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EXECUTIVE SUMMARY 

This report describes the development of baseline household consumption forecasts 
for South East Water’s Water Resources Management Plan 2020 to 2080. It explains 
how forecast per capita consumption (PCC) rates have been estimated. It does not 
address the calculation of population forecasts or household volumetric demand 
forecasts, as these are described elsewhere.  
 
The forecasts presented in this report are for the “baseline” position and so do not 
include the substantial further reductions in PCC that will result from the demand 
management options that comprise the Company’s preferred plan. The impacts of 
such measures are included in the final planning demand forecasts. 
 
National guidance and good practice methods have been followed to calculate 
household consumption rates. The ten steps and good practice guidance in the 
UKWIR/Environment Agency‘s “Household Consumption Forecasting Manual” have 
guided the approach and calculations. 
 
The Environment Agency expects water companies to “understand current behaviours 
and attitudes to water use and report these through use of micro-components in water 
resources planning tables”. South East Water has achieved this by carrying out a 
detailed customer survey of water use by a sample of 14,374 customers and 
undertaking micro-component assessment of consumption. Micro-component analysis 
was chosen by South East Water as the preferred method for forecasting future 
consumption rates because: 
 

 Micro-component modelling provides results which directly satisfy Environment 
Agency guidance 

 The results can be directly entered in the reporting tables 

 It is a well-established method, which has been widely used by South East 
Water and other UK water companies 

 It makes transparent assumptions about how ownership and usage of each 
appliance are expected to change in the future 

 National good practice guidance exists on how to undertake it  

 It does not require detailed modelling of past consumption. In South East 
Water’s case this would be affected by the major metering programme in recent 
years and changing PCC levels, which would make year-to-year comparisons 
of PCC values difficult to achieve on an accurate basis. 

 
PCC forecasts have been developed for a range of weather scenarios, and the 
sensitivity of PCC forecasts to assumptions has been investigated. It is expected, for 
example, that water use by toilet flushing and clothes washing machines will reduce in 
the future as more efficient appliances are used and technological improvements 
occur, whereas water use for showering is expected to increase as showering is used 
more frequently.  It is predicted that baseline average PCC in a dry weather year will 
reduce from the base year (2017/18) level of 154 l/h/d to 140 l/h/d at 2044/45. The final 
planning forecasts shown in the Main Report present much greater reductions as they 
include the impacts of the proposed additional demand management actions. 
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1.0 INTRODUCTION 

1.1. Purpose 

This report (Appendix 5C) describes the analysis that has been carried out by South 
East Water to derive its baseline household consumption forecasts for the Water 
Resources Management Plan (WRMP) 2020 to 2080. The primary focus is on 
calculating base year and future per capita consumption (PCC) values which are 
expressed in terms of litres per head per day (l/h/d). 
 
This report does not address the forecasting of household property and population 
numbers as these are described elsewhere (Appendix 5A). The use of household 
consumption forecasts and population/property forecasts to calculate household 
volumetric demand forecasts is described elsewhere (Appendix 5) and so is not 
covered in this report. 
 
The same approach for household consumption forecasting has been applied to each 
of South East Water’s eight water resource zones (RZs). However, for ease of 
presentation, most of this report presents data and results for just the whole company. 
Summary PCC forecasts for each water resource zone are presented in Section 5.1. 
 
This report should be read in conjunction with other WRMP technical reports: 
 

 Appendix 5. Baseline demand forecast  

 Appendix 5A. Household and population forecasting (prepared by Experian for 
South East Water) 

 Appendix 5B. Derivation of micro-component values for household per capita 
consumption forecasting 

 
1.2. Report structure 

 Section 2 describes the methodology that has been used to calculate 
household consumption forecasts  
 

 Section 3 explains how micro-component forecasting of PCC has been 
undertaken and the data sources used  
 

 Section 4 explains how the impacts on water consumption of weather variations 
and climate change have been estimated  
 

 Section 5 presents summary PCC results including micro-component PCCs
  

 Section 6 presents a list of references.  
 

1.3. Changes since Draft WRMP 

There have been no changes in methodology for the calculation of demand forecasts 
since the Draft WRMP. 
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The following changes have been made to the household consumption forecast data 
since preparation of the Draft WRMP (December 2017): 
 

 The base year for PCC forecasting for each water resource zone has changed 
from 2016/17 to 2017/18 so that the data from the most recent complete year 
can be used.  

 The high peaking in demands experienced during the extreme hot, dry weather 
during June and July 2018 has been used in the estimation of forecast peak 
week household consumption levels.  

 The PCC forecasts after 2044/45 for each micro-component have been more 
closely aligned with trends prior to 2044/45. 

 
The impact of these changes on average PCC forecasts for the whole company is 
illustrated by the following graph. There are very small changes to 2044/45 and 
improved profiles after 2044/45. 
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2.0 METHODOLOGY 

South East Water’s calculation of household consumption forecasts has been carried 
out in accordance with national guidance as set out in: 
 

 Water Resources Planning Guideline (Environment Agency et al, 2017a) 

 Household Consumption Forecasting Manual (UKWIR/Environment Agency, 
2015) 

 
The Water Resources Planning Guideline (in Section 5.4) expects water companies to 
“understand current behaviours and attitudes to water use and report these through 
use of micro-components1 in water resources planning tables”. South East Water has 
achieved this by carrying out a detailed customer survey of water use and undertaking 
micro-component assessment of consumption, as described in Section 3. 
 
The Household Consumption Forecasting Manual describes good practice and sets 
out 10 steps, summarised in Figure 1. The way in which South East Water has carried 
out these 10 steps is described below (Sections 2.1 to 2.10). 
 
In addition, UKWIR and the Environment Agency have recently (2016) published a 
report on how to integrate behavioural change in demand forecasting. We have applied 
the principles in the framework approach as described in Section 2.11.   
 
National good practice methods for undertaking specific elements of the calculations 
have also been followed: in particular micro-component forecasting in Section 3 and 
weather and climate changes effects on consumption in Section 4. 
 

2.1. Step 1. Review the big picture 

South East Water has undertaken a problem characterisation (see WRMP19 
Supporting Appendix 1B) which has identified that the company has a range of 
significant concerns due to several water resource zones having supply-demand 
shortfalls and future uncertainties could have a significant impact on investment needs 
to balance supply and demand. Therefore, comprehensive demand forecasting 
methods in accordance with national good practices are required. 
 
  

                                                
1  There are six components of household consumption that are to be reported: 

 Toilet flushing  
Personal washing (i.e. showering, bathing and handwashing) 
Clothes washing 
Dishwashing 
Miscellaneous internal use 
External use 
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Figure 1. Overview of household demand forecasting method (from UKWIR/ 
Environment Agency, 2015)  
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2.2. Step 2. Review and collect consumption and other data 

South East Water collects household consumption data at household level for 
measured households and unmeasured households. The company uses the per 
household consumption data together with average occupancy data to calculate 
forecasts on a per capita consumption (PCC) basis. 
 
Average household consumptions (i.e. average measured household PCC and 
average unmeasured household PCC) in the base year (2017/18) were derived for 
each water resource zone by South East Water’s formal annual reporting process for 
2018. This has been subject to a separate quality assurance process. The values are 
summarised as follows: 
 
Table 1. Base year (2017/18) average PCC by resource zone  
 

Water resource 
zone 

Measured household 
PCC (l/h/d) 

Unmeasured household 
PCC (l/h/d) 

RZ1 136.7 192.8 

RZ2 141.8 210.8 

RZ3 142.6 191.0 

RZ4 148.1 190.5 

RZ5 146.2 173.7 

RZ6 130.0 176.0 

RZ7 136.7 156.2 

RZ8 137.9 161.5 

Whole company 
average 

141.5 183.8 

 
 
The base year PCCs for measured households were estimated from the metered 
volume records from the company’s billing system, after adjusting for meter under-
registration and supply pipe leakage at externally metered homes, and applying the 
estimated average occupancy of measured homes in each resource zone. 
 
The base year PCCs at unmeasured households were estimated from the company’s 
unmeasured household consumption monitor. The monitor measures the volume of 
water supplied to some 30 small discrete areas, each serving 300 to 2000 households. 
Unmeasured household consumption is estimated in each case by deducting the 
consumption at measured households and leakage in each area. 
 
The average occupancy values for households in each water resource zone were 
calculated from the Experian study of property and population forecasts (see Appendix 
5A) and the quality assurance process for the formal annual reporting by South East 
Water. 
 
Historic records of water demand were obtained to enable various investigations, in 
particular the effect of weather on demand and the extent of peaking in demand (see 
Section 4). 
 
In 2016 South East Water undertook a detailed customer survey. Detailed information 
on current appliance ownership and usage was obtained from 14,374 household 
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customers (11,165 measured homes and 3209 unmeasured homes). This provided 
good data to understand current water usage characteristics. 
 

2.3. Step 3. Decide which factors are important 

As summarised in Table 2, South East Water has considered each of the primary 
factors that the UKWIR/Environment Agency manual (2015) identifies as commonly 
influencing household water use. 
 
Table 2. Factors that influence water use 
 

Factor How South East Water addressed this 
factor 

Meter status 
(In particular unmeasured households 
tend to use significantly more water than 
measured households) 

By segmenting customers according to 
meter status (see Section 2.4) 

Occupancy 
(Homes with higher occupancy tend to 
use more water, but have lower average 
PCC than those with few occupants)  

By assessing relationships between 
occupancy and water uses (as referred 
to in Section 3.1 and described in 
Appendix 5B) 

Socio-demographic classification 
(In particular water use tends to be 
higher at homes in affluent areas than in 
poorer areas) 

There is a strong correlation between 
property type and socio-demographic 
classification. Some water companies 
use socio-demographic classification 
and some use property type to examine 
how households of the same meter 
status and occupancy may have different 
consumption rates. South East Water 
uses property type (see below). 

Property type 
(In particular detached homes tend to 
use more water than terraced houses or 
flats) 

Although there are marked differences in 
average PCCs between different 
property types, and often there are 
increasing numbers of flats being built, 
the property profile for each RZ is not 
expected to change substantially. As a 
result PCC forecasts at RZ level are fairly 
insensitive to property type profiles (see 
Section 5.2).  

Technology 
(For example, new toilets, clothes 
washing machines and dishwashers are 
more water efficient than in the past) 

By estimating the take up of more water 
efficient appliances in the future, in 
particular by examining published 
forecasts (see Section 3) 

Behaviour 
(For example, more people are using a 
shower instead of a bath for personal 
washing, and dishwasher ownership is 
increasing) 

By estimating how customers are 
expected to change their ownership and 
usage of appliances in the future, in 
particular by examining published 
forecasts (see Section 3) 

 
 
 



 

 
Not confidential. Author: Richard Critchley  PAGE 10 
Appendix 5C Household consumption forecasting 190813 v3.0 
 

WRMP19 Appendix 5C  
Household consumption forecasting 

August 2019 

2.4. Step 4. Decide how to segment your household customers 

Segmentation involves dividing households into categories which have distinctly 
different water consumption characteristics to each other. A separate forecast is 
derived for each segment. 
 
South East Water has segmented household customers according to meter status in 
four categories: current measured, new build measured, switcher from unmeasured 
(compulsory or voluntary), and those remaining unmeasured. 
 
Segmentation by meter status has been chosen because: 
 

 Customers are defined on the billing system according to their meter status 

 There are differences in consumption levels and occupancy rates 

 The future numbers in each meter status category (and movements between 
categories) can be derived by reference to the company’s metering 
programme. 

 

2.5. Step 5. Decide on a forecasting method 

The UKWIR/Environment Agency manual (2015) describes a range of possible 
forecasting methods including regression modelling, macro-component modelling, 
variable flow methods, micro-component modelling, trend-based models and micro-
simulation. The use of micro-component analysis for forecasting future consumption 
was chosen by South East Water as the preferred method because it has the following 
important advantages:- 
 

 Micro-component modelling provides results which directly satisfy Environment 
Agency guidance 

 The results can be directly entered in the reporting tables 

 It is a well-established method, which has been widely used by South East 
Water and other UK water companies 

 It makes transparent assumptions about how ownership and usage of each 
appliance are expected to change in the future 

 National good practice guidance exists on how to undertake it (UKWIR, 2012) 

 It does not require detailed modelling of past consumption. In South East 
Water’s case this would be affected by the major metering programme in recent 
years and changing PCC levels, which would make year-to-year comparisons 
of PCC values difficult to achieve on an accurate basis. 

 
It should be noted that there are some disadvantages with micro-component analysis. 
In particular it requires a large number of judgement assessments of how the 
ownership and usage of individual appliances will change in the future. There is 
therefore large uncertainty in forecast PCC values. However, all PCC forecasting 
methods are subject, in various ways, to substantial uncertainties. 
 

2.6. Step 6. Determining starting values 

As described in Section 2.2, base year (2017/18) PCC levels were derived by the 
formal annual reporting process. 
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A weather-demand modelling study (Met Office, 2017) has been undertaken by the 
Met Office and HRW on behalf of South East Water. It developed statistical models of 
how fluctuations in weather affect household water demand in each water resource 
zone. The results were used to adjust base year and forecast PCCs to calculate 
household water consumption under normal year, dry year and critical period 
conditions.  
 
The development of weather-scenario PCC forecasts is described in Section 4. 
 

2.7. Step 7. Data analysis, modelling and validation 

South East Water’s assessment of micro-component PCC forecasts included 
identification of current and future levels of appliance ownership and usage, and 
modelling how usage varies with factors. The results were validated by checking for 
consistency with published data from external sources and previous South East Water 
assessments. 
 
The development of micro-component PCC forecasts is described in Section 3, and 
presented in more detail in Appendix 5B. 
 

2.8. Step 8. Determine uncertainty 

It is widely recognised that PCC forecasts are uncertain, due to uncertainties in: 
 

 The level of ownership of future appliances 

 The rate of future technological developments 

 The way people will use or conserve water in the future 

 The possibility of new, additional water uses in the home. 
 
It is very difficult to quantify these uncertainties without making a lot of guesses. South 
East Water has defined upper-bound and lower-bound baseline PCC forecasts. These 
assume that future PCC levels at 2044/45, if there were no interventions such as those 
included in the preferred demand management options, will be between +10% and -
5% of the main forecast. The range of upper and lower forecasts have been used in 
the risk-based option appraisal modelling for the WRMP to investigate a wide range of 
plausible supply-demand balance futures. 
 
Uncertainties in PCC forecasts are investigated in Section 5.2. 
 

2.9. Step 9. Calculate baseline household demand forecasts 

The baseline PCC forecasts calculated by Steps 1 to 8 take account of existing plans 
for household metering and water efficiency. They have been combined with 
population forecasts to calculate household demand forecasts, as shown in Appendix 
5. 
 

2.10. Step 10. Take account of final plan demand management 

The effects of household metering or water efficiency options in the final plan (i.e. 
additional to baseline measures) on PCC levels have been incorporated in the final 
plan PCC forecasts. 
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2.11. Integration of behavioural change principles 

In addition to following the guidance in the Household Consumption Forecasting 
Manual, we have applied the principles in Integration of Behavioural Change into 
Demand Forecasting and Water Efficiency Practices (UKWIR/Environment Agency, 
2016). The framework approach includes: 
 

 Use of analyses that are commensurate with the level of concern for the water 
resource zone(s) as determined by the problem characterisation: South East 
Water has a medium level of concern as reported in WRMP19 Supporting 
Appendix 1B  
 

 Undertaking detailed customer surveys to understand customer behaviour in 
the way water is used in the home – we surveyed 14,374 household customers 
as described in Section 3  
 

 Application of scenarios, in cases of medium or high level of concern, to test 
alternative assumptions of water use – we have investigated upper and lower 
scenarios (see Sections 2.8 and 5.2) which have been used in our risk-based 
option appraisal modelling; and we have examined the sensitivity of PCC 
values to different assumptions about water use (Section 5.3)  
 

 Where appropriate, undertake statistical modelling to find relationships 
between water use and possible explanatory factors. We developed a model 
that related the water consumption at the 11,165 measured households in our 
customer survey with occupancy, property type, appliance ownership and 
water usage factors. However, few factors were found to be statistically 
significant and the overall relationship was very weak with only 20% of the 
variation in consumption being explained. The number of occupants was found 
to be the most statistically significant factor. We decided to take account of 
occupancy effects by using (stronger) relationships from the customer survey 
data of how the frequency of appliance use was influenced by occupancy (see 
Section 2.3). Property type was also a significant factor but the effect of 
changing property type profiles is small as explained in Section 2.3. The 
ownership of dishwashers, garden hosepipes and swimming pools were 
significant factors but are taken into account in our micro-component analysis. 
For these reasons, in particular the weakness of the model, it was not 
appropriate to use the model of consumption and potential explanatory factors. 
Our study is consistent with many other studies that show that water use in the 
home is highly variable and as yet is difficult to fully explain. 
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3.0 MICRO-COMPONENT FORECASTING OF 

PCC 

3.1. Approach 

Micro-component analysis estimates the consumption rates associated with each 
component of household consumption (e.g. toilet flushing, clothes washing etc.). 
Usually micro-component values are calculated for each appliance type by multiplying 
estimates of: 
 

 % ownership of appliance (O) 

 Average frequency of use (F) 

 Average volume per use (V) 
 
Hence PCC estimates are derived as the sum of micro-component estimates across 
the appliance types: 
 

PCC = ∑OiFiVi  where i denotes an appliance type 
 

Micro-component analysis has the benefit of using explicit assumptions about how 
customer behaviour may change in the future, but has the disadvantage that many 
assumptions or judgement calls may be required.  
 
South East Water has undertaken micro-component analysis in accordance with 
national good practice principles as described by UKWIR/Environment Agency (2012), 
in particular: 
 

 Level of analysis required – An intermediate or high tier of analysis has been 
used where possible as South East Water has some issues with resources 
possibly requiring major investment. Therefore, extensive data has been 
obtained from customer surveys and published external sources to support 
detailed analysis. Relationships between factors have been modelled to allow 
for variations in factors through time, in particular occupancy. The analyses are 
described in Appendix 5B.  
 

 Micro-component categories – Each of the six components2 to be reported 
in the Water Resources Planning reporting tables have been assessed in detail. 
Where appropriate sub-components have also been assessed (e.g. showering 
and bathing as separate sub-components of personal washing). 
 

  

                                                
2 There are six components of household consumption that are to be reported: 

 Toilet flushing  
Personal washing (i.e. showering, bathing and hand washing) 
Clothes washing 
Dishwashing 
Miscellaneous internal use 
External use 
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 Accounting for segment transition – Household customers have been 
segmented by meter status into four categories3. This enables account to be 
taken of the differences in appliance ownership and usage of the categories, 
changing occupancy levels, and the future transition between categories.  
 

 Assessment of the effect of new Building Regulations – One of the 
segment categories is new build households so that they can be assessed 
separately. Base year PCC of new build homes has been estimated from the 
metered consumption level of recent new homes as recorded on the company’s 
billing system. The analysis has not used the 125 l/h/d standard, based on fitted 
appliances, in the Building Regulations as there is concern that actual PCC can 
vary significantly from the standard, and the standard covers internal use only. 

 

 Comparison of micro-component forecasts against regression-based 
approach – Validation of the PCC forecasts has been undertaken as described 
in Section 5.3.  
 

 Determining external use component – Alternative methods for estimating 
external water use have been considered and compared (see Appendix 5B) 
including OFV estimates and monitored volumes of external tap use by WRc. 

 

 Specific identification of plumbing losses – Plumbing losses have been 
estimated and added to the miscellaneous internal water use component. 
 

3.2. Data sources 

A wide range of data sources have been used (as described in Appendix 5B). The 
following have provided the main sources of data for deriving appliance ownership and 
usage values: 
 

 South East Water’s 2016 customer survey – Detailed information on current 
appliance ownership and usage was obtained from 14,374 household 
customers, comprising 11,165 measured homes and 3209 unmeasured 
homes. This provides a robust understanding of current O, F and V values and 
other usage characteristics.  
 

 WRc’s 2012 compendium of micro-component values (WRc, 2012) – This 
document was prepared for South East Water and provides O, F and V values 
based on various micro-component monitoring studies for several water 
companies since 2002. It therefore provides a good source of data to compare 
with South East Water’s or to fill in gaps.  
 

 Defra’s Market Transformation Programme (MTP) reports – During 2010 to 
2012 the Market Transformation Programme published various documents that 
describe past and potential future ownership and usage of domestic 
appliances. They were based on detailed studies of available data from within 

                                                
3 Four meter status segments have been defined: 

 Current measured (i.e. those homes that are measured at 2016/17) 
 New build measured (i.e. all future new homes) 
 Switcher measured (i.e. compulsory and voluntary switching to metering in the future) 
 Unmeasured (i.e. those remaining unmetered) 
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the water and energy industries, and appliance supplier organisations. They 
provide useful national base data which can be compared with South East 
Water and WRc data. They also provide an important reference for future 
trends in O, F and V values. 

 
Household water consumption in the South East Water area can be expected to be 
markedly higher than national averages because of the relative high affluence and 
warmer/drier summer weather. 
 
More details of the data sources and how they have been used and compared to derive 
micro-component O, F and V values are given in Appendix 5B. The data and trends 
presented in that document have been used to calculate micro-component PCC values 
as summarised in the table below.  
 
 
Table 3. Summary of micro-component PCC values 
 

Component Item Estimation of  value for 
2016 

Estimation of future 
trend 

Toilet flushing O 100% (MTP) Stay at 100% (MTP) 

F 4.71 flush/head/d (MTP) Stay  as current (MTP) 

V 6.0 l mHH   
5.25 l new build 
6.7 l umHH 
Average values based on 
toilet types in SEW 
customer survey 

Reduce by 0.96 l per 
flush by 2044/45 (MTP) 

PCC 
(before 

reconciliation) 

2016/17: 
28 l/hd/d mHH 
25 l/hd/d new build 
32 l/hd/d umHH 

2044/45: 
24 l/hd/d mHH 
20 l/hd/d new build 
27 l/hd/d umHH 

Showering O 99% (SEW)  Stay at 99%  

F 1.5 use/prop/d (SEW)  Increase in future with 
reducing average 
occupancy 

V 42 l mHH  69 l umHH 
Average values based on 
shower types in SEW 
customer survey 

Stay as current (MTP) 

PCC 
(before 

reconciliation) 

2016/17: 
24 l/hd/d mHH 
24 l/hd/d new build 
35 l/hd/d umHH 

2044/45: 
26 l/hd/d mHH 
26 l/hd/d new build 
43 l/hd/d umHH 

Bathing O 56% mHH   60% umHH 
Users of bath from SEW 
customer survey 

Reduce by 17% by 
2044/45 (MTP) 

F 0.57 use/prop/d mHH   
0.60 use/prop/d umHH 
SEW customer survey 

Reduce in future with 
reducing average 
occupancy 

V 72 l mHH  85 l umHH 
(MTP and WRc) 

Stay as current (MTP) 

PCC 
(before 

reconciliation) 

2016/17: 
15 l/hd/d mHH 
15 l/hd/d new build 
17 l/hd/d umHH 

8 l/hd/d mHH 
8 l/hd/d new build 
10 l/hd/d umHH 
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Component Item Estimation of  value for 
2016 

Estimation of future 
trend 

Clothes washing O 84% washing machine 
14.6% washer dryer 
(SEW) 

Stay as current (MTP) 

F 0.6 use/prop/d (SEW) Reduce in future with 
reducing average 
occupancy 

V 60 l washing machine 
114 l washer dryer 
Average values based on 
age profiles of washers in 
SEW customer survey 

Reduce in future with 
improved efficiency 
(MTP) 

PCC 
(before 

reconciliation) 

2016/17: 
23 l/hd/d mHH 
19 l/hd/d new build 
23 l/hd/d umHH 

2044/45: 
21 l/hd/d mHH 
17 l/hd/d new build 
21 l/hd/d umHH 

Hand 
washing 

2.25 l/prop/d mHH 
3.5 l/prop/d umHH 
(SEW) 

Stay as current 

Dishwashing O 62% mHH  53% umHH 
(SEW) 

Increase by 2% by 2020 
(MTP) 

F 0.65 use/prop/d mHH   
0.67 use/prop/d umHH 
(SEW) 

Reduce in future with 
reducing average 
occupancy 

V 17.2 l 
Average values based on 
age profiles of 
dishwashers in SEW 
customer survey 

Reduce by 3.9 l by 
2044/45 (MTP) 

PCC 
(before 

reconciliation) 

2016/17: 
9 l/hd/d mHH 
9 l/hd/d new build 
9 l/hd/d umHH 

2044/45: 
9 l/hd/d mHH 
8 l/hd/d new build 
11 l/hd/d umHH 

Hand 
washing 

15.1 l/prop/d mHH 
22.4 l/prop/d umHH 
(SEW) 

Stay as current 

Miscellaneous 
internal use 

Volume per 
day 

79 l/prop/d mHH 
106 l/prop/d umHH 
(MTP and SEW) 

Stay as current 

External water use Volume per 
day 

31 l/prop/d mHH 
50 l/prop/d umHH 
(SEW) 

Stay as current 

 
Abbreviations used in Table 3: 
 

 Sources of information: MTP = Market Transformation Programme (2010 to 
2012); SEW = South East Water customer survey (2016) or SEW assessment 
(Appendix 5B); WRc = WRc compendium (2012); in other cases judgements 
were made with reference to available data sources 

 

 Property types: mHH = measured households; umHH = unmeasured 
households 
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 Micro-component items: O = ownership; F = frequency of use; V = volume per 
use; PCC = per capita consumption 
 

 Units: l = litres; prop = property; h = head; d = day 
 

3.3. PCC reconciliation 

The base year for the micro-component analysis was 2016, consistent with the Draft 
WRMP. The calculation of “initial” PCC values before reconciliation is unchanged since 
the Draft WRMP, but the PCC reconciliations for the final WRMP (described below) 
has been undertaken on 2017/18 data as this is the demand forecasting base year for 
the final version WRMP. 
 
It is necessary to reconcile the “initial” PCC values for 2017/18, obtained from the 
preceding analysis, for each meter status category to match the total PCC values 
derived by the base year (2017/18) formal annual reporting. Reconciliations are 
needed for each water resource zone. 
 
Therefore, the micro-component PCC values have been adjusted to achieve 
reconciliation. The adjustments have been calculated according to the magnitude of 
each micro-component PCC and its relative uncertainty, which has been assessed 
using professional judgement and reference to WRc monitoring data. Reconciliation of 
PCC values is in accordance with good practice (UKWIR/Environment Agency, 2012). 
An illustrative example is shown in Table 4. 
 
Table 4. Example of PCC reconciliation 
 

Micro-component Initial PCC for 
base year (l/h/d) 

Adjustment (l/h/d) Final PCC for 
base year (l/h/d) 

Toilet flushing 28.1 -0.2 27.9 

Shower use 23.6 -0.4 23.2 

Bath use 15.3 -0.2 15.0 

Clothes washing 23.0 -0.4 22.6 

Dishwashing 9.1 -0.1 9.0 

Other internal use 33.1 -2.6 30.6 

External use 13.0 -1.0 12.0 

Total 145.2 -4.9 140.3 

Total PCC 
according to 
annual reporting 

140.3 
 

 

Variance needing 
to be reconciled 

-4.9 
  

 
It is important to note that the ownership (O), frequency of use (F) and volume per use 
(V) values are not recalculated after the reconciliation. Similarly, the subsequent 
changes to PCC values for calculation of weather scenarios, climate change effects or 
metering effects are not applied to the O, F and V values. This is for three reasons: (a) 
it is difficult to know which values (O or F or V or all three) should be changed; (b) it 
would be difficult to track the changes occurring; and (c) it is not necessary as only 
PCC values need to be reported. 
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3.4. Metering effects 

South East Water is part-way through its compulsory metering programme whereby 
about 90% of households will be metered by 2018/19. Therefore, some of the 
households that currently remain unmeasured will be compulsorily switched to a 
measured basis. Also a small number of households will continue to voluntarily opt to 
be metered. 
 
Future “switchers” have been considered as a single customer segment. Their PCC 
forecasts have been estimated as an 18% reduction on the unmeasured household 
PCC forecasts, based on South East Water studies of the average impact of metering 
on household customer water use.  
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4.0 WEATHER AND CLIMATE CHANGE EFFECTS 

ON PCC 

4.1. Weather effects 

Variations in weather can have a strong influence on customer demand, in particular 
household consumption. For example, during periods of wet weather in summer 
months, customers tend to do little garden watering and so consumption may be similar 
to winter levels. In contrast, dry conditions accompanied high temperature in spring or 
summer can increase customer consumption on garden watering and other external 
water use. This has been observed by many studies including UKWIR (2013). 
 
It is usual practice to calculate water demands for the following weather-related 
scenarios: 
 

 Normal year annual average demand (NYAA) 

 Dry year annual average demand (DYAA) 

 Dry year critical period (peak week) demand (DYCP) 
 
The Water Resources Planning Guideline (Environment Agency, 2017a) requires 
water companies to report DYAA and DYCP values (where applicable). 
 
The UKWIR/Environment Agency manual (2015) identifies a range of possible 
approaches for the calculation of weather effects. One of the most rigorous approaches 
involves statistical modelling of how past fluctuations in weather have affected 
household demand.  
 
A weather-demand modelling study has been undertaken by the Met Office and HRW 
(previously known as Hydraulics Research Wallingford) on behalf of South East Water. 
It developed statistical models of relationships between weather parameters and 
household water consumption in each water resource zone. The results were used to 
calculate the following factors for each water resource zone: 
 

 NYAA factor – Factor to adjust 2016/17 annual average household demand to 
normal weather year conditions. This recognises that 2016/17 was not a normal 
weather year, but was between a normal year and dry year.   
 
The Met Office and HRW study found that the weather parameters that had 
greatest effect on household water demand are firstly maximum temperature 
and sunshine hours. Other studies have found that rainfall also has a significant 
impact. Summer 2017 was warmer and sunnier but also wetter than summer 
2016, and it was concluded that the same factors as derived by the modelling 
study for 2016/17 should be also applied to 2017/18.  
 

 DYAA factor – Dry year uplift factor to adjust normal weather year demands 
(NYAA) to dry year demands (DYAA).  
 

 DYCP factor – Factor used to calculate the peak week demand in a dry year. 
The factor for each water resource zone has been adjusted for the final version 
WRMP to take account of and align with the peak demands that occurred during 
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the exceptionally hot weather in June/July 2018. The weighted average DYCP 
factor for the whole company is unchanged from the Draft WRMP. 

 
Therefore, for example: 
 

 NYAA demand  =  Base demand * NYAA factor 

 DYAA demand  =  NYAA demand * DYAA factor 

 DYCP (peak week) demand  =  DYAA demand * DYCP factor 
 
In order to calculate these factors, specific years were chosen as reference normal 
year and dry year: 
 

 The year 1969/70 was selected as the reference normal year for assessing 
“Normal year annual average (NYAA)” demand. It had been hoped to use a 
more recent year, for example 2012/13 as used in the 2014 WRMP, but it was 
found that the weather-demand characteristics of 1969/70 has the “most 
normal” characteristics over a wider range of comparators as shown by the 
graphs below. 

 

 The year 2003/04 was selected as the reference dry year for assessing “Dry 
year annual average (DYAA)” demand. This is consistent with the choice of 
2003/04 as the dry year used in the 2014 WRMP. It was confirmed to be a 
suitable choice over a range of comparators as shown by the graphs below. 

 

4.2. Quadrant graphs of past weather conditions 

The detailed weather-demand modelling done by the Met Office on South East Water 
data found that the weather factors that significantly affect household demand in each 
water resource zone are maximum temperature and sunshine hours. 
 
The following “quadrant graph” compares average maximum temperature and average 
sunshine hours for each summer from 1960 to 2016. The values shown are averages 
across the company’s water resource zones, based on the data used by the Met Office 
for a variety of their weather stations in each resource zone. It confirms summer 1969 
as a “normal/average” year for temperature and sunshine and summer 2003 as much 
warmer and sunnier than average. 
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Figure 2. Quadrant graph of summer sunshine and summer temperature 1960 to 
2016 (whole company area averages) 
 
Note for Figures 2, 3 and 4 – the dotted vertical and horizontal lines show average values for 
the summers in the period 1960 to 2016. 

 
It is usual practice to compare temperature and rainfall characteristics to identify the 
best choices of normal year and dry year. The quadrant graphs below show quadrant 
graphs for two Met Office weather stations with published long-term records which lie 
in or very close to the South East Water area. In both cases summer 1969 is near 
“normal/average” and summer 2003 is significantly warmer and drier than average. 
Therefore, across all assessments 1969 and 2003 were consistently found to be 
suitable as reference normal year and dry year. 
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Figure 3. Quadrant graph of summer temperature and summer rainfall 1960 to 
2016 for Eastbourne weather station 
 
 

 
 
Figure 4. Quadrant graph of summer temperature and summer rainfall 1960 to 
2016 for Heathrow weather station 
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4.3. Calculated weather factors 

The following table summarises the factors that were applied. 
 
Table 4. NYAA, DYAA and DYCP factors for household demand  
 

Resource zone NYAA factor DYAA factor DYCP factor 

RZ 1 Tunbridge Wells WRZ 0.990 1.017 1.331 

RZ 2 Haywards Heath WRZ 0.988 1.027 1.315 

RZ 3 Eastbourne WRZ  0.987 1.025 1.198 

RZ 4 Bracknell WRZ 0.998 1.010 1.380 

RZ 5 Farnham WRZ 0.995 1.020 1.185 

RZ 6 Maidstone WRZ 0.994 1.024 1.383 

RZ 7 Cranbrook WRZ 0.982 1.032 1.457 

RZ 8 Ashford WRZ 0.989 1.017 1.071 

Whole Company 0.992 1.018 1.294 
 
Note: 

 NYAA demand  =  Base demand * NYAA factor 

 DYAA demand  =  NYAA demand * DYAA factor 

 DYCP demand  =  DYAA demand * DYCP factor  

 
The DYAA factor for the whole company (1.018), for example, suggests that household 
water consumption averaged across the year is 1.8% higher in a dry year than in a 
normal weather year. Likewise the DYCP factor for the whole company (1.294) 
indicates that household water consumption in the peak week of a dry year is 29.4% 
higher than average household consumption in a dry year. 
 
The DYAA factors estimated for all parts of the company area by the 2014 WRMP were 
6.6% for measured households and 3.5% for unmeasured households, whilst the 
DYCP factor was 21%. The method used for WRMP14 was less rigorous than used by 
the current work. 
 
As the latest dry year uplift factors are significantly lower than assessed for the 2014 
WRMP, an alternative assessment of the dry year uplift factor has been investigated 
that applies a different method to the weather-demand modelling approach that the 
Met Office used. The alternative approach works by comparing summer demand with 
winter demand in each year. It is based on the expectation that years with hotter, drier 
weather should have bigger differences between summer and winter demand. 
 
The following graph summarises the findings. The zero line represents a normal year. 
The graph shows that 1995/96 has the largest estimated uplift for household demand 
at 7.3%. The next largest is 2003/04 with an estimated uplift for household demand of 
3.4%. Both these years are known as hot, dry years so it feels reasonable. 
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Figure 5. Comparison of annual % uplift from comparing summer and winter 
demands 
 
The graph also shows that the uplift factors in recent years have been low (negative 
most years except 2011/12, suggesting poorer than average weather) which was 
unexpected because there have been some recent good weather summers. This may 
be due to the effects of increased metering suppressing some summer use, in which 
case the higher uplift factors for earlier years may not represent the current water use 
patterns. This suggests that the Met Office/HRW modelling, which is based on just 
recent data, provides a reasonable indicator of current patterns.  
 
The factors presented in Table 4 have therefore been used for the WRMP. 
 

4.4. Climate change effects 

Consultants RPS and HRW carried out studies to produce national guidance 
(UKWIR/Environment Agency, 2013) on the calculation of climate change effects on 
water demand. As part of the recent weather-demand modelling study for South East 
Water, HRW undertook updated analysis of climate change effects on household 
demand in accordance with the UKWIR approach. 
 
The following table summarises the climate change factors that were derived. 
 
Table 5. DYAA climate change factors for household demand  
 

Resource zone DYAA climate 
change factor at 

2017/18 

DYAA climate 
change factor at 

2044/45 

RZ 1 Tunbridge Wells WRZ 1.2% 2.0% 

RZ 2 Haywards Heath WRZ 2.3% 3.8% 

RZ 3 Eastbourne WRZ  2.2% 3.6% 

RZ 4 Bracknell WRZ 1.3% 2.2% 

RZ 5 Farnham WRZ 1.7% 2.8% 

RZ 6 Maidstone WRZ 1.9% 3.1% 

RZ 7 Cranbrook WRZ 2.6% 4.3% 

RZ 8 Ashford WRZ 1.7% 2.7% 

Whole Company 1.7% 2.8% 
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The values in Table 5 assume that climate change effects should be applied to current 
as well as future household demands, in line with Environment Agency guidance 
(2017b). The studies carried out for the 2014 WRMP suggested that the increase in 
household consumption from 2012 to 2035 due to the impact of climate change would 
be 1.3%. They also used the UK Climate Projections 2009 (UKCP09) as the basis for 
climate changes but less detailed modelling of how demand is affected by variations 
in weather.  
 

4.5. Effect of weather on micro-component water use 

The way in which weather (in particular dry summer weather) influences micro-
component water use has been investigated by UKWIR/Environment Agency (2013) 
and by WRc (2012). 
 
The detailed UKWIR study found that:  
 

 “The statistical analyses of … household micro-component consumption 
consistently demonstrated that the volumes of external water use are strongly 
influenced by weather parameters. External water use increases in hotter or 
drier weather. There is a lack of consistent evidence of weather impacts on 
internal water uses. Therefore, where it is necessary to allocate the effects 
across components of household demand, it would be reasonable to assume 
that all additional water consumption in hotter or drier weather is for external 
water uses.” 

 
The WRc report considered the results from micro-component monitoring in summer 
and winter periods at 77 unmeasured households. It found that “Examination of the 
subsets of the data, in the South East of England, that were monitored during both 
summer and winter indicates that extra summer use was almost entirely outside tap. 
There is some indication of higher tap use.” 
 
It has therefore been concluded that the extra water use during hot, dry weather, or 
due to climate change, can be allocated solely to external water use. 
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5.0 HOUSEHOLD CONSUMPTION FORECASTS 

5.1. Baseline PCC forecasts 

Baseline average PCC, under dry weather year conditions, is predicted to reduce from 
154.3 l/h/d at 2017/18 to 140.2 l/h/d at 2044/45. This reduction occurs for two main 
reasons: 
 

 The metering programme, whereby the proportion of measured households is 
expected to increase from 83% in 2017/18 to 88% by 2018/19. Meter 
penetration will continue to increase as a result of all future new homes being 
metered and some further voluntary opting for metering.  
 

 The take-up of more water efficient household appliances in the future. 
 
The PCC forecasts presented in this report are for the “baseline” position and so do 
not include the substantial further reductions in PCC that will result from the demand 
management options that comprise the Company’s preferred plan. The impacts of 
such measures are included in the final planning demand forecasts. 
 
The forecast micro-component PCCs at 2044/45 are compared with estimated 2017/18 
levels in Table 6. The main trends, in line with the forecasting assumptions outlined in 
Table 3, are: 
 

 Water use for toilet flushing is reducing as more homes install and use low flush 
toilets  
 

 Water for showering is expected to increase as people shower more frequently, 
and use showers instead of baths  
 

 Bath water use is reducing as fewer people take baths for personal washing
  

 Water use for washing clothes and dishes are forecast to decrease as new 
washing machines and dishwashers continue to become more water efficient
  

 The forecast reduction in miscellaneous internal water use reflects the 
expected reduction in future average household occupancy  
 

 Although external water use is also expected to reduce due to reducing 
occupancy, the impact of climate change results in an overall increase – it is 
assumed that the climate change effects will predominantly affect external 
water use (as explained in Section 4.5). 
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Table 6. Summary of micro-component PCCs for the whole company under 
DYAA conditions at 2016/17 and 2044/45 
 

Component PCC (l/h/d) at 
2017/18 

PCC (l/h/d) at 
2044/45 

Change (l/h/d) 
between 2017/18 and 

2044/45 

Toilet flushing 27.4 19.5 -7.9 

Personal washing 60.5 56.2 -4.3 

Clothes washing 22.9 19.7 -3.2 

Dishwashing 9.1 8.9 -0.2 

Miscellaneous 
internal use 

15.7 15.7 - 

External water use 18.7 20.2 +1.5 

Total PCC (l/h/d) 154.3 140.2 -14.1 

 
 
The following graphs illustrate future trends in the PCC forecasts: 
 

 Figures 6 and 7 show the micro-component PCC forecasts for dry weather year 
(DYAA) conditions for the whole company area for measured households and 
unmeasured households, respectively. The average PCCs (weighted average 
of measured and unmeasured households) are summarised above in Table 6.
  
 

 Figure 8 presents the DYAA forecasts of total PCC for measured and 
unmeasured households, and the average of all households. The average 
values are closer to the measured PCC forecasts than the unmeasured PCCs 
because most households have been or will be metered.  
 

 Figure 9 presents the average PCC forecast for each resource zone under 
DYAA conditions. It shows consistency in trends between the resource zones, 
and demonstrates the way that significant reductions in average PCC are 
expected in the next few years as a result of the completion of the household 
metering programme.     
 

 Figure 10 shows that the downward trends in future average PCC (for the whole 
company) in DYAA conditions are similar to those forecast by the 2014 WRMP. 
The lower PCC levels for the current WRMP show that the effect of metering 
on suppressing customer demand is greater than expected at the outset of the 
metering programme. 
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Figure 6. Micro-component PCC forecast for measured households (for DYAA 
conditions, average for whole company area) (l/h/d) 
 

 
 
Figure 7. Micro-component PCC forecast for unmeasured households (for DYAA 
conditions, average for whole company area) (l/h/d) 
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Figure 8. Comparison of measured, unmeasured and average PCC forecasts 
(l/h/d) 
 
 

 
 
Figure 9. Comparison of average PCC forecasts under DYAA conditions for 
each water resource zone (l/h/d) 
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Figure 10. Comparison of WRMP14 and current (WRMP19) average PCC 
forecasts under DYAA conditions (l/h/d)  
 
 

5.2. Uncertainty 

There is significant uncertainty in PCC forecasts (see Section 2.8). The uncertainty 
ranges assessed by South East Water are shown in the following graphs for measured 
households and unmeasured households, respectively. 
 

 
 
Figure 11. Comparison of main, upper and lower scenario average PCC forecasts 
for measured households under DYAA conditions (l/h/d) 
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Figure 12. Comparison of main, upper and lower scenario average PCC forecasts 
for unmeasured households under DYAA conditions (l/h/d) 
 
 
Table 7 examines the degree of sensitivity of the dry year annual average PCC forecast 
to a range of assumptions. It shows that the assumptions around personal washing 
usage, miscellaneous internal water use and inclusion/exclusion of climate change 
effects have larger impacts on the PCC forecast then the other assumptions. But no 
single assumption has a major impact on the PCC forecast. 
 
 

5.3. Validation of micro-component PCC forecasts 

The base year (2016/17) micro-component PCCs have been based largely on the 
company’s customer survey, which provides a sound basis for understanding 
household water use. The O, F and V values have been compared and checked for 
consistency with the information from other data sources. Data from authoritative 
external data sources have been used for values not provided by the customer survey. 
 
Forecast micro-component PCCs have been based on the trends documented by the 
Market Transformation Programme, and checked for general consistency with the PCC 
forecasts produced by other water companies in their 2014 WRMPs. 
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Table 7. Sensitivity of key assumptions in the DYAA average PCC forecast for 
the whole company area at 2044/45  
 

Parameter Assumption for 
Main forecast 

at 2044/45 

Assumption for 
Upper forecast 

at 2044/45 

Assumption for 
Lower forecast 

at 2044/45 

Range of impact 
on DYAA 

forecast at 
2044/45 relative 
to Main forecast 

Toilet flushing 

Assumptions for 
appliance 

ownership and 
usage as set out 

in Table 3 

Usage 10% 
higher than in 
Main forecast 

Usage 5% lower 
than in Main 

forecast 

-1.1 l/h/d (lower) 
+2.4 l/h/d (upper) 

Personal washing Usage 10% 
higher than in 
Main forecast 

Usage 5% lower 
than in Main 

forecast 

-1.9 l/h/d (lower) 
+3.9 l/h/d (upper) 

Clothes washing Usage 10% 
higher than in 
Main forecast 

Usage 5% lower 
than in Main 

forecast 

-1.0 l/h/d (lower) 
+2.0 l/h/d (upper) 

Dish washing Usage 10% 
higher than in 
Main forecast 

Usage 5% lower 
than in Main 

forecast 

-0.5 l/h/d (lower) 
+0.9 l/h/d (upper) 

Miscellaneous 
internal use 

Usage 10% 
higher than in 
Main forecast 

Usage 5% lower 
than in Main 

forecast 

-1.8 l/h/d (lower) 
+3.5 l/h/d (upper) 

External use Usage 10% 
higher than in 
Main forecast 

Usage 5% lower 
than in Main 

forecast 

-0.7 l/h/d (lower) 
+1.5 l/h/d (upper) 

Property type 28% detached 
27% semi 

19% terrace 
18% flats 

8% bungalow 

30% detached 
16% flats 

(i.e. 2% change 
from flats to 
detached) 

26% detached 
20% flats 

(i.e. 2% change 
from detached 

to flats) 

-0.1 l/h/d (lower) 
0.1 l/h/d (upper) 

Metering effect on 
consumption for 
switchers 

18% reduction 
in consumption 

15% reduction 
in consumption 

21% reduction 
in consumption 

-0.4 l/h/d (lower) 
+0.4 l/h/d (upper) 

Climate change 
impacts 

Included Included No climate 
change impacts 

-3.9 l/h/d (lower) 
+0 l/h/d (upper) 

Dry year uplift 
factor for 
households 

1.7%  
 

3%  
 

1%  
 

-1.0 l/h/d (lower) 
+1.8 l/h/d (upper) 

Average PCC 
forecast at 2044/45  

140 l/hd/d 157 l/hd/d 128 l/hd/d -12 l/h/d (lower) 
+17 l/h/d (upper) 

 
Note: Values presented in this table have been rounded, and so may not sum exactly.  
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