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Methodology Information Paper 14:
Econometric models

Introduction

In this information paper we review both the Ofwat econometric models and
the revised models which include information from Scottish Water.

The paper begins by outlining how the Ofwat models were developed and
their relevance to cost efficiency. It goes on to discuss how we developed
the revised models, which are specific to Scottish Water. We explain each
model in detail, comparing the original Ofwat models and our revised
versions. We conclude by explaining our proposed approach at the
Strategic Review of Charges 2010-14.

Development of Ofwat’s econometric models

The econometric models that are used by Ofwat were originally developed
by Ofwat and Professor Mark Stewart of the University of Warwick in the
early 1990s. They were used by Ofwat at its 1994 price review. They were
then reviewed in the late 1990s, again with input from Professor Mark
Stewart, and revised models were used by Ofwat at its 1999 and 2004 price
reviews.

We used these models to assess the efficiency of the Scottish water
industry in both our 2001 and 2005 price reviews. We have continued to
use the Ofwat models to monitor Scottish Water's progress towards
achieving its efficiency targets and we publish the results of this analysis in
our annual ‘Costs and performance report’.

The Ofwat models are also used to monitor the relative efficiency of the
companies south of the border on an annual basis. Ofwat publishes the
results of this analysis in its annual report ‘Water and sewerage service unit
costs and relative efficiency’. This annual performance assessment
influences the share prices of those water companies whose shares are
quoted on the London Stock Exchange.

The purpose of each model is to establish a relationship between the costs
reported by the companies and external cost drivers. These cost drivers
have a significant impact on costs but are outside the control of the
management of the company. By controlling the principal external cost
drivers in the models, we can determine relative efficiency with a high
degree of accuracy. The cost drivers and explanatory factors used to derive
the current suite of models relate to the financial year 2004-05.

The models take different forms and are summarised in Table 1.
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Table 1: Summary of econometric models and explanatory factors'

Model Model type Explanatory factors
Water resources and treatment Linear model for unit | Population, number of sources, distribution input,
cost proportion of supplies from rivers®.

Water distribution Log unit cost Population, proportion of total mains length with
diameter > 300mm.

Water power Log linear Distribution input, average pumping head.

Water business activities Log linear Number of billed properties.

Sewer network Log linear Sewer length, area, resident population, holiday
population.

Large sewage treatment works Log linear Total load, use of activated sludge treatment, tight
effluent consent for both suspended solids and
BODs.?

Small sewage treatment works Unit cost Works size, works type, load.

Sludge treatment and disposal Unit cost Weights of dry solids, disposal route.

Sewerage business activities Unit cost Number of billed properties.

Our revision of the Ofwat models

Use of Scottish Water information

The information from Scottish Water that we used to revise the models
relates to the financial year 2004-05. Ofwat also used information from the
companies in 2004-05 in developing its models. We have made every effort
to ensure that we collect information on the same basis. The companies
provide the required information in their annual regulatory returns to Ofwat.
Scottish Water provided the necessary information to us in its 2005 June
Return.

Scottish Water has made good progress in improving the asset and
customer information that we use in the modelling. Some issues remain
relating to, for example, the information that is provided about how much
water is put into the distribution system and the amount of pumping
necessary. However we consider that these issues are not material to our
assessment of the scope for efficiency.

Removal of PPP

We have excluded information about the costs, number and type of
customers served and asset bases of Scottish Water's PPP contracts®. This

' Ofwat has indicated that it expects to have new models for water resources and treatment
and sewage sludge treatment and disposal for its 2009 price review (‘New approaches to
expendlture and incentives: a discussion paper’, Ofwat, May 2007).
Ofwat replaced this with the proportion of supplies from boreholes in its 2005-06 model.
The term BODs in this and other tables refers to the five-day biochemical oxygen demand.
* Public private partnerships (PPPs) deliver a significant proportion of sewerage services in
Scotland. See Methodology Information Paper 9.
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is because we recognise that Scottish Water cannot control the operating
costs at PPP works.

Water service model

Water resources and treatment

This model predicts the costs associated with water resources, the
treatment process and the operating environment. Specifically, it takes into
account economies of scale at water source level and the extra costs of
treatment resulting from the proportion of supplies that are taken from
rivers. Costs per head are modelled rather than volumetric unit costs. This
is to avoid rewarding high leakage or penalising companies that have
minimised demand.

Table 2 sets out the statistical details of the model developed by Ofwat
using information from the English and Welsh companies and our revised
model developed using information from England and Wales and additional
information from Scottish Water. We set out the details of each of the
models in the same way.

Table 2: Original Ofwat model and our revised model for water resources
and treatment operating expenditure

Water resources and treatment

Water Industry Commission for
Ofwat model Scotland (WICS) model
Data June Returns 2005/Ofwat Annual Return 2004-05
Resources and treatment functional expenditure [£m], less power expenditure [£m],
less Environment Agency/Scottish Environment Protection Agency charges [£m],
Modelled cost divided by resident winter population [millions]
- Standard -
Explanatory variables: Coefficient error Coefficient Standard error
Constant 2.069 2.142 2.046 2.077
Number of sources divided by
distribution input [MI/day] 18.481 7.278 18.468 7.095
Proportion of supplies derived
from rivers 4.128 2.734 4.170 2.637
R squared 0.256 0.256
Standard error 2.297 2.239
Statistical Model
indicators | significance
(F test) 0.060 0.052
Observations 22 23

Form of the model (WICS)

Modelled cost = 2.046 + 18.468 x number of sources + 4.170 x (proportion of supply

distribution

input

from rivers)

Water Industry Commission for Scotland




Volume 3 Supporting material: Econometric models

Water distribution

This model uses the ratio of the length of large mains to small mains as the
cost driver (see Table 3). Repairs, maintenance and inspection of large
mains are likely to incur much greater costs than those on small mains. The
model also reflects the higher costs of operating in urban areas, where the
density of underground services and traffic congestion can impair
productivity. The unit costs are again expressed per head of population,
rather than by volume of water. This reduces the potential to penalise
companies with low leakage and/or low demand.

Table 3: Original Ofwat model and our revised model for water distribution

operating expenditure

Water distribution

Ofwat model WICS model
Data June Returns 2005/Ofwat Annual Return 2004-05
In (distribution functional expenditure excluding power expenditure
Modelled cost® [£m], divided by resident winter population [000s])
Explanatory variables: Coefficient Standard error Coefficient Standard error
Constant -5.173 0.143 -5.163 0.136
Length of main greater than 300 mm
diameter [km] divided by total length of main
[km] 5.014 1.807 4.850 1.684
R squared 0.278 0.283
Statistical Standard error 0.200 0.195
indicators | 104l significance (F test) 0.012 0.009
Observations 22 23

Modelled cost = -5.163 + 4.850 x length of main > 300 mm diameter
total length of main

Form of the model (WICS)

Water power

This model is based on the physical relationship between the amount of
water pumped and the energy required (see Table 4). It incorporates both
vertical lift and the energy required to overcome friction in pipes. The model
recognises that economies of scale are available through pump
maintenance and negotiation of electricity tariffs.

® The term In in this and other tables is the natural logarithm.
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Table 4: Original Ofwat model and our revised model for water power
operating expenditure

Water power

Ofwat model WICS model
Data June Returns 2005/Ofwat Annual Return 2004-05
Modelled cost In power expenditure [£m]
Explanatory variables: Coefficient | Standard error Coefficient Standard error
Constant -8.794 0.298 -8.817 0.291
In (distribution input [MI/day] multiplied by
average pumping head [metres]) 0.926 0.028 0.928 0.027
R squared 0.983 0.983
Statistical Standard error 0.169 0.166
indicators Model significance (F test) 0.000 0.000
Observations 22 23

Form of the model (WICS)

Modelled cost = -8.817 + 0.928 x In (distribution input x average

pumping head)

Water business activities

This model relates business activity costs (including customer services,
scientific services and the charge for doubtful debts) to the number of billed
properties (see Table 5). It recognises that there are economies of scale.
Other potential cost drivers, for example the number of complaints, are
within the control of management and so are not considered valid
explanatory factors.

Table 5: Original Ofwat model and our revised model for water business

activities operating expenditure

Water business activities

Ofwat model

WICS model

Data

June Returns 2005/Ofwat

Annual Return 2004-05

In (business activities expenditure [£m] including doubtful debts

Modelled cost [£m])

Explanatory variables: Coefficient | Standard error Coefficient Standard error

Constant -3.728 0.278 -3.775 0.271

In of number of billed properties [000s] 0.927 0.043 0.936 0.041
R squared 0.959 0.960

Statistical Standard error 0.242 0.241

indicators Model significance (F test) 0.000 0.000
Observations 22 23

Form of the model (WICS)

Modelled cost = -3.775 + 0.936 x In (number of billed properties)
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Sewerage service model

Sewer network

This model expresses costs per unit length of sewer. It takes into account
the amount of sewage being transported through the sewerage system (see
Table 6). This is a function of area since this affects surface water drainage
volumes. Costs associated with remoteness are also a function of area.
Sewer network costs are also a function of population since this will impact
on sewage volumes. The model takes account of the higher costs expected
in regions with a significant holiday population.

Table 6: Original Ofwat model and our revised model for sewer network
operating expenditure

Sewer network

Ofwat model

WICS model

Data

June Returns 2005/Ofwat

Annual Return 2004-05

In (sewerage network functional expenditure [£m], less Environment
Agency/Scottish Environment Protection Agency charges [£m], less
British Waterways charges [£m], per kilometre of sewer, for each

Modelled cost area)

Explanatory variables: Coefficient Standard error Coefficient Standard error

Constant -6.244 0.415 -6.489 0.383

In (area sewer district [km?] per kilometre of sewer) 0.206 0.035 0.218 0.034

In (resident population [000s] per kilometre of

sewer) 0.500 0.219 0.352 0.199

Holiday population divided by resident population

[000s] 1.282 0.879 1.328 0.859
R squared 0.452 0.490

Statistical Standard error 0.285 0.283

indicators Model significance (F test) 0.000 0.000
Observations 64 68

Form of the model (WICS)

Modelled cost = - 6.489

+ 0.218 x In (area of sewer district per km of sewer)
+ 0.352 x In (resident population per km of sewer)

+1.328 x holiday population
resident population

Large sewage treatment works

This model

covers sewage treatment works serving a ‘population

equivalent’ of at least 25,000 (see Table 7). Population equivalent is a
measure of the amount of sewage treated, both household and industrial,
expressed in terms of the number of household customers required to
produce a similar strength and volume of sewage. The model takes into
account the sewage load reaching the treatment works; the type of
treatment in place (activated sludge increases power costs); and the quality
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of the discharged effluent required to meet environmental standards. The
model exhibits considerable economies of scale in the treatment of sewage
at the level of individual works.

Table 7: Original Ofwat model and our revised model for large sewage
treatment works operating expenditure

Large sewage treatment works

Ofwat model WICS model

Data June Returns 2005/Ofwat Annual Return 2004-05

In (functional expenditure on sewage treatment at large works [£000s] less
Environment Agency/Scottish Environment Protection Agency charges [£000s]

Modelled cost less terminal pumping costs [£000s])
Explanatory variables: Coefficient Standard error Coefficient Standard error
Constant -1.738 0.259 -1.636 0.255
In of total load® [kg BOD/day] 0.804 0.029 0.794 0.029
Activated sludge’ 0.330 0.056 0.304 0.056
Tight effluent consent for both
suspended solids and BODs® 0.100 0.050 0.081 0.050
R squared 0.714 0.700
Standard error 0.493 0.497
Statistical .
indicators Model significance
(F test) 0.000 0.000
Observations 392 412

Modelled cost = -1.636
+ 0.794 x In (total load)
+ 0.304 x activated sludge

Form of the model (WICS) + 0.081 x tight effluent consent for both suspended solids and BODs

Small sewage treatment works

This model uses average unit costs (see Table 8). This is a necessary
simplification given that there are thousands of small sewage treatment
works. The cost matrix takes into account the size of the works — there are
significant economies of scale — and the type of treatment process.

® Total load in this model is estimated as population equivalent x 120.

7 Activated sludge includes secondary and tertiary treatment (variable value is 0 if not used,
1 if used).

® Tight effluent consent is defined as 30 mg/litre or less for suspended solids and 20
mg/litre or less for BODs (variable value is O if tight consent does not apply, and 1 if the
tight consent does apply).
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Table 8: Original Ofwat model and our revised model for small sewage treatment works operating expenditure

Cost of small sewage treatment works

Data June Returns 2005/Ofwat Annual Return 2004-05

Unit cost model For each treatment type we compared each company’s average annual expenditure (direct costs [£000s], less Environment

Agency/Scottish Environment Protection Agency charges [£000s], less sludge costs [£000s], plus general and support costs
[£000s]) with each company’s estimated expenditure (weighted average industry unit cost multiplied by each company’s load
[kg BODs/day]).

Weighted average industry unit cost £000s/(kg BODs/day) — Ofwat model

Treatment Primary Secondary | Secondary | Tertiary | Tertiary | Tertiary | Tertiary | Sea outfall Sea Sea outfall
type secondary activated biological A1 A2 A1 A2 preliminary outfall unscreened
sludge screened

Size band 1 0.46 0.81 0.95 1.01 0.72 0.88 1.46 0.59 0.05 0.43
Size band 2 0.18 0.65 0.51 0.63 0.26 0.52 0.61 N/A N/A N/A
Size band 3 0.21 0.46 0.29 0.44 0.43 0.35 0.39 0.28 0.06 0.01
Size band 4 0.26 0.22 0.18 0.20 0.27 0.19 0.16 N/A 0.11 0.01
Size band 5 N/A 0.15 0.14 0.16 0.15 0.14 0.12 0.02 N/A N/A

Observations: 500

Weighted average industry unit cost £000s/(kg BODs/day) — WICS model

Treatment Primary Secondary | Secondary | Tertiary | Tertiary | Tertiary | Tertiary | Sea outfall Sea Sea outfall
type secondary activated biological Al A2 Al A2 preliminary outfall unscreened
sludge screened
Size band 0 0.83 4.27 3.18 4.78 2.34 3.26 2.02 N/A N/A 0.11
Size band 1
(Scotland) 0.57 1.76 1.21 1.46 N/A 1.29 0.90 N/A N/A 0.05
Size band 1
(England &
Wales) 0.46 0.81 0.95 1.01 0.72 0.88 1.46 0.59 0.05 0.43
Size band 2 0.19 0.72 0.53 0.64 0.49 0.53 0.60 0.02 N/A 0.05
Size band 3 0.16 0.47 0.30 0.46 0.45 0.36 0.39 0.10 0.06 0.03
Size band 4 0.18 0.22 0.18 0.21 0.27 0.20 0.16 0.02 0.05 0.02
Size band 5 0.05 0.15 0.14 0.16 0.15 0.14 0.12 0.02 N/A N/A

Observations: 560
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Sludge treatment and disposal

This model compares the costs of sludge treatment and disposal to the
volume treated and the possible methods of disposal (see Table 9). The
model uses average unit costs across England and Wales. The unit cost
approach is again a necessary simplification given the large number of
sludge treatment and disposal facilities.

Table 9: Original Ofwat model and our revised model for sludge treatment
and disposal operating expenditure

Cost of sludge treatment and disposal

Data

June Returns 2005 / Ofwat Annual Return 2004-05

Unit cost model

We used a unit cost approach for modelling the treatment and disposal of sludge.

For each disposal route, we compared each company’s average annual expenditure
(sludge functional expenditure [£000s], less Environment Agency/Scottish Environment
Protection Agency charges [£000s]) with each company’s estimated costs (weighted
average industry unit cost multiplied by each company’s load [total tonnes of dry solids]).

Weighted average industry unit cost £000s/(thousand tonnes of dry solids)

Disposal route Ofwat model WICS model
Farmland — untreated 224.0 224.0
Farmland — conventional 176.9 178.6
Farmland — advanced 230.0 2315
Incineration 159.8 162.9
Landfill 131.6 133.7
Composted 150.0 150.0
Land reclamation 187.2 193.5
Other 212.3 2101
Observations 80 88

Sewerage business activities

This model uses an average unit cost per billed property across England
and Wales (see Table 10). There are too few sewerage companies of
sufficiently different size to allow economies of scale to be estimated.
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Table 10: Original Ofwat model and our revised model for sewerage
business activities operating expenditure

Sewerage business activities

Data

Unit cost model We used a unit cost approach for modelling business activities, based on the
number of billed properties.
We compared each company’s average annual business activities expenditure
(total business activities [£m], plus doubtful debts [£m], divided by the number of
billed properties) with the weighted average industry cost.
Weighted average industry unit cost

Ofwat model 12.67

(£ per billed property)

WICS extended model 13.02

(£ per billed property)

Number of observations Ofwat: 10; WICS: 11

Proposed approach 2010-14

For the next price review we propose to continue to use both Ofwat’s
econometric models and our revised versions. Our assessments of Scottish
Water’s relative efficiency would take account of the results of these
models and our alternative model, described in Methodology Information
Paper 15.

In our analysis we would continue to apply appropriate adjustments for
special factors and differences in the scope of activities that apply in

Scotland. We set out our proposed approach to these adjustments in
Methodology Information Paper 16.
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