artesia







Reporttitle: Non-household demand forecasts 2020 to 2100

Projectreference: 2467
Report number AR1395
Date: 20201214
Client: Water Resources South EagSouthern Water
Client lead: Alison Murphy (SES Water)
Faisal Butt (Southern Water)
Collaborators: Affinity Water, Portsmouth Water, SES Water, South
East Water, Southern Water, Thames Water
Projectmanager: Rob Lawson
Technical lead Sarah Rogerson
Contributors: Dene Marshallsay, Francesca Cecinati, Daniele Di

Fiore, Aidan Gibbons, Relt Mayger, Jamie Urwin
Bruce Horton Environmental Policy Consulting

Version | Author(s) Reviewed by: Description Date

1 Dene Marshallsay, Rob Lawson Draft 22/10/2020
Sarah Rogerson,
Francesca Cecinati

2 Dene Marshallsay Kayleigh Powell Finaldraft 27/11/2020

3 Dene Marshallsay Kayleigh Powell, Final 11/12/2020
Francesca Cecinati | Sarah Rogerson

The contents of this document are subject to copyright and all rights are reserved. No part @
document may beeproduced, stored in a retrieval system or transmitted, in any form or by any me
electronic, mechanical, photocopying, recording or otherwise, without the prior written consent of
copyright owner. This document has been produced by Artesia Cangultd.

Any enquiries relating to this report should be referred to the authors at the following address:

Artesia Consulting Ltd, Unit 2 Badminton Court, Yate, Station Road, Bristol, BS37 5HZ.

Telephone: + 44 (0) 1454 320091 Website: www.artesieconaulting.co.uk




Water Resources South EaSouthern Water al’tESIa

Executive summary

Water companies in England and Wales are required to develop a Water Resource
Management Plan (WRMP) under the Water Industry Act 1991 where they set out their plans
to ensure that they will have sufficient resources to meeimand under different climate
conditions over a minimum of 25 years. Forecasting future demand for water is a key part of
the process and consumption by the ntwusehold sector is a major component of demand.
This report describes the initial developmteof the demand forecasts for nehouseholds in

the Water Resources South East (WRSE) region.

We have produced a set of ndrousehold demand forecasts for all 37 water resource zones
in the WRSE region from 2022820 out to 20992100. These are presentedrfmetered and
unmetered properties at company level, water resource zone level anadglisegated by
industrial sector. The approach used follows existing industry best practice, taking into
account the recommendations from a review of nbousehold demad forecasting
methods carried out by WRSE in early 2020. Robust multiple linear models have been
produced for 4 cohorts of industrial sectors for each company in WRSE, using explanatory
factors that include population, gross vakaglded metrics, employmentates, population
density and other factorsThis report provides an overview of the WRSE results and detailed
results forSouthernWater.

The overall conclusion is that ndrousehold demand in th&outhernWater region at the

start of the planning period2025), is predicted to b&l5 Ml/d within an overall range of 71 to
142 Ml/d. Much of the early uncertainty is due to the impact of CEGMIaNnd uncertainty
over the quality of norhousehold consumption data from MOSL. By the end of the planning
period the nonhousehold demand is predicted to be 122 Ml/d (an increase of 7 Ml/d) within a
range of 107 Ml/d to 207 Ml/d.

Southern Water
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We have also made a prediction of the amount of fparblic water supply (noiPWS)
demand in theSouthernWaterregion and how this mighthange over the planning period.
For SouthernWater, the current estimate of nof®WS norhousehold demand 052.6 Ml/d
in 201920 is predicted to increase &4.1Ml/d by 2050.
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The first year of the forecast (2020) has seen an unprecedented change ihausehold
demand due to the policies introduced to combat the COMI® pandemic. This creates
added uncertainty going forward as we still do not fully understand what the endurin
impacts will be from changes in working practices, such as increased working from home. The
sector also faces a number of future unknowns in demand from-mmunseholds, such as
population change, Brexit, climate change and how water efficiency will beted in the
non-household sector. Since the last set of Aeousehold forecasts were completed for
WRMP19, the notousehold retail sector has undergone a transformation with the
introduction of retail competition. We have observed a change in datalifuand
consistency since the change in 2017, which has complicated the modelling and has increased
the uncertainty around the demand forecastBherefore,we have included all these factors

in the scenario and uncertainty modelling.

We have presented thiorecasts from a base year of 2029. The intermediate years 2020

21 through to 20245 are presented for information prior to the start of the planning period
in 202526. These intermediate years are potentially volatile with a number of unknowns
aroundthe impact of the COVIEL9 pandemic and the impact from Brexit on rbousehold
consumption. Therefore we recommend that the baseline and scenario forecasts are
updated prior to the submission of the final water resource management plans.

During the couse of the workwe have identified a number of improvements that could be
implemented for future forecasts. These are included in the recommendations section of the
report and cover: improving data quality, investigating different industrial sectors, ifogpht
modelling WRZ groups by the way they behave as opposed to by company, and producing
forecasts more frequently to reduce the step change transitions between forecasts every 5
years.
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Glossary
Term Description
A classification of This is a socialemographic classification of neighbourhoods
residential published by CACI Ltd. The system is based on the assump
neighbourhoods that people who live in similar neighbourhoods are likely to
(ACORN) have similar behavioural and consummti habits.

Abstraction

The removal of water from any source, either permanently o
temporarily.

Active leakage control
(ALC)

Management policies and processes used to locate and rep
unreported leaks from the water company supply system an
customer spply pipes.

Annual average
demand

The total demand in a year, normally measured as the amou
of treated water entering the distribution system at the point
of production, divided by the number of days in the year.

Annual return

An annual report made t@fwat by water companies to advisg
on progress within that Asset Management Period.

Asset management
period (AMP)

Fiveyear period for which water companies are funded by
Ofwat according to their Business Plans.

Base year

The first year of thelanning period/horizon, forming the basis
for the water demand and supply forecasting of subsequent
years.

Baseline forecast

A demand forecast of customer consumption without any
further water company intervention during the planning
period. A baselineustomer demand forecast should take
account of: customer demand without any further water
efficiency or metering intervention, forecast population
growth, change in household size, changes in property
numbers and the impact of climate change on customers'
behaviour. Leakage in the baseline forecast should remain
static from the start of the plan to the end of the planning
period.

Business plan

Business Plans are produced by the water companies for Of
and set out the investment programme for theater industry.
These plans are drawn up through consultation with the
Environment Agency and other bodies to cover a fjxear
period. Ofwat accept the Business Plan following detailed
scrutiny and review.

Capital expenditure
(Capex)

Spending on capitatquipment. This includes spending on
machinery, equipment and buildings. Capital expenditure is
also termed investment.

Central market
operating system
(CMOS)

This is the computer system that manages all the electronic
transactions involved in switchingistomers and provides
usage and settlement data which is used in the billing proce

Consumption monitor

A sample of properties whose consumption is monitored in
order to provide information on the consumption and
behaviour of households served by thempany.
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Demand management

The implementation of policies or measures which serve to
control or influence the consumption or waste of water (this
definition can be applied at any point along the chain of

supply).

Department for
Environment, Food andg
Rurd Affairs (Defra)

UK Government department with responsibility for water
resources in England.

Deployable output
(DO)

A measure of the available water resource during a drought
year for a given level of service.

Distribution input (DI)

The amount of wate entering the distribution system at the
point of production.

Dry year annual
average (DYAA)

The dry year annual average represents a period of low rain
and unrestricted demand and is used as the basis of a wate
Al i PATUBO 72-08

Dry yearcritical period
(DYCP)

The generic term for the planning scenario which drives
investment, i.e. at what point during the dry year (1 in 10 yea
severity of conditions) is the water supply most at risk of faili
to meet planned levels of service.

Envirorment Agency

UK government agency whose principal aim is to protect an
enhance the environment in England and Wales.

Final planning demand
forecast

I AAT AT A £ OAAAOO xEEAE OA/4
for managing demand and resources through thlanning
period, after taking account of all options through full
economic analysis.

Mega litres per day
(Ml/d)

One mega litre = one million litres (1,000 cubic metres) per ¢

Meter optants

Properties in which a meter is voluntarily installed at the
request of its occupants.

Micro-component
analysis (MCA)

$ AOAEI AA AT AT UOEO | £ EIT AEOE

water use.

Non-households (NHH

Properties receiving potable supplies that are not occupied &
domestic premises, for exampléactories, offices and
commercial premises.

Normal year annual
average (NYAA)

The total demand in a year with normal or average weather
patterns, divided by the number of days in the year.

Operating expenditure
(Opex)

Operating expenditure comprises dag-day (planned and
unplanned) routine expenses, which have no effect on the
decline in service potential.

Optant metering

Customer led metering programme.

Peak demand

The highest demand that occurs, measured, either hourly,
daily, weekly, monthly or yady over a specified period of
observation.

Per capita consumptiorn
(PCC)

The average annual consumption expressed in litres per pet
per day. Per capita consumption in an area is defined as the
sum of measured household consumption and unmeasured
houselold consumption divided by the total household
population.

Per household
consumption (PHC)

The average annual consumption expressed in litres per
householdper day. Pehouseholdconsumption in an area is
defined as the sum of measured household consumption an

Report reference ARL395

© Artesia Consulting Ltd



Water Resources South EaSouthern Water

artesia

unmeasured household consumption divided by the total
number ofhousehold.

Planning period

An agreed look ahead period for which the WRMP is prepar

Social tariff

Tariff where the customer charge takes into account factors
such as household size, medical needs, income levels or if
certain state benefits are claimed.

Statement of response

A document that is produced at the end of the public
consultation period for the chft WRMP. The document
outlines the comments received from customers and the
changes that will be made to the draft WRMP as a result of
these comments.

Supply pipe losses

The sum of underground supply pipe losses and above groy
supply pipe losses.

Target headroom

Headroom is a margin of safety which serves as a buffer
between supply and demand. Target headroom is the
threshold of minimum acceptable headroom which would
trigger the need for water management options to either
increase water available farse or decrease demand.

Underground supply
pipe losses

Losses between the point of delivery and the point of
consumption.

Void property

A property connected to the distribution network but not
charged because it has no occupants.

Wateravailable for use
(WAFU)

Deployable output less any sustainability reductioglus
any bulk supply importg less any bulk supply exporgdess
any reductions made for outage allowance.

Water resource zone
(WRZ)

The largest possible zone in whichr@sources including

external transfers can be shared, and hence the zone in whi
all customers experience the same risk of supply failure fron
resource shortfall.

Water resources
management plan
(WRMP)

I xAOAO AT I PATUGO DI Altden@nd
over a 25year period.

Water resource
planning guictlines
(WRPG)

Guidance produced by the Environment Agerioy developing
water resource plans.
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1 Introduction

1.1 Background

Water companies in England and Wales are required to develoyater Resource
Management PlanM\/RMB under the Water Industry Act 1991 where they set out their plans

to ensure that they will have sufficient resources to meet demand under different climate
conditions over a minimum of 25 years. The plans are updated every 5 years. Forecasting
future demand for water is a key part of the process amhsumptionby the norhousehold

sector is a major component of demand. Robust assessment of future demand is a pre
requisite for developing credible and resilient plariBhis report describes the initial
development of the demand forecastsr non-household in theWater Resources South East
(WRSE)egion (Figurel).

Figure 1 WRSE region showing tle 37 water resource zones

1 Affinity Water

Portsmouth Water

SESWater
South East Water

Southern Water

[ ThamesWater

WRSE Water Resource Zones

WRSE is one of the five regional groups looking to provide strategic oversight and co
ordination of water resources within the context of the new National Water Resources
Framework. The aim of the regional groups is to builésilience to drought and other
pressures in a cosffective way, taking account of regional and intexgional solutions.

WRSEwWiIll be producing a sustainable regional resilience plan later in 2020. This plan will
inform the Water Resource Management Ptaof each member water company within the
WRSE alliance. It will set out the schemes, investments and other actions which companies
and other stakeholders will need to take to deliver our shared objective. It will also link with

1 Meeting our future water needs: a national framework for water resour&&svironment Agency.
2020.
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the other regional plans aoss England to form the national picture for water resources
management.

1.2 Requlatory requirements

The Environment Agency sets out its expectations and guidance forhmusehold demand
forecastsin the Water ResourcéManagement PlanWRMP24 Guidelines WRPG currently

draft)?. Water companies are required forecast the demand for water being used bgn-
household premises (such as businesses and industrial processes) and for the population
living in communal establishments (for instance pdals, prisons and educational
establishments).

Since the last nothousehold demand forecasts were developed, the fimusehold market

has been opened for competitiomhe definition of norhouseholdsshould be in line with

| Ax A0S O Cwhé&herninAdusehold customers in England and Wales are eligible to
switch their retailef . For WRMP24water companies are also expectedwmrk with non
household customers to improve water efficiency where you believe there are savings to be
made.

The broadneeds of the regulators are:

1 A plan that contains an estimated demand forecast for Aauseholds.
1 To work with retailers and through regional groups (where applicable) to share
information, data and expertise to ensure the forecasts aptltions are robust.
A description of how figures and assumptions in the forecast have been derived.
The plan makes use of thdarket Operator Services LtdMOSL) system that stores
retail company data as needed.
1 The plan describes the makeup of rbousehold demand in different sectors either
by using the service and neservice split (identifying the main sectors), or by using
Standard Industrial Classification (SIC) categories published by the Office for
National Statistics.
1 We explain the existing wateefficiency initiatives planned by both the wholesaler
and retailer. The baseline forecast should reflect Amusehold demand without any
further intervention.
The final plan should include any forecast savings from water efficiency programmes
Consideation of nonthousehold water efficiency as an option to manage the supply
demand balance.
9 To consider any uncertainty associated with reducing demand and show how you will
monitor the water efficiency programme and how the plan can be adapted if required
9 That the plan considers the potential demand for other sources such as: agriculture
and those on private water supply in a significant drought.

= =

= =

1.3 Best practicefor developing non-household demand forecasts

There are a series of best practice documents in addition to the regulatouyirements, and
an overview of these is presentedkigure2.

2Water Resource Planning Guideline, draft for consultatioty 2020. Environment Agency.
8 https://www.ofwat.gov.uk/wpcontent/uploads/2016/07/EligibilitGuidance. pdf
4 https://www.ofwat.gov.uk/wpcontent/uploads/2016/03/pap_gud201607suppretaileligibiptyf
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Figure 2 Non-household demand forecasting best practice overview

EA & NRW: Draft Water Resources
Planning Guideline z July 2020

Non-household demand forecasting guidance z best practice
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1.4

WRSErequirements for the non-household demand forecast

1.4.1 Review of methods used in previofsrecasts

Prior to updating the norhouseholddemand forecasts, WRSE commissioned a stuay
reviewthe current methods used by water companies for Anousehold demand forecasts
and compare them to the water resources planning guidance.

This studydeveloped a number foconclusiors and recommendations.The key onesn
relation to the nonhousehold forecasts for regional and WRMP24 planrarey

T

= =

The use of data derived fro@entral Market Operating Systef€MOS; information
from the previous billing systems is increasingly outdated and by 2024 the last year
of nonMOSL consumption data will be 8 years old
Accounting for the potential impacts of water efficiency improvements due to the
retail market, beyond long term trendsre already present within the model
Any influences of the Cowdl9 pandemic orong-term trends in norhousehold
consumptionshould beincluded in the forecasts
All WRMP stakeholders need to recognise that the quality of CMOS data is an issue
for non-household demand forecasting.
There is a general risk associated with models degvetbfrom poor quality data
producing inaccurate or misleading outputs. This is exacerbated when there are
changes in data quality over time as the models may reflect changes in data quality,
rather than trends in the underlying data.
The following set ofridustry groupings would form a reasonable stratification that
balances data limitations with separating out those industries likely to have different
underlying drivers for nofhousehold consumption:

0 Agriculture (and other weather dependent industries)

0 Non-service industries (excluding Agriculture)

0 Service industrieg population driven

0 Service industrieg economy driven

o Unclassified
An alternative stratification could be used if this is shown to provide a better model.
Due to COVIEL9 and an unusually hepring/summer,tiis clear that reporting year
202021 will be unusual in terms of both the maeroonomic climate and non
household consumption. The important aspects to consider for -hoasehold
demand forecasting to support WRMPs and regional planrang any longterm
impacts of the current recession and the growth trajectory thereafter.
Climate change scenarios need to be included for Agriculture and any other
industries where weather is shown to be a significant explanatory factor for
consumption, o identify their impact on consumption.
The national framework report also considers a low demand scenario with a 4%
reduction in norhousehold consumption by 2050 compared to the base case. In the
absence of further evidence, this would represent a readb& assumption for a
water efficiency scenario driven by Government policy to reduce water demand.

5 https://www.wrse.org.uk/media/hlnhiuyg/wrse_file_1345 warsen-householddemandforecast
methodology.pdf
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1 WRSE member companies should in general adopt a standard set of scenarios and
assumptions regarding economic growth, except where there are specific isswes
particular area of supply that need to be accounted for.

T WRSE member companies should use the information within thi€ Climate
Projections (UKCP18 datasets to develop scenarios of climate change for
incorporation where weather is shown to be a sfgrant influence on consumption.

1 WRSE member companies should identify whether there are any major customers
that should be treated separately because they have a significant impact on the
supplydemand balance for ®&ater Resource Zon@VR2). It may be apropriate to
model scenarios related to these customers if they are likely to impact on the
preferred option selection.

1.4.2 WRSE specific requirements

Following the recommendations from the review of current Rbousehold demand
forecasts (section 1.4.7, WRSE developed a specification for the initial #fmusehold
demand forecast.The scope of this workvas to develop a nothousehold demand
forecasting model ad produce a nothousehold demand forecast for the period 262500
that is fully compliant with the WRP.Q hekey taskscarried out against this requiremeiatre
described below

Segmenation of customers and base year demand

The WRPG requires segmentatiaf nhonrhousehold customers into appropriatedustrial
sectors and forecasting demand separately for each setading account of the factors that
affect demand in the sector. The review commissioned by WKR®E sectionl.4.]) has
recommended the following five segments for this purpose.

Agriculture and other weather dependent sectors

Non-service industries (excluding agriculture and other weattiependent sectors)
Service industrieg population driven

Service industrieg economy driven

Unclassified

= =4 = 4 A

The source data for this work coraérom the Central Market Operating System (CMOS)
operated by Market Operator Services Ltd (MO$) the period 17 to 2020 MOSL has
regulated the norhousehold sector since the separation of household and-hoasehold
water retail services on 1 April 20 dditional data fromthe pre-MOSLperiodhasalso ben
used todevelop longer term trends in historic ndrousehold consumptiowata.

Standard Industrial Classification (SIC) codes are a convenient way of thdi\dding
customers into sectors, especially whire nature of the business cannot be directly inferred
from the business name. However, the SIC code data within CMOS dataset is neither
complete nor entirely accurateSeveral companiebave datasetswvhich use AddressBase
Classificatios for industry sectors, and these have been used to augment or cross theck
SIC classifications

In the process of segmenting the nemouseholdconsumption intothe industrial sectors
described above, we hawattempted toEAAD OEA 1 01 AAO T &£ AOOOI 1 AOO
segment as low as possible, ideally not exceeding 20%ny WRZIn some instanceghis
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has not been possible due to the nature of the data provided wachave described these
cases in thdollowing sections.

Non-household demand in certain WRZs may primarily be driven by a single customer.

Examples inalde airports, universities and large manufacturing uriige have attempted to

identify these and exclude them from the modelling. This is not always posdildd¢o water

AT T PAT EAOCS AEAEAOAT O ,Bidl alsA &h&ré® cohslmptibrA daa isb OT OA A C
provided already aggregated into sectorB) these caseswe have developed alternative

means for excluding large customend these are described in subsequent sections.

The base year for ih initial forecast is 20120 and all companies have calcidd non
household demand in each WRZ for annual regulatory reporting. Once segmentation of the
customersand modellingwas completed, we rebased théaseyear consumption to the
annual reported volume for 20120.

Identify explanatory factors for eachcustomer segment

We haveidentified the key factors that influence demand in the sectand derived historic
and predicted values for these factors from:

Oxford Economicqregion specifigross valueddedand employment)
Edge Analyics (Populatiorpredidions)

Water companies (historic population data and property data)
Office of National Statistics (Population density).

=A =4 =8 =9

Assess the impact of climate change

We have assessed the impact of climate change on the demand by various sectors and
developed scenarosthat includeclimate change impacts on demand

Assess the impact of water efficiency

A key objective behind creation of a separate retail market for-hoosehold customers was
to promote water efficiency. There is limited evidence to suggester efficiency in the non
household sector has improved beyond historical trends since market separ@gesection
1.4.). We have therefore included the reconended4% reduction in demand by 205
line with the National Framewofl, and also included a range of othgtidepaths in
alternative scenarios

Assess demand by other sectors

Going forward, water companies are expected to take account of deman@dtpis that do

not currently take water from public water supplies (PWS) but may be required to do so in
case of severe droughts and/or climate change. Wood plc have recently completed & study
on behalf of the Environment Agency that has looked at dembagather sectors.

& www.gov.uk/government/publications/meetingur-future-water-needsa-nationakframework-for-
water-resources
"Understanding future water demandutside of the water industry, Defra, 28/02/2020
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There are however gaps in the Wood report amel have carried out additional analysis to
supplement the report with additional information and providestimates of demand by
other sectors at the WRZ level.

Develop a demand forecasting model

We have then developed a demand forecasting model that brings together outputs from the
tasks above and allows demand for each sector to be forecast over the ptapennd. The
model:

1 Has been developed at the company and WRZ level and aggregated regional level for
each sector.

1 Includes multiple scenariosthat have been generated to take account of
uncertainties in various assessments

1 Has been developed toe fully transparenaindable to withstand scrutiny at a public
inquiry.

1 The outputs have been incorporated inta commonly used tool that allows
companies toselect the various outputs and scenarios at different levels. We are in
discussion with WRSE about how best to make model availablen an open way
to the WRSE group

Recommend improvements

As we havgone through the taskabove and analysed th#ata, we have identified a number
of areaswhere the modellingforecastingand autputscan be improvd going forward. These
are explained and in the recommendations section.
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2  Methodology

This section provides additionaetails on themethodology we implemented to meet the
requirements detailed in sectioh.4.2

2.1 Data collection and formatting

A consistentdata requirementpecificationwas providedo each of the companies is WRSE.

Data transfer preferences (e.g. email, SharePoint, DropBox, etc.) Information
B
T
N = =T

Population (total) forecasts by WRZ (from Base Year) Population

Non-HH property forecasts by WRZ (from Base year) - Split measured and unmeasured Property

Historic annual return: non-HH property numbers split by measured and unmeasured by WRZ Property

Historic annual return: total population numbers by WRZ Population
Pre 2017 annual non-HH consumption data (per property or per segment or industry code) Consumption

2017 to 2020 annual non-HH consumption data (per property or per segment or industry code) Consumption

12

Data to link non-HH consumption to industry code (SIC, ABP or Land Registry) Data link

Weather data for each WRZ: Monthly (or finer) mean temperature and mean rainfall Weather
D e

Each of the water companies provided data against these requiremeritss data was
assessed and formattedonsistently for each company and water resource zo8eme
companieshad missing data, odifferent levels ofgranularity/length of time series. These
differences werecaptured anddiscussed with relevanpersons from the water companies.
Additional data was collected where possible if gaps wdetified. In somecasesfull data
was not available, and in thesases amendments to the process were agreed.
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2.2 Exploratory analysis and data preparation

The outputs from the exploratory analysis and data preparation, weset@af consistent data
frames Theseconsisted of

1 Segmentedconsumption
1 Explanatoryvariables
1 Annual return data

2.2.1 Consumption data

Data granularity

Consumption @ta was providd by companiesat either individual property level or
aggrecpted to industry classification (normally $16r AddressBas®. Table 1 shows the
breakdown of how the data was provided by company.

Table 1 Consumption data granularity

Company Consumption datagranularity
Affinity Water Property level
Portsmouth Water Aggregated to SIC level
SES Water Property level

South East Water Property level
Southern Water Property level
Thames Water Property level

Voids and large users

If consumptiondata was provided at property level, and if we receiwdata on which
properties were void, we could excludeoid data from the modelling stageHaving
consumption data at property levellsoallows us to also identify and exclude large users,
which may hae a significant impact on consumptioat WRZ level Some companies
provided us withdata on specific large user$Ve were able to use this to determine a
consumption threshold value above whiclve could classify users as a large user. We
determined that this threshold should be set at 2%, if a single user consumes greater than

8 https://www.gov.uk/government/publications/standarihdustriatclassificationof-economic activities-sic
9 https://www.ordnancesurvey.co.uk/businespvernment/products/addressbasgremium
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2% of the WRZ notouseholdconsumption then we would flag this property as a large user.
Table2 highlights whit companies could have voids and large users excluded.

Table 2 Inclusion of voids and large users

Company Large users
Include Exclude Include Exclude

Affinity Water X X

Portsmouth X X

Water

SES Water X X

South East X X

Water

Southern X X

Water

Thames Water X X

Data checks
Data quality checks were performed, looking at the following:

91 Proportion ofproperties that were unclassified or unmatched to a SIC group, split by
year.

1 Percentage of reported (annual return) volume that is contained within either
classified or unclassified consumption data.

2.2.2 Population data

Population forecast data and annuedturn by year and WRZ are imported and combined to
create a joint population datasetPopulations for overlapping years (20629) for both
historical and forecast data are compared to check data accuracy.

For the baselin@opulation we use Housing Plar.

2.2.3 Industry sector mapping

SIC groups or AddressBase classifications are mapped to industry grouping using various
mapping files we developed mapping files for SIC_1980, $892,SIC_2003SIC_200and
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AddressBaseThese were then used to group the pd OEA 0S8 AT 1T 001 POET 1
sectorsshown inTable3.

Table 3 Industry groupings

Industry grouping SIC_2007 sections Reference
Agriculture (and other weather dependent industries A 1
Non-service industries (excluding Agriculture) B,C,D,EF 2
Service industrieg population driven O,P,QR,S T 3
Service industrieg economy driven G, H LI KL MI 4
Unclassified 5

Table 4 shows the proportion of properties and the proportion of consumption for each
company thatfalls into each of théndustry groupings identified iffable3.

Table 4 Proportion of properties and consumption in each industry group by company (20120)

Company Industry grouping Proportion of Proportion of
propertiesin consumption in
group group
Affinity Water Agriculture 1% 1%
Non-service 4% 4%
Servicez population 10% 17%
Servicez economy 46% 28%
Unclassified 39% 50%
Portsmouth Water = Agriculture NA 12%
Non-service NA 22%
Servicez population NA 2%
Servicez economy NA 37%
Unclassified NA 2%
SES Water Agriculture 2% 2%
Non-service 14% 14%
Servicez population 26% 26%

Report reference ARL395 11 © Artesia Consulting Ltd



Water Resources South EaSouthern Water arte5'a

Service- economy 55% 55%
Unclassified 3% 3%
South East Water | Agriculture 13% 13%
Non-service 15% 13%
Servicez population 65% 66%
Servicez economy N/A N/A
Unclassified 8% 6%
Southern Water Agriculture 3% 3%
Non-service 9% 10%
Servicez population 34% 35%
Servicez economy 45% 39%
Unclassified 9% 13%
Thames Water Agriculture 2% 3%
Non-service 5% 7%
Servicez population 18% 27%
Servicez economy 29% 31%
Unclassified 46% 34%

2.2.4 \Weather data

Compiled weather data is loaded with averaghily rainfall and average mamum
temperature by year.

2.2.5 Econometric data

Econometric data was provided by OxfoEtonomics (OE)This data is formatted into
employment andgross value added3@VA) by SIC group and region. All WRSE companies
AOOOAT 01U OOA OEA 031 OOE %wAO0O6 OACEITh xEOE
OEA 1T TAI1T 72: OOAOG OEA O,11TATT6 |/ %,&ACEITS8
forecast data was provided to 2040.

OE
( E

2.2.6 Data collation

A maximal theoretical dataset was created by creating all combinations of year (from OE,
weather, consumption, and population datasets), WRZ (weather, consumption, and
population) and SIC/industry groups (consumption), with all variablesefbto these where
available.
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This is then aggregated to industry grouping level, with greegecific numerical variables
summed (consumption, employment, GVA) and other numerical variablepined at
aggregated level (weather and population).

Both the SC and industry grouping aggregation datasets are output for use in subsequent
modules.

2.3 Model build, testing and refinement for baseline forecasts

2.3.1 Non-householdforecast modelling

The norhousehold forecast modelling is carried out in line with b@sictice'®andtakes into
account the findings of th8®VRSE review of nehousehold demand forecasts (secti@m. ).

Choosing the right modelling process is a comylask that needs to take into consideration
statistical model performances, but also many other variables that require the modeller
expert judgement (availability of variables, reliability of data, overfitting problems, and
more). Therefore, the modelig process is based on offering all the statistical tools to the
modeller, who then takes a decision based on all considered aspects.

Thenon-household NHH) forecast modelling process is divided in the following steps:

1. Build the MLR model based on pastgaggated consumption data, considering Oxford
Economic variables and potentially other factors.

2. Calibrate the model for the base year, in this case 2PQ9first by industry sector using
the property consumption data, then by WRZ using the Annual RetudiR)(
consumption

3.  Apply the MLR model and the calibration to future explanatory variables to estimate
future NHH consumption.

The MLR modelling is done at company level, but considering industry groups independently.
Calibration is instead performed at WR&el.

At each stageadjustments and improvements can be made specifically for each company
depending on thespecificsof the data Therefore in Appendix A there is a complete
modelling report forSouthernWaterwhich identifies all the specific modellirdgtails.

2.3.2 MLR modelling

Multi linear regressionNMILR) modelling aims at finding a linear relationship between the
observed consumption and explanatory variabl@sfirst, all available explanatory variables
are onsidered. Subsequently, the model is refined choosing only the significant variables.
The choice is based on:

1 model performances excluding the variables one by one
9 interaction between variables

°Forecasting water demand component8est practice manual. UKWIR, 97/WR/07/01. 1997.
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9 logical inclusions/exclusions based on the relationship betwthe expected effect
of each variable on consumption, and the estimated coefficients

9 exclusion of outliers

T 1T OEAO 11T AAT T AOOG8 AT 1 OEAAOAOQEIT O8

SouthernWater specific results for each MLR modet each industry sectaaire included in
Appendix A and includghe following:

model term
estimate
standard error
p value.

=A =4 =4 =9

2.3.3 Calibration

The MLR model is based on MOSL data in the base year, which may not represent the total
annualreportedNHH Measured consumption. For this reason, the results of the model need
to be calibrated against the Annual Report data for the base year, in this case220T%his

also helps account for differences between WRZ, not accounted for building the model at
company level.

To ensure the proportion between different sectors is main&nthe calibration has been
further refined:

E  First, modelled consumption is calibrated against property consumption for each
industry group and WRZ, deriving an additive factor,

F  Then the total measured consumption is calibrated against AR data at WRjrign
multiplicative factor.

Appendix A includes thealibration factors forSouthern Water and each WRZ for each
industry sector.

2.3.4 Baseline forecasts

Final NHH baseline forecasts are obtained separately fonteasured and the unmeasured
component.

Forthe measured component, NHH is forecast with the following steps:
E  apply the MLR model separately for each industry group and WRZ,
E  apply the twostep calibration,

E forecasts are then extended from 20441 to 209900 usinga combination otthe trend
along withmodelling usingthe population, dependingon the presence of population in
the baseline model, as follows:

Z  Where population is not presemt the baseline model, thethe forecast is kept
constant after 204041
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Z  Where population is useckitheralone orin combination with other variableis
the baseline model, thema new simplerlinear model is used tofind a
relationship between the consumption forecasted between 3@ and 2040
41 and the population forecast for the same years. The linear misdkeen used
to forecast consumption between 20441 and 209900.

Z [T ETEI O AT1O000i POEIT EO OAO O1 Xom 1T £ OEA

202021 that is allowed to go to zero considering the COVID crisis.

A simpler approach is followed fommeasurednon-household demandas this is a minor
component of thetotal non-householdconsumption. Unmeasured forecasts are obtained
extending the base year unmeasured consumption as reported in the AR up to 2040. Then
the extension from 204011 to 209900 is achieved using the same total company trend used
for all other components.

The forecast outputare presented andliscussed in Appendix Anda summary of the WRSE
high level companwutputs are presented in sectidhl

2.4  Scenarios and uncertainty

2.4.1 Introduction

The concepts of uncertainty and scenarios are often used interchangeably and partially
overlap in terms of meaning. Both represent unknowns that may affect water consumption
forecasts. For the purpose of the WRMP@dn-household demandorecasts we need to
separate the concepts through definitions:

1 Uncertainty refers primarily to the variability we have in forecasts due to data
uncertainty and unexplainable variability uncertainty. Uncertainty is fremo even
in the present figures and grows with time ingaadual way, due to uncertainty
propagation. Uncertainty can be described by probability distributions and derived
statistics, like mean, standard deviation, or quantiles.

1 Scenariosrefer to the variability in future projections due to foreseeable (attea
OAOI O T £ EAPPATET ¢cq AOGAT 008 3AAT AOEI 05
not to the present, and can grow or decrease in time according to the specific events
we are considering. Scenarios are usually represented by a discrete nuafiber
alternative forecasts.

As the WRMP240n-household (NHHjorecasts are derived through a complex process, the
sources of uncertainty can be many and very little is known about the quantification of
uncertainty. Similarly, the number of factors that caffect NHH water consumption can be
large and unexpected events and technologies may alter the way we will consume water;
therefore, it is very difficult to consider all plausible scenarios.

In this work, we introduce some approximations to overcome th&nown quantification

and the technical limitations involved in modelling both the uncertainty and the scenarios.
We first proceed in delineating a large number of foreseeable scenarios, from which we derive
plausible central, lower and upper thresholds.efhwe proceed in applying uncertainty
estimations for quantifiable factors on the three selected thresholds.
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following sections.

2.4.2 Modelling scenarios

The scenarios repisented in the WRMP24 NHH forecasts are chdsssed orscenarios that

are likely to happen in the short and long term and considering how these may quantitatively
affect the NHH water consumption forecasts. We consider six factors, each represented by
an upper, central and lower scenario. All combinations are tested, resulting soedarios,

i.e. 729ndividualscenarios.

Population scenarios

Population scenarios are chosen from the 72 Edge Analytic population forecasts. The
scenario used for the baseénHousingPlanP, is already on the upper range of Edge Analytic
population scenarios. To maintain it the central scenario, to keep a balanced forecast, and to
keep the riskadverse approach, three scenarios on the upper spectrum are selectdd
these ae shown irFigure3:

9 Population upper scenario: Housitdgeed P

9 Population central scenario: HousisigjanP
1 Population lower scenario: CompletiebY-P

Figure 3 Threepopulation scenarios ae chosen from the 72 Edge Analytic scenarios
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Brexit

At the moment of writing this report, the United Kingdom has left the European Union and
is in the transition period for which the majority of EU regulations are maintained, while the
government negotates an exit deal. The outcome of such negotiations is exguict impact

the economy and the immigration scenarios for both the short and the long term. However,
the shortterm forecasts consider both Brexit and Coviél impacts on the economy, and
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thesetwo factors are difficult to separate. So, we decided to apply only the{tamm impacts
for the Brexit scenarios, as the shdagrm effects are already represented in the three COVID
19 scenarios.

NHH water consumption is modelled considering GVA, empleyt and population among
other factors, and these factors are the ones impacted by Brexit.

The impact on population is estimated from Lomax, 281 %onsidering the percentage
variation between the three reported Brexit scenarios:-Eldmbership, soft Breix and hard
Brexit. Considering our baseline as the middle scenario, we can consider a change in
population of +2.6% by 2040 under the upper Brexit scenario, and a decrea2z&uf under

the lower Brexit scenario.

For employment estimates, we considered the HM Government repidft Treasury analysis:
the longterm economic impact of EU membership and the altern'dfivésich states that
Quinemployment would reach 7% to 8% in 2020, compared with a projected rate dff thh
UK remained in the E&QJ8ssuming our estimatesorrespond to the centralwe can consider
a variability around 3%, sd-+1.5%for the upper and lower scenarioblot having further
temporal information, we keep this steady in time.

In terms ofGVA (proportional to GDP if fixed taxation is assumed), the report proposes wider
ranges, going between 1.2% and 2.8%, considering the uncertainty. For consistency we
consider 1.5% like for the employment estimateBhe summary of Brexit impacts is
presenked inTableb.

Table 5 Brexit scenarios and their impact

Population GVA Employment
Upper Brexit scenario +2.6% by 2040 +1.5% fixed +1.5% fixed
Central Brexit Scenario baseline baseline baseline
Lower Brexit Scenario -2.6% by 2040 -1.5% fixed -1.5% fixed
COVID19

COVID19 has had a strong negative impact on the economy and on NHH water
consumption, due to lockdown measurements aadonomic recession, as well as due to
remote-working measurements. At the time of writing this report, a vaccine is estimated to
be available in 2021, and the impact of the pandemic is expected to gradually reduce after.
The impact of COVIEL9 is modelledn three different ways:

1] omax, N., Wohland, P., Rees, P. & Norman, P. The impacts of international migraion OEA 5+ 8 O
ethnic populations. J. Ethn. Migr. Stud. 46, 4799 (2019).

2HM Government.HM Treasury analysis: the letegm economic impact of EU membership and the
alternatives 2016, Cm 9250Veb ISBN 9781474130905
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1. GVA and Employment are modified on the short term, according to the expected
impact on the economy.

2. Water consumption is reduced across all sectors.

3. Water consumption is shifted between sectors.

COVID19 impact on GVA an&Employment

The impact of COVIEL9 on GVA and Employment is estimated from tharecasts for the UK
economy 202y the HM Treasury. The report compares independent forecasts. The
baseline was estimated using the Oxford Economic (OE) forecasts fora@¥ Employment.

From the report the upper and the lower thresholds are estimated for GVA (derived from
GDP, Table M1 of the report, with the assumption of proportionality) and for employment
(derived from unemployment forecasts, table M5 of the report)ingsthe upper and the
lower independent estimate. For GVA, OE is a central forecast, therefore is used as the
central scenario, while for employment OE is already the upper forecast, so it is used as the
upper scenario. The result is a set of percentagenges to apply to the baseline for years
20192024. These estimates also include the shiatm impact of Brexit.

NHH water consumption reduction due to COVI®

Beyond the effects on the economy, COVID has an effect on water consumed by
businesses andon-household properties due to different operations and remote working.
Artesia has conducted an independent study on the impact of CE@@bn the NHH sector.
Figure4 shows the reduction in water consumption during summer 2020, compared to the
previous year, considering weather, holidays, and other influencing factors.

Figure4 Reduction in NHH water consumption during summer 2020 months comped to previous
months.
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The three scenarios are considered as follows:

1 Upper COVIBLI scenario: no variation on the baseline.

13HM Treasury, Forecasts for the l@kKonomy: a comparison of independent forecasts, 2020, No. 397,
ISBN 9781-91363561-9
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Central COVIEL9 scenario:12% in 20221 and-6% in 202122, then baseline.
Lower COVIBL9 scenario:20% in 202621 and-10%in 202122, then-3% on the
baseline(long terms effects due to permanent homeorking adjustments and
business closing)

= =

Shift between sectors due to COV4DO

The COVIBLY impact on water consumption is due to its impact on the economy and the
change of perations due to a mass remaotgorking approach. However, both these factors,
qguantified above as a total effect, affect differently the different economic sectors.
Therefore, a final step of the modelling is to shift water consumption across sectors.

To b so, we use data from the ONBusiness Impact of COVAI® Survey (BICSjom
September 202&* (assumed to be the best representation to date to the plstkdown
COVID19 scenario). The dataset reports both the changes in turnover and the percentage of
workers working remotely, by sector. Combining the two factors we could derive that under
the September 2020 conditions, NHH water consumption is likely to have shifted:

Agriculture +0.4%
Non-service +9.1%
Serviceeconomy-4.1%
Servicepopulation-5.8%
Unclassified +0.4%

=A =4 =4 -8 =9

The shift is only considered in the lower COMI® scenario, where long term impact of
remote-working is consideredNote that the figures above only report a shithey sum up
to zero) because the reductions per sectors are accounted at the previous step

Summary of COVIEL9 scenarios
Table6 lists the summary of the COVIDO senarios and their impact.

Table 6 COVID19 scenarios and their impact

Employment Consumption Sector shift

reduction

Upper Upper OE forecast baseline baseline
COVID19  independent
scenario forecast

Central OE forecast Central -12% in 20221 baseline
COVID19 independent 6% in 202122
Scenario forecast

then baseline
Lower Lower Lower -20% in 202621  Agric: +0.4%
COVID19  independent independent 10% in 202122  Non-serv:+9.1%
Scenario forecast forecast

14ONS, BICS Wave 14 edition of this dataset 7 September to 20 September 2020
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then-3% Serveco:-4.1%
Servpop:-5.8%

Unclass: +0.4%

MOSL

The liberalisation of the water market for the commercial sector has had an impact on the

water consumption reporting, operated by MOSIlhet market operator for the water retail

market in England During this time MOSL has failed to deliver some of itsrgets for

improving data quality (notably inth®, T 1T ¢ OAOI O1 OAAA TQAAGORATAAORCI
DOT PAOOEAO Al Ar€asiA Ahe MOSL @Grndal matkét performance report

identifies that 1 in remisesis now flaggedas vacantand meters unread for more than a

year havdancreased from 7% at 2017 16% atMarch 2019with onethird of thesenot being

read since market opening

The effects are observable as tliference between the reporting before 20knd after
2017. Step changes cahe seen in the property level data that is used for the mode|largd
if these step changes are not taken into consideratirey will impact the robustness of the
models Examples of this can be seenRigure5 and Figure6. To account for this in the
modelling a flag is used, which is set to zero before 2017 and set to 1 after.

Figure5 Example (SEWMaidstone) step change in property level consumption data post 2016

Consumption [MI/d]

£ y 2 ~ ! ~ A ? .
o ~ 4 %5 w 4 o N N
& ~ ’)9'» ,,9“’ ,1’0“’ 3 ¥ > i o“’o’

MOSL no ® yes

15 Annual Market Performance Report 2019/200SL.
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Figure 6 Example (SNVS-Hampshire Andovel) step change in property level consumption data

post 2016
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MOSL ® no ® yes

However, there are commitments from MOSL to improve in this aaed signs in2019 that
progress is being mad&Ve are unsure how ttse improvenents will impactreporting in the
future, depending on how the water retail market evodvel' herefore, the following three
scenarios are considereduantifying the impact thathe shift to MOSL reporting has had on
eachwater resource zone and industryaup separately

T Upper MOSL scenario: thOSLeffect doublesin 2030, then remains at that level
(data quality deteriorates)

1 Central MOSL scenario: thdOSL effectremainsconstantin the future(data quality
remains the same)

I Lower MOSL scenarioche MOSL effect gradually declines to zero in 2030 and
remains at that leve{data quality improves to pre017 levels)

Climate change
Modelling residuals

To consider weather effects on water consurigot, a residual model is used, i.the
difference between the actual consumption and the one that the MLR model estimates

(residuals) are further modelled as a function of weather variables like temperature and
rainfall.

Building the residual models foraeh WRZ independently is correct theoretically, but due to
the low number of points in time it can result in unstable models. Therefore, we changed the
approach to consider all residuals from all WRZs and all companies in one model. To make
the residuals omparable, we standardised them, dividing them by the consumption itself:

1\

PELT 604N QIRARTQOO Q¢ &
WA

1 Qi QQo
wEEiL oano Qe ¢
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Using this method, the resulting model predicts standardised residuals in the future as a
function of weather variablesajverage rainfallind average maximum temperatQreThe
residuals can then be adapted to each WRZ by multiplying them by the mean consumption
of past years.

Modelling historic weather trends

The first step in the analysis is to establish the change in weather patterns that are occurring
due to climate change. The weather variables under examinationagezage maximum
temperatureandaverage rainfallFigure7andFigure8 show that the trends of these variables
over the years can be well represented with linear regressiodels.

Figure7: A plot showing the trend of peak daily temparatures since 1959.

Trend of Average Maximum Temparature
Period: 1959 - 2019

-
[0 0]
1

o
OI_. 16- ) __s.._.'
g- . . * . °__.,_-__.',_,_._J_.._.__:_ .
aJ 14- _.___!_I.-._-____'.__:..._.__
o _
X 121
=
o 10 -
>
< -
1960 1980 2000 2020
Year

Report reference ARL395 22 © Artesia Consulting Ltd



Water Resources South EaSouthern Water artESIa

Figure8: A plot showing the trend of average daily rainfall over since 1959.

Trend of Average Rainfall
Period: 1959 - 2019
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Forecasting Weather ancClimate Change Residuals

The weather models developed iRigure 7 and Figure 8 are used to forecashverage
maximum temperaturandaverage rainfalhrough the forecast period.

We usedadditive climate change models in conjunction with the weather forecasts. These
models provide 12 scenarios of potential temperature and rainfall patterns.

The forecasts of the weather variables are each summed with the 12 relevant climate change
scenarios to produce 12 forecasts éerage maximum temperatusadaverage rainfall Tre
12 scenarios foeachare then fed into the residual model to obtain residual forecasts.

However, all 12 scenarios are not required for this analysis, ofidyvacentral, and high
scenario. To extract three scenarios from the 12, th&, 50", and 9¢' quantile of the
scenarios are taken for each financial year.

The climate change scenarios orgg up to the year 2080, whereage needforecasts up to

the year 2100. The forecasts must therefore be extended to meet client needs. To perform
this extenson, a linear regressive model igétl to each of thdow, central,andhighscenarios

and used to predict the final 20 years to the desired end y2H0O0.

Water efficiency

The evolution of technology and regulations is expected to contritnetducing NHH water
consumption, by improving water efficiency.

The three water efficiency scenaridselow were selected in consultation with th&®VRSE
steering group:
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1 Upper water efficiency scenario: water consumption is reduced by 2% by-2050
1 Central waer efficiency scenario: water consumption is reduced by 7.5% by-8050
1 Lower water efficiency scenario: water consumption is reduced by 16% by-2D50

2.4.3 Combining scenarios

All the scenarios described above result in a total of 729 scenarios for eagha@pWRZ.
This is a large number to report, so they are summarised as a central, upper, and lower
thresholds. The thresholds have been derived as:

1 Upper threshold: 90 percentile of all the scenarios each year.
1 Central threshold: 50 percentile of all tle scenarios each year.
1 Lower threshold: 19 percentile of all the scenarios each year.

An example of 81 of the 729 scenarios is showkigare9. A derivation of the Pper, Central
and Lower thresholdfrom all 729 scenarids illustrated inFigure10for Affinity Wateras an
example.

Figure 9 Example of 81 of the 729 scenarios for Affinity Water
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Figure 10Example cerivation of the Upper, Central and Lower thresholds from the total scenario
variability for Affinity Water
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2.4.4 Modelling uncertainty

Every single element of the complex WRMP24 NHH forecasts is affected by a certain degree
of uncertainty, but the quantification is difficult. Therefore, wkecided to focus on the
elements the have the biggest impact on the forecasts:

1 the explanatory variables used in the model
91 the model
9 climate change

The quantification of uncertainty for each component is described in the following sections.

Explanatoryvariable uncertainty

Each explanatory variable is affected by a different degree of uncertainty. It is not easy to
separate the uncertainties and to evaluate the effects of each on the resulting water
consumption. However, thanks to the linear nature ofethmodel, if we consider the
explanatory variables to have the same uncertainty, e.g. +10%, we can derive that the same
uncertainty will affect water consumption. The following explanatory variables are
considered for uncertainty:

T GVA
1 Employment
1 Population

Other minor explanatory variables are expected to have a lower uncertainty and to affect the
water consumption estimations to a smaller degree.
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Observing the population scenarios from Edge Analytics, we can observe that their
uncertainty is very small irhe present and grows steadily in the future, reaching a value of
+6% to +12% depending on what scenarios we consider.

In terms of GVA and employment we can observe inRbeecasts for the UK economy 2020
by the HM Treasurythe largeruncertainty is actually in the short term and varies between
+30% to +50% for GVA to £1.5% to £3% for Employment.

Considering the uncertainties estimated above, the general uncertainty for the explanatory
variables is estimated as:

1 8% of the water consumntjon in 201920.
1 Growing to £12% of the water consumption in 2626
1 Growing to £18% of the water consumption in 26909.

Model uncertainty

Model uncertainty is estimated separately for the considered industry groups and companies,
asdifferentt T AAT O AOA O &/Alueseprésents thd Vaiiabilify in2he data that the
model is able to explain. We estimate the model uncertainty R4, i.e. the variability in

the data that the model is not able to explain. This is a simplificationeféects such as
overfitting can increase the ®alue beyond what the real capabilities of the model are, but
overall it is a good proxy for the model uncertainty.

Climate change uncertainty

Climate change uncertainty has been estimated from the UKCP & Change Over Land
infographic'é, that estimates the following:

I Rainfall is expected to show a variability up#2530% in summer and121%% in
winter by 206079.It can be approximated as#20% on a yearly basiy/ 206G79.

I Temperature is expected to show a total variabilitgtween 2.53.5°C inwinter and
3.34.7°C in the summer, so about*C on a yearly baslsy 206679. Assuming an
average yearly temperature around °I% that is about 18Ct2°C i.e.+13%. by 2060
79.

Cambining the two estimates, we can consider a climate variability of about 16% by 2070, so
we assume 18% by 2099.

2.4.5 Application of uncertainty

Once the uncertainty of the single components is defipasistatedin the previous sections,
they are then combinedh a quadratic way:

16 Met Office, 2018, UKCP18 Science OvenwiReportz November 2018 (Updated March 2018)
Infographic Headline Findings
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The resulting uncertainty, estimated for each Company, WRZ, industry group and year, is
applied on the three derived scenario thresholds.

2.5 Potential non-PWS demand

2.5.1 Data

For the calculation andorecast of nonAPWSdemandwe used theoutput created for the
Wood plc study for Defra and thEnvironment Agencyspecifically the spreadsheet

9 Existing and new authorisations in SouthEast.xIsx
From this spreadsheet we mainly usddta from the following TABS:

1 Existing_Abstractions_All which contains ©ombined surface water abstractions
(SWABS) and groundwater abstractions (GWABS) ppimipose licence (extracted
from WRGIS database February 20i8¢luding multiple GWABS entries where
impacts are apportioned to multiple surface water bodies.

1 New authorisations data which containsany new abstraction licences since
February 2019.

2.5.2 Analysis

Existing abstractions

Hrstly, we removedall the public water supply abstractiotsy filtering them out usingthe
PWS LAl AC ET OEA OOAAWE fhénOnbed Misdgkent theindP/E 1 8
observations into industrial sectors. This was done using the codes shovabla?.

The data is then checked for duplicates and any duplicates removed.

Table 7 Sector segmentationz exisitng abstractions

Ref Sector How to reference

El Spray irrigation Use the following Tertiary codes:
380
390
400
410
420

E2 Paper and pulp Use secondary code:
PAP

E3 Chemicals Use secondary code:
CHE

E4 Food and Drink Use secondary code:
FAD

E5 Power Use primary code:
P
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E6 Agriculture (nonspray irrigation) All remaining agriculture after E1 |
removed.

E7 Navigation Use secondary code:
NAV

ES8 Minerals and extraction Use secondary codes:
EXT and MIN

E9 Other Anything that is left

The abstractions are then grouped by industry code &vRZ. We therfor each WRZ, sum
the following:

1 Recent actual point purpose annual quantity in m3/year, consumptive quantities only
(RAPTPANQM3)

1 Consumptive only Best Estimate Growth Factor Applied RAPTPANQM3

1 Consumptive only 75th Percentile Growth Factor Appliégd RAPTPANQM3

4EA AAROEOAOQCEITT 1T &£ OEA OORWDOOARKIOCEHR AR AC @O EXE 6 £A
described in the Wood plc repdrt

Annual predicted norPWS needs projecting from 2025 to 2100. For 2025 to 206@ lisear
interpolation between baseline and growth to 2050. For 2051 to 2100 we keep th@WwH
flat for this first iteration(alternative scenarios for po&050 growth could be applied later).

New authorisations

The new authorisations sheet does natlude WRZ information. Sdor the purpose of this
analysis, the/ EEAT A O. ! ; wad @AtéhedAtbvater company through visual
inspection This results insometimes allocating more tharone water company to a
catchment. In these casethe volumes were split equally across the companigss could

be improved in the future

The data is then checked for duplicates and any duplicates remafedthen need tselect
which industry sectors should be included, along with thest estimategrowth factors.
These are shown ihable8.

Table 8 Sector segmentationz new authorisations

Ref Sector How to reference Best esimate growth

N1 Horticultural watering abpAbsPurposeDesc 2.01
N2 Make up or top up water abpAbsPurposeDesc 1.00
N3 Spray irrigation-direct abpAbsPurposeDesc 1.44
N4 Spray irrigatiorng storage abpAbsPurposeDesc 1.44
N5 Trickle irrigationz direct abpAbsPurposeDesc 1.44
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N6 Trickle irrigation- storage abpAbsPurposeDesc 1.44

For new abstractions we only have the licenced volyaredtherefore will assume that is an
approximation toactualconsumptive volumeThe industry groups we have selected &ne
ones likely to have consumptiveiemand.After groupingby industry codewe then sum the
following:

| Abstraction quantity per yeai@pnAbsQtyYead. (
I Compute the lestestimate of growth to 2050 using thgrowth rate inTable8.

4EA AAOEOAOQCETT 1 £ OGkshased brisinidar decobshn Ol pl€ OT x OE
report.
Annual predicted norPWS needs projecting fro2025 to 2100. For 2025 to 2050 use a linear

interpolation between baseline and growth to 2050. For 2051 to 2100 we keep theW
flat for this first iteration (alternative scenarios for post 2050 growth could be applied later).
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3 Results

3.1 Baseline forecat for non-household public water supply
demand

Baseline forecast outputs are provided ithe following attached file @1_Artesia
WRSE_NonHouseholBemandForecasts _Phasefinal-results 20201008.xI€x This file
includes thefollowing breakdown ofbaselire norrthousehold consumption forecasts from
20192020 through to 20922100:

9 01: Forecasts of measured non household demand for each industry sector in each
water resource zone.

I 02: Forecasts of unmeasured non household demand for each W&zently flat

forecasts).

03: Aggregates of measured non household demand forecasts for each WRZ.

04: WRZ total forecasts (measured plus unmeasured).

05: Company total forecasts (measured plus unmeasured).

06: WRSE region total forecasts (measuredsplitnmeasured).

=A =4 =4 =9

It is important to consider the baseliferecasts in the context of the uncertainty in the data
and modelling, as well a@siture uncertainties(described in sectiof.4). Therefore, we have
produced senarios for norhousehold demand forecast outputs are provided in the
following attached files for the central, lower and upper scenarios:

1 ®1_ArtesiaWRSE_NonHousehol®emand
Forecasts_central_Scenariorgdiminary result_20201016.xI6x8

1 ®1_ArtesiaWRSE_NonHousehol®emand
Forecasts_lower_Scenario_preliminary_result 20201016dxIsx

 ®1_ArtesiaWRSE_NonHouseholBemand
Forecasts_upper_Scenario_preliminary_result_202010160xIsx

These files includes the follving breakdown of scenario nelmousehold demand forecasts
from 20192020 through to 20922100:

1 PWS WRZmeasured_scenario

2 PWS WRZ_unmeasured_scenario

3 _PWS WRZ total scenario

4 PWS_Companymeasured_scenario

5 PWS_Companyunmeasured_scenario
6_PWS_Companytotal _scenario
7_PWS_Regionmeasured_scenario

8 PWS_Regionunmeasured_scenario

9 PWS_Regiontotal _scenario

=A =4 =4 =8 -8 -8 -9 9 -9

WRSE level graphs of ndrouseholdbaselinedemandand scenariosare presented ifrigure
11 Figurel2andFigure1l3 Company graphs for nehousehold demandcenariosare then
shown inFigurel4through to Figure31

Report reference ARL395 30 © Artesia Consulting Ltd



Water Resources South EaSouthern Water

3.1.1 WRSE regional results

At start of the planning period (2025), the WRSE region total-honsehold demand is
predicted to be 921 Ml/d within an overall range of 594 to 1121 MI/d. Much of the early

artesia

uncertainty is due to the impact of COI® and uncertainty over the quality ofon-
household consumption data from MOSL.

By the end of the planning period the ndrousehold demand is predicted to be 1032 Ml/d

(anin

crease of 111 Ml/d) within a range of 630 Ml/d to 1637 Ml/d.

Figure 11WRSE regiormeasured and unmeasured norhoushold demand forecasts
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Figure 12WRSE regiomon-houshold consumption central, lower and upper scenarios
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Figure1l3shows how thenon-household demand is broken down into the standard industry
sectors4 EAOA EO 1 Ei E O Adwiced 1 AXOXEO a5 A GBE A 8Ql 8l 11 AT OEAA O
the growth isin the service sectors, which are driven by populagond ecaoomy.

Approximatelyone quarter of the nonthousehold demandn the WRSEegion falls into the
001 Al AdatéyBryEFhAsA are properties that could not be allocated irto industry
sector becauseither the property has no industry codesigned to it or the industry code is
incorrectly recordedand cannot be matched to a sectowe did attempt to model this
unclassifiedsector, but because of the inconsistency in the diataas not possible taerive
meaningful relationships or models, therefore we held the forecast for the unclassified sector
flat across the planning period.

Figure13WRSE region norhoushold demand forecasts by industry sector
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3.1.2 Affinity Water results

The results for Affinity Wateare shown inFigure14to Figure16. At start of the planning
period (2025), the Affinity region total nehousehold demand is predicted to H&’4Ml/d
within an overall range d87to 242 Ml/d. Much of the early uncertainty is due to the impact
of COVID19 and uncertainty over the quality @fon-household consumption data from
MOSL.

By the end of the planning period the ndrousehold demand is predicted to RO8MI/d (an
increase oB4MI/d) within a range 0100MI/d to 371Ml/d.
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Figure 14 Affinity Water measured and unmeasured norhousheold consumption
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Figure 15 Affinity Water region non-houshold consumption central, lower and upper scenarios

Affinity Water - central
Total non household demand
4004

3001

Non-household demand [MI/d]

9 © % 8 S 2 % 5 8 & R S & Y 8 8
N & N N N N N N & N N o a a ~ N N
~— Upper - total
~ Central - total

Lower - total

Most of the growth in the Affinity region comes from the service sectors, with the semie
sector and agriculture remaining approximately flat across the planning period.
Approximately one third of the demand in the Affinity region falls into the unclassified group,
and as explained in sectidhl.] this is held flat across the planning period.
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Total measured non household demand by industrial sector

Affinity Water

80

Figure 16 Affinity Water non-housheold consumption by industry sector
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Figure 18 Portsmouth Water region non-houshold consumption central, lower and upper
scenarios
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Most of the growth in the Portsmouth region comes from the servimgulation driven and
agriculture sectors, with the servieeconomy and norservice sector reducing across the
planning period. Less than 1% of the demand in the Portsmouth region falts time
unclassified group, and as explained in sect®.] this is held flat across the planning
period.

Figure 19 Portsmouth Water non-housheold consumption by industry sector
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3.1.4 SES Water results

The results for SES Water are showifrigure20to Figure22. At start of the planning period
(2025), theSESregion total norhousehold demand is predicted to &5 Ml/d within an
overall range ofL7to 30MI/d. Much of the early uncertainty is due to the impact of COYED
and uncertainty over the quality of nehousehold consumption data from MOSL.

By the end of the planning period the ndrousehold demand is predicted to (22 Ml/d (an
decreaseof 1 MI/d) within a range o16Ml/d to 38Ml/d.

Figure 20 SES Water measured and unmeasured nemousheold consumption
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Figure 21 SES Wateregion non-houshold consumption central, lower and upper scenarios
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There is slight growth in the SES region from the service sectors, with theseovice sector
reducing across the planning period. About 3% of the demand in the SES region falls into the
unclassified group, and as explained in sect®.] this is held flat across the planning
period.

Figure 22 SES Water norhousheold consumption by industry sector
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3.1.5 South East Water results

The results for South East Water are showirigure23to Figure25. At start of the planning
period (2025), the&South East Watetotal non-household demand ipredicted to be98 Ml/d
within an overall range dd3to 120Ml/d. Much of the early uncertainty is due to the impact
of COVID19 and uncertainty over the quality of ndmousehold consumption data from
MOSL.

By the end of the planning period the ndrouséhold demand is predicted to bEL3MI/d (an
increaseof 15 MI/d) within a range o72MI/d to 180Ml/d.
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Figure 23South East Water measured and unmeasured nehousheold consumption
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Figure 24 South EastWater region non-houshold consumption central, lower and upper
scenarios
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There is growth in the South East region from the service sectors, with theseorice sector

and agriculture sectors remaining flat across the planning period. About 4% of theadém

in the South East Water region falls into the unclassified group, and as explained in section
3.1.1 this is held flat across the planning period.
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Total measured non household demand by industrial sector

South East Water

Figure 25South East Water nonhousheold consumption by industry sector

Water Resources South EaSouthern Water
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Figure 27 Southern Waterregion non-houshold consumption central, lower and upper scenarios
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There is growth in the Southern Water region from the population service;s@wmice and
agriculture sectors, with economy service sector reducing across the planning period. About
12% of the demand in the Southern Water region falls into the unclasgifiedp, and as
explained in sectio.1.1 this is held flat across the planning period.

Figure 28 Southern Water non-housheold consumptionby industry sector
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3.1.7 Thames Water results

The results for Thames Water are showrFigure29 to Figure31 At start of the planning
period (2025), the lames Water region total nohousehold demand is predicted to &1
Ml/d within an overall range d&34to 546 Ml/d. Much of the early uncertainty is due to the
impact of COVIBL9 and uncertainty over the quality of ndrousehold consumption data
from MOSL.

By the end of the planning period the ndrousehold demand is predicted to B46MI/d (an
increase o#5Ml/d) within a range 0851MI/d to 771IMI/d.

Figure 29 Thames Water measured and unmeasured nehousheold consumption
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Figure 30 Thames Waterregion non-houshold consumption central, lower and upper scenarios
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There is growth in the Thames Water region from the service sectors, with a small increase in
agriculture, the nomservice sector remains flaicross the planning period.

About 27% of the demand in the Thames Water region falls into the unclassified group, and
as explained in sectioB.1.1 this is held #t across the planning period. These are properties
that could not be allocated into an industry sector because either the property has no industry
code assigned to it or the industry code is incorrectly recorded and cannot be matched to a
sector. We did iempt to model this unclassified sector, but because of the inconsistency in
the data it was not possible to derive meaningful relationships or models, therefore we held
the forecast for the unclassified sector flat across the planning period.

Figure 31 Thames Water norhousheold consumption by industry sector
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3.2 Potential non-public water supply demand

Projectons for non-PWS norhousehold demand are provided in the following file
M@1_ArtesiaWRSE_NonHouseholBemandForecasts_norPWS_Phasefinal-
results_20201008.xI€x 8

These files includes the following breakdown of scenario-honsehold demand forecasts
from 20192020 through to 20922100:

1 1 Existing abstraction, Best estimat&ecent actual consumptive volume with
growth to 2050, By WRZ and sector

I 2 Existing abstraction, 75th percentile, Recent actual consumptive volume with
growth to 2050, By WRZ and sector

3 New licence, New licenced volume with growth to 2050, By WRZ andrsect

4 Existing abstraction, Best estimate, Recent actual consumptive volume with
growth to 2050, Summed to WRZ

1 5 Existing abstraction 75th percentileRecent actual consumptive volume with
growth to 2050Summed to WRZ

1 6 New licence, New licenced volume wghowth to 2050, Summed to WRZ

1
1
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7 Total non_PWS, Best estimate, Recent actual consumptive volume plus new
abstractions with growth to 2050, At WRZ

8 Total non_PWS, 75th percentile, Recent actual consumptive volume plus new
abstractions with growth to 2050, tANRZ

9 Total non_PWS, Best estimate, Recent actual consumptive volume plus new
abstractions with growth to 2050, At company

10 Total non_PWS, 75th percentile, Recent actual consumptive volume plus new
abstractions with growth to 2050, At company

11 Totalnon_PWS, Best estimate, Recent actual consumptive volume plus new
abstractions with growth to 2050, At region

12 Total non_PWS, 75th percentile, Recent actual consumptive volume plus new
abstractions with growth to 2050, At region

The base year abstraction by sector is showFkigure32, with the best estimate of growth
to 2050 shown ifrigure33 The estimated new abstractions by sector are shown for the base
year inFigure34, with the projected growth to 2050 shown kigure35

These have been aggregated tegional level ifFigure36. The figures are then segregated
to water company level and are shownkigure37, split out by water caonpany with the best
estimate, 7% percentile estimate and new abstractions for the base year (2Bd)Pand for
2049-50.

Figure 32Base year exisitng abstractions by sectofor the WRSE region
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Figure 33Best estimate of exisitng abstractions growth to 2050 by sectofor WRSE region
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Figure 34 Base year new abstractions by sectdior WRSE region
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Figure 35Best estimate of new abstractions growth to 2050 by sectoior WRSE region
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Figure36 Non PWS in base year and 2050 at WRSE region split out by best antl @ércentile
estimate and new abstractions
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Figure37Non PWS in base year and 2050 by company split out bgst and 75" percentile
estimate and new abstractions
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4  Discussion of findings

Thissection discusses the overall results and findings that are consistent 20fB&E any
company specifi¢indings are discussed in Appendix Fhe discussion is broken down into
the followingsections:

The modelling approach used for this study.
Uncertainty in the predictions.

Data issues.

Potential alternative industry segments.
Weather impacts.

Other potential improvements.

=A =4 =4 4 -4 A

4.1 Modelling approach

As explained isectionsl.4.1land1.4.2 this project followed well prescribed approadbased
on an initial review of best practice and previous WRMP company madeteed out by
WRSE. This has ensured that a consistent approach has been applimddelling non
household consumption@oss all 37 WRZs in the WRSE reghmpart of this approach, the
industry sector grouping, along with expectedirivers for eachgroup, wereprescribedin
Table 3 of the WRSHview’ described in sectiod.4.1 Thegroups and drivers are set out in
Table 9. This grouping seems sensible based on tleiew of prevdus norhousehold
models, and therefore was used for this study.

Table 9 Industry sector groupings and drivers from the initial WRSE review

Sector_Name Sector _Description

Agriculture Agriculture clearly has a stronger relationsh@weather than other
sectors, and therefore if it is significant it warrants separ:
treatment, particularlyin the context of climate changescenarios.
There may be other weatherdependent industries that behavi

similarly.
Non-service These are again more likely to show trends related to the econo
industries (excl. but are likely to contain different trends in patterns of water use ¢
Agriculture) efficiency.

Service industries  Other areas of the service sector,ctuas retail and entertainment
(economy driven) are more likely to show trends related to the size of the econom)
employment.

Service industries | Certain areas of the service sector, such as education and healtt

(population more likely to be driven bpopulation size rather than measures |

driven) economic output, and therefore it is worth including these as
separate grouping.
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Unclassified Some nonhouseholds may not readily be assigned to any of
other categories. It is also unlikely to l#ble to assigqy industry
sectors to every property, and a significant volume of consumpt
will not be assigned to one of the previous sectors. Care needs 1
taken that strong trends in this sector are not simply reflecti
changes in data quality over time.

In the process of developing the ndmusehold consumption modelwe started with the

different driversfor each sector group. However, some models were weak, and therefore we

Al TTxAA OEA AAOA Al quideAidiA the BIAcAD bf e GxplanhtdnyA 1 O
variables, i.e. all explanatory variables were applied to each sector model and the models
refined through a process of variable reduction until the strongest models remained. The
resultingsignificant variables for each company model across WRSE are shovailiel .

Table 10 Significant explanatory variables in each sector model

Sector Population GVA Employment MOSL flag Other
Company
model
Agriculture X X X X
Nor- X X X X
o service
Affinity Servi
ervice X X
economy
Serwce. X X
population
Agriculture X X X X
Non-_ X X
service
Portsmouth Sl
ervice X X X X X
economy
Serwce. X X X X
population
Agriculture X X
Nor- X X X
service
SES Water —
ervice X X
economy
Serwce_ X X
population
Agriculture X X X X
South East N
o X X X X
service
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Sector Population GVA Employment MOSL flag Other
Company
model
Service X X
economy
Serwce_ X X
population
Agriculture X X X X
Nor- X X X
service
Southern 2
Service X X X
economy
Serwce. X X X X
population
Agriculture X X X
Nor- X X X
service
Thames i
Service X X X
economy
Serwce_ X X X
population

What we see is quite a mix ekplanatory factors, with population having a strongluence

in nearly allmodels. Economy (GVA) is a facton some of the non-serviceand service
economy models Employment is a factor in some of the models across all four sector
groupings. The MOSL flag (discussed in sedigr.2and 4.3.]) is significant in nearly all
models. Some models contain an additional factanich would typically be added following

an analysis of residuals were relatiofiizh in the residuals are observed, for example
population density Note, thatfor the unclassified sector there was too much variation in the
data to establish any robust models, therefore these were held flat across the planning
period.

Overall the picture is a lot more varied than the anticipated factors from the initial review
(Table 9). For some of the segments the resulting models using the explanatocyofa

described above were very weak, so we expanded the modelling to allow all the explanatory
factors to be used for each segment to develop stronger models. Where some of the models
remained weak, we looked for other explanatory factors such as pomuatensity. We also

AEA OIT i A AAAEOEITT Al Agbl 1 OAOI OU xT OE 11 xEU
in strong models. This identified that within some of the segments we were seeing different

SIC divisions showing a positive relationship with #lanatory variables whilst others

showed a negative relationship which were cancelling each other out.

There are some opportunities to improve the industry groupings and explore some initial
analysis on this in sectioh4 below.

However, all the models developed and used in this report are robust, but some will have
wider uncertainty banddn addition the consistency of the approach across the WRZs within
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WRSE hbings additional benefits in comparing the results between zones and applying them
in a consistent way to the planning solution.

4.2 Uncertainty in predictions

We have estimated unknowns that may affect water consumption forecasts through
applying uncertaintis and scenariosround the baseline forecasts. We have estimated
uncertainties due to the data uncertainty and unexplained variahilapd applied these
across the forecastsuch that they grow in a gradual way over tinf@r tnknowns in future
projections we have used scenarios to estimate the future variability. We created scenarios
that include future variations in population, Brexmpacts, COVIBL9 impacts, MOSL data
quality, climate change and water efficiency. These are all explained in setdon

Theresult is some significant uncertainty around the future projections of -honsehold
consumption. For exampleat WRSE level, the results show ancertainty (including the
scenarios)n the starting point of the forecast aipproximately+22% and35%, with these
increasing tcapproximately+58% and39% by 2100.

The forecasts start from a base year of 28®and some of the early uncertainty wile due

to Covid19 impacts Within the baseline models CovilP causes a decline in the GVA
forecast from Oxford Economics in 2020/21, then a return to norimalvever we have shown

in section2.4.2that the effect on Covidl9 on demand is likely to be larger than this and so a
larger adjustment for Covid 9 is made in the scenario forecasts.

The scenarios are produced independently to the baseline forecast. The bagedinmkes
into account thefuture trend in the explanatory factord he scenarios allow us to that include
future variations in population, Brexit impacts, COVIR impacts, NDSL data quality,
climate change and water efficiency (these are all explained in detail in sezdpn

The central scenario isot intended to be the samas thebaseline but should be similar,
generally the baseline is slightly below central, and above the lower scefdr®aseline
forecastis the outcome of the timeseries linear modelling as described in best pragtide
sectionz, it is a prediction based just on the relationship between economic variables and the
historic consumption.The @ntral, and the upper and lower scenarios have additional data
and assumptions behind them. Central is the 50th percentile of all of the 729 different
combinations of assumptions aroun@ovid19, Brexit, water efficiency,climate change,
population changeand impact ofMOSL data The yper scenariois the 90th percentile and

the lower is the 10th percentile. Uncertainties have been provided around each of the
scenarios which have been based on modelling and data errors that are propagated through
the forecasts and scenarios.

Therefore companies may consider selecting a forecast which differs slightly from the

baseline, but within the scenario ranges, depending on their own local knowledge and
approach to risk.

4.3 Dataissues

As anticipated in the review staggsection1.4.) we found a range of data issues whilst
carrying out the work. These are discussed below.
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4.3.1 MOSL data

Thequality of the MOSL data had a direct impamt the quality of the forecastdVe found
some significant step changes tonsumptionin the years since 2017y the aggregate
consumption data and in annual reported datélost of these step changes are downward,
although for some WRZthey are in the ther direction.

Figure38to Figure40showexamples of big swings in reported ndrmousehold consumption
following 2016 for 3 WRZs from 3 different companies. In all cases the step changes in a single
year are greater than observed the historic company reported data. MOSL reported data

is in pink. In the first example the change is about 28% in one year, in the second two the
change is about 119%s the forecasts are rebased to the annual reported consumption in the
based year (@19-20), the accuracy of this data is important.

Figure 38 Example (ThamesSWOX) step change in reported nothousehold consumption post
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Figure 39 Example (SES Water) step change in reported nemousehold consumption post 2016
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Figure 40 Example (SEWMaidstone) step change in reported norhousehold consumption post
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MOSL ® no ® vyes

We have dealt with the uncertainty about the data since 2017 in two ways. Fwstlgdded
a flag tothe modelto indicate the MOSL datawhich allows the models to take into account
any step changes resulting from the transitiohretail separation.

Secondly,it would be useful to understand better whether the changes in the annual return
aggregated poperty level data from MOSL are a loitgrm change or &hort-term result of
data issues during retail separation./ 3, 6§ O OA b {20identifiels at tHareX dre
specific problems with long term uread meters and high numbers of vacant properties
(same with high consumption value®) Therefore we have included three future scenarios,

Report reference ARL395 52 © Artesia Consulting Ltd



Water Resources South EaSouthern Water al’tESIa

one where the data improves, one where it deteriorates and one where it stays as it is
currently.

For future forecasts, @ need to consider further whether can we make better adjustments
for the effects from retail separation, and consider if this is tiesv normal (e.g. due to the
redefinition of NHHs to HHS) or is it due to erroneous data, that will eventually be resdived.
might be useful to flag to MOSL, Ofwat and the Environment Agency the significance of
these data errors.

4.3.2 Matching pre and post MGL data

Another factor that impacts the modelling in data post MOSL is the standard industry
classification data. Data is often presented as a mix of SIC_1980, SIC_ 1992, SIC 2003 and
SIC_2007 and often the SIC codes presented cannot be matched accucatietydorrect SIC
classification. Improvements in this area of data quality would help modelling.

Some companies have better matching of properties and industry classifications pre and post
MOSL. This definitely helps build better models as there is a mooesistent set of time
series datdor modelling.

4.3.3 Property level consumption data

Not all companies were able to provide property level consumption data (sometimes it was
provided alreadyaggregated to industry code level

Having property level consumption dataproves the identification of large users and voids,

it improves consistency of data and allows for better quality checks on the data; all of which
will improve the model results. It would be better to havecansisent smaller set of
properties that are representative of an arethantry and reduce the overall sizef the
unclassified group.

For examplethe Affinity Water data set hatbwer coverage than some, but the data was

very consistentand tidy over time ard provides a good coverage of industry typddis
means that the variation that we observe is genuine and can be modelled better.

4.4 Industrial sector segments

Through analysing all the nehousehold data in the WRSE region feeind that theindustry
grouping recommended in thearlier review (sectiori.4.], whilst logical is probably too
coarseand is masking some of the genuine relationshiphis is based on what the data is
telling us.

When we examined th&9 SIC divisions and how they mapped onto the 5 industry groupings
we find that in some groupings there atempeing trends i.e. some are increasing and some
decreasingThis is also true for some of the explanatéagtor data (GVA and employment)
which was also provided at the 19 SIC division level.

We did some analysgarting with the 19 SIC divisions alwbked at grouping these together
so that explanatory factors haveoefficientsthat are in the intended direction and are
significant in the modellingPreliminary results of this are shownhkigure4L
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Figure 41 Exploring alternative industry groupingsfor each company
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In Figure41we show the impact of grouping th8IC divisions so that the explanatory factor
coefficients are in the correct direction and significant (new groupings on the right hand side
of each figure)and then show this against the original industry grouping on the left side of
the figure.

The groupings vary acrodise companiesbut there is some consistencgnd a version of this
process for the whole region is shownHigure42, with the existing grouping on the left and
the alternate grouping on the right

Figure 42 Exploring alternative industry groupings for the region
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This may be wih exploring further by taking the best and most consistent quality data from
across the region to provide a single data set.

We also found that there were other significant explanatory factors, in addition to the
econometricGVA and employment factor$Ve introduced a population density factor in the
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Southern Water model (which had a positive impact), and it is likely that there are other
factors that would improve models further.

45 \Weather

The outputs from thisnodellingare raw urnormalised forecasts of nehousehold demand,
calibrated to the reported values for AR 2019/20. This is in line with the scope of the project.
The Water Resource IBnning guidance does not specifically require companies to apply
weather factorsto non-household demand. Thepreliminary review ofnon-household
forecasting carried out bWRSE states that "Companies should include weather variables for
those industries and/or areas where this can be shown to be a significant factor in modelling
non-household consumption”.

Companies wishing to derive and apply Kivvrmal year)r DY(dry year)factors to thenon-
household demandorecastsderived in this project should consider the relative size of the
weather drivennon-householddemand (i.e. from lhe agricultural sector) in their region and
individual WRZs, compared to otheon-householdand total demand Theyshouldalso take
into account the quality of the data for deriving these factors.

4.6 Other improvements

There is clearly mimpact on the foreasts from the quality of the datalhere shouldbe
further work to help water companies improve the quality the data they use for forecasts. It
might be more cost effective to do this as a regional group, rather than individually.

The current best practie(developed in 1997) suggests teeonometric approach and this
has been applied quite consistently by individiwmpanies over the past few WRMPs
However, looking at the data from the WRSE companies across the rapiows that some
of these relationsips are quite weak and there might be alternatifiaeecasting techniques
that might be bettergiven the quality constraints on some of the dat&RSE (or all the
regions) should consider whether it wgorth carrying out some wider industry research to
evaluate alternate methods for modelling and forecasting.

Another option worth considering ia greater level of aggregation within the WRSE region.
In this study we have modelled each compamysistently, but independently. We have seen
that there are limitdions in the data, and it might be possible ltmok at all the WRZs across
the region and group together WRZs based on how their -honsehold consumption
behaves (as opposed tocampany geographical boundary). This may allow more data to be
pooled, and when combined with a more sophisticated approach to groujmadgstrial
sectors(section4.4), this may result in sbnger models being developed.
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5 Conclusions

We have produced a set of ndrousehold demand forecasts for all 37 water resource zones
in the WRSE region from 204820 out to 20992100.These are presentefbr metered and
unmetered propertiesat company level water resource zone level and diggregated by
industrial sector.

The approach used follows existing industry best practice, taking into account the
recommendations from a review of nemousehold demand forecdisig methods carried out

by WRSE in early 2020. Robust multiple linear models have been produced for 4 cohorts of
industrial sectors for each company in WRSE, using explanatory factors that include
population, gross valuadded metrics, employment rates,gpulation density and other
factors.

Since the last set of nehousehold forecasts were completed for WRMP19, the -hon
household retail sector has undergone a transformation with the introduction of retail
competition. A significant impact from this is thanetered norhousehold consumption data

is now the responsibility new retailers, managed by the new Market Operator Services Ltd
(MOSL). We have observed a change in data quality and consistency since the change in 2017.
This has complicated the modellin@vhich relies on a consistent set of time series data) and
has increased the uncertainty around the demand forecasts. This has been taken into account
in the models, uncertainty and scenario estimates.

The first year of the forecast (2020) has seen apracedented change in nehousehold
demand due to the policies introduced to combat the COMI® pandemic. Thiscreases
uncertaintygoing forward as we still do not fully understand what the enduring impacts will
be from changes in working practices, suas increased working from home. Therefone
have included the COVHD9 impact in the scenarios and uncertainty estimates.

The sector also faces a number of future unknowns in demand fromhomiseholds, such as
population change, Brexit, climate chaagand how water efficiency will be delivered in the
non-household sector. Thereforethese have also been included in the scenario and
uncertainty modelling.

The overall conclusion is that ndrousehold demand in the WRSE region at the start of the
planning period (2025), is predicted to be 921 MI/d within an overall range of 594 to 1121 Ml/d.
This is predicted to increase by the end of the planning period (2100) to 1032 Ml/d (an increase
of 111 Ml/d) within a range of 630 Ml/d to 1637 Ml/d.

We have also @de a prediction of the amount of ngpublic water supply (noiPWS)
demand in the WRSE region and how this might change over the planning period. The non
PWS demand includes all existing abstractions used formamsehold demand plus any new
authorisatiors since February 2019. This is broken down by sector and water resource zone.
Overall for the WRSE region, the current estimate of #WS norhousehold demand of

183 Ml/d in 20120 is predicted to increase to 218 Ml/d by 2050. Due to the uncertainkhein t
data we have held the forecast flat for the remainder of the planning period.

We have identified a number of improvements that could be implemented for future
forecasts, and these are included in the recommendations.
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6 Recommendations

Companies in WRSHasuld use the baseline and scenario forecgstssented in this report
to selectan initial WRMPbaseline forecastor the metered and unmetered norhousehold
demand forecastinesinOEA %1 OEOT T 1 AT O ' CAT AU8O xAOAO

We have preseted the forecasts from a base year of 2620. Theintermediateyears2020-

21 through to 20245 are presented for information prior to the start of the planning period
in 202526. These intermediate years are potentially volatile with a number of unknowns
around the impact of the COVHD9 pandemic and thempact from Brexiton non-household
consumption.Therefore we recommend that the baseline and scenario forecastaaated
prior to the submission of the final water resource management plans.

For the first time we have presented dnitial view ofnon-PWS forecastsWe suggest these
should be useds an upper limifor the amount ofnon-PWSdemand that could switch to
PWS undedrought conditions.

During the course of the work to develop the nbpusehold demand forecasts we have
identified a number of potential improvements txhieve more accurat®recasts. These are
set out below.

WRSE shoulohform MOSL of themportanceof getting consistent good quality data on nen

household consumptiorior forecasts.- / 3, 8 O OA bR0identi#ES that teteXare

specific problems with long term uread meters and high numbers of vacant propestie

These have caused some volatilitythe consumption data since the introduction of market
reform, which have impact on the robustness of future forecasts

The ability to allocate nofhouseholds tospecific industry sectors through tools suakSIC

or AddressBase Premium also aitlie robustness of forecasts. Across tW¢RSE there is
quite a bit of variability in the proportion of properties that need to be placed in the
001 Al ACOEEEAASG OA A@hi® or Adifbili) of ndodsehdlddskdtoE O U
classificationsCompanies iINWRSE shoulthvestigate the most efficient way of improving
this information for future forecastsNote, it isimportant that there is goodquality and
consbtencyof data oveitime for a good coverage of industry types/hichin turnmeans that

the variation that we observe is genuine and can be modelled better

WRSE shouldonsider investigating different industrial sector groupings than thes&ected

for use in this study. We have done some preliminary analysis that shows there are potentially

better sectorgroupingsthat could improve the quality of the modeutputs.

OAOT O

4EA AT 1T OEOOAT AU T £ ADPDOIT AAWRSE ibehefitiah Ativielilas AAOT 00

looking at improved sector groupings, we recommend investiggtihe grouping of WRZs
based on how their norhousehold consumption behaves (as opposed to a company
geographical boundary)This may helgo overcome some of the data limitations.

Theforecast modelling in this study has beearried out using dunctional programming
approach thatllowsforecasts to be run and evaluated more efficiently. This apprcaidws
forecasts to be produced more frequently, potentially sabnually, as data is updated
more continuous forecasting approach would remove the sli&gp transitions between MP
forecasts and could improve the robustness of the forésathe functional approach would
also allow for different sectors grouping or WRZ grouping to be applied quickly and
efficiently.
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Appendix A: Southern Water modelling results

Note this appendix is presented landscape format to improve the presentation of the grapliststly we present the WRZ graplisr metered and
unmetered NHH consumptionalong with thescenario graphs. The we present the sector grafdrtseach WRZThen we present the MLR (multi linear
regression model metrics for each section to identify the drivers for the forecast in each Ehar.we present the calibration factors for each WRZ and
sector. A full set of graphs andbulated sets ofearly forecasts for PWS and ndhWS demand are hosted on the WRSE SharePoint site.
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Hampshire Andover: Measured and unmeasured non household demand
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Overview of WRZ results
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Southern Water - central

Hampshire Andover: Total non household demand
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