-merger using MOLS. (2) Calculate a margin as the sum of efficiency 

challenges of the merging entities (pre-merger). (3) Impute a value for the new merging entity as the 

predicted efficiency score (MOLS) plus the estimated margin. 

Q9: Future prediction: We are currently stress-testing our merger assessment using a number 

of assumptions about changes in future performance based on past changes in performance. 

 Is this approach correct or does it simply reduce any detriment that we are likely to find 

since all companies change rankings to some degree? 

 Is our current ranking approach hiding important absolute differences in efficiency between 

companies? 

The Forward-looking Approach takes into account future changes in water companies’ relative efficiency 

performance rankings (using probabilities estimated from movements in past rankings). This is meant to take 

into account changes in firm’s future performance. However, the approach uses models without re-estimation 

and this may have unexpected effects when models are re-estimated. 

The current MOLS approach uses a correction to the efficiency frontier estimated by COLS. This is done to 

down-weight the influence of the most efficient firm. Hence, by definition, the approach hides large absolute 

differences in efficiencies between the most efficient and the remaining firms. It is not a limitation of the 

model but an imposition to make the frontier less “influenceable” to particular outlying observations. 

7.2 Recommendations 

Against this background, we propose a number of new recommendations. These are for the assessment of 

mergers, suggestions for refining the current models and methodologies and for the analysis of the mergers. 

Assessment of mergers 

For the assessment of mergers, we would recommend a new approach based on four steps:  

                                                
45  Our definition of “consumer detriment” did not account for totex sharing factors, which could also be relevant for 

measuring consumer impacts. 
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 Step 1: Proposing new models: New simplified models should be developed (relying on a focused set 

of models and with fewer variables). The new wholesale models should take into account our 

recommendations from Section 5. 

 Step 2: Simulating the new merging entity: We have proposed different methods for simulating 

the new merged entity (to reflect the merger of the firms). For explanatory variables, we would suggest 

aggregating data for the explanatory variables (weighted averages could be used, where appropriate, in 

cases where variables are proportions or ratios). The new cost variable should be constructed using 

“imputation” methods. This would require (1) Estimating the efficiency frontier pre-merger using MOLS. 

(2) Calculate a margin as the sum of efficiency challenges of the merging entities (pre-merger). (3) Impute 

a value for the new merging entity as the predicted efficiency score (MOLS) plus the estimated margin. 

 Step 3: Definition of “before” and “after” situations: The “after” situation should re-estimate 

new models (replacing the merging firms with the imputed value) and generate new efficiency scores. 

The “before” situation should be the status quo prevailing at that moment. If any other mergers have 

occurred previously, the “before” situation should be simulated using the “after” simulation from the last 

merger. 

 Step 4: Calculating efficiency scores (“before” and “after”): New efficiency scores could be 

calculated “before” and “after”. “Before” scores should be the same as those obtained in the price review 

(if there have been any mergers subsequently, the “before” scores should reflect the scores obtained for 

“after” the merger). Scores for the “after” situation should be obtained after re-estimation of the models. 

The resulting industry challenges and errors can be estimated for “before” and “after” situations 

aggregating across the firms. The consumer impact (detriment or benefit) from the merger can be 

calculated as the change in the industry efficiency challenge. The change in precision (loss or gain) can be 

calculated comparing the sum of industry precision or errors (again comparing pre- and post-merger 

estimates).  

Additional model refinements 

There may be some additional refinements that Ofwat could consider in its approach to the assessment of 

mergers. These take into account: 

 Model specifications: It may be possible that the econometric models yield different results after one 

or more mergers have taken place. In order to avoid big swings in the estimates, Ofwat may want to 

consider model specifications which are particularly robust to small changes in the underlying data. This 

would imply that “robustness to change in the sample size” could be included as a criterion for model 

selection (together with other measures of goodness-of-fit). 

 Identifying “neighbours”: Ofwat could use “cluster analysis” to detect situations where merging 

entities are “neighbouring” some observations in the sample. This would help establish situations where 

comparators are particularly useful for some particular dimensions and regions of the sample (for 

example for small companies). This would be in line with Criteria 5 and 6 of the Statement of Methods. 

 Delimiting the changes: If “neighbours” have been identified, some judgement will be needed as to 

whether further action is required. One possibility would be to allow some time for companies to achieve 

the new efficiency benchmark.  

 Allowing for efficiency gains: One possible refinement to the approach could be to assume some 

efficiency gains in the new merged entity. If re-estimation takes place as part of the assessment it may we 

worth seeing how results may change to different efficiency-improvements assumptions as these may 

have important effect on the consumer benefits. 

 Allowing separate accounting: Criterion 2 of the Statement of Methods considers the possibility that 

merged companies operate under separate licences (keeping their reporting separately). Although this 

situation would mitigate the risk of losing a comparator we have argued that this may not be entirely 

representative of efficient firms. This is because of differences in allocation of common costs across the 
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merged firms and also because the resulting entity may have characteristics which make it difficult to 

compare to pre-merger entities. 

 Allowing for different error terms: The current MOLS approach implicitly imposes a structure on 

the error terms (due to noise). The current approach is simple and clear but Ofwat may want to consider 

alternative approaches for the error terms. This could be done by using statistics to delimit or re-weight 

the distribution of the residuals. 

 Work interface: It would be advisable to move to an approach which allows different simulations in a 

statistic-package interface, as this may improve the flexibility of the tools (and allow a broader vision of 

the analysis of mergers, including the possibility of quick re-estimations). 

 Effects of the order in which mergers take place: Ofwat may want to analyse the effects of future 

mergers by simulating the impacts of different merger options. 
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8 Annex 

This annex contains: 

 The questions for analysis (from the Terms of Reference); 

 The simulated data used in our analyses; 

 The model specifications used for wholesale water; 

 Analysis of the implications of CMA challenges for Ofwat cost benchmarking. 

8.1 Questions for analysis (from the Terms of Reference) 

Q1. Are there benchmarking options in the water industry that would allow us to carry out a cost benchmarking 

exercise of the same or better quality with a radically smaller number of independent comparators? In particular, 

can we follow the energy example and carry out robust benchmarking with only five independent comparators? 

Q2. Irrespective of Q1, are there any other superior benchmarking options that we     haven’t explored? 

Q3.  Are we benchmarking the right things? 

Q4.  Assuming that we continue our current approach to benchmarking, how many independent comparators do we 

need to still be able to carry out high quality benchmarking? 

Q5. Are there any particular independent benchmarks that are more important to keep than others? 

Q6.  To what extent, if at all, can a loss of an independent comparator be mitigated by requiring companies to keep 

separate accounting for the merging entities? 

Q7. In the Pennon/Bournemouth and Severn Trent/Dee Valley Water acquisitions we have considered the impact of 

the transactions on the loss of precision of benchmarking of each transaction. We have not addressed the two 

following questions: 

a) How do we measure the cumulative effect of mergers? 

b) How can loss of precision be translated into consumer detriment? 

Q8.  We currently assess the impact of a merger by aggregating the data of the merging parties and re-estimating the 

models. Is this the right approach? 

Q9. We are currently stress-testing our merger assessment using a number of assumptions about changes in future 

performance based on past changes in performance. 

a) Is this approach correct or does it simply reduce any detriment that we are likely to find since all companies 

change rankings to some degree? 

b) Is our current ranking approach hiding important absolute differences in efficiency between companies? 

 


