
1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Method Statement 

for the 

WRE Regional Water Resource  

Plan 

 

 

 

August 2020 



2 
 

EXECUTIVE SUMMARY 
This Method Statement shows how Water Resources East will produce our 

regional water resource management plan, one of five regional plans that will 

be published as part of the National Framework for Water Resources.  

In September 2023 WRE will publish a regional water resource management plan for Eastern 

England.  As well as setting out our broad vision for the environment over the period to 2050 and 

beyond, this will describe how water supply systems for water companies, the energy sector, the 

agri-food sector and others will need to change in order to meet growth in demand and become 

more resilient to the effects of drought and climate change.   

We aim to produce a plan which efficiently and effectively balances the needs of each sector, 

ensures that there is enough water for the environment and allows us to manage long-term 

uncertainty and risk; both for water supply systems, as well as for the natural systems on which all 

abstractors depend.  Working with planners and representatives from sectors and organisations 

across the region, the plan will be developed through engagement, co-creation and collective 

decision making. 

The supporting WRE technical programme is composed of two inter-related multi-sector elements: 

• Strategic, regional scale planning 

• Sub-regional, including catchment scale, planning 

A combination of the two is needed to meet the requirements of the National Framework, which 

requires that regional plans must: 

• Take account of the National Framework 

• Are reflected in water company WRMP24s 

• Forecast supply-demand over at least 25-years 

• Provide one preferred adaptive solution, and set of options to any deficits, setting out its 

contribution to meeting the national need 

• Take a multi-sector approach 

• Look beyond regional boundaries 

• Deliver enhanced environmental outcomes and enhanced levels of demand management 

• Take a catchment-based approach 

• Consider wider resilience benefits 

• Are open to market mechanisms 

• Take growth ambitions into account, and 

• Comply with Strategic Environmental Assessment and Habitats Regulation Assessment 

regulations 

Additionally, a regional water resource plan should: 

• Ensure wide engagement with interested groups 

• Set out how the region will respond to drought 

• Join up with drainage and wastewater planning 

• Seek to improve resilience to floods, and 

• Look more than 50-years into the future 
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Our strategic, regional scale planning will be completed using a process based on Robust Decision 

Making (RDM), Multi-Criteria Search (MCS), Systematic Conservation Planning (SCP) and least cost 

optimisation using an approach based on the Economics of Balancing Supply and Demand (EBSD).  

The RDM and MCS will combined in a single process: Multi-Objective Robust Decision Making (MO 

RDM).  MO RDM was previously used to develop the Phase I WRE regional strategy (published in 

December 2017) and our planning as part of the National Framework will build on this earlier work.  

Both MO RDM and the EBSD least cost optimisation are industry recognised approaches for water 

resource planning (UKWIR, 2016). 

SCP is the leading international approach for identifying priority areas for natural capital action.  It 

is new for water resource planners in the UK and will be used to identify where reductions in 

abstraction to meet environmental need (“sustainability reductions”) can be combined with other 

land and nature management programmes to deliver efficiencies, enhanced outcomes or 

increased levels of environmental resilience.  In combination with EBSD modelling, we will also use 

it to prioritise where and when sustainability reductions should be made, both by water companies 

and by other sectors.  To use the emerging terminology from the National Framework: 

• MO RDM will be used to select the preferred combination of demand management and 

large-scale supply-side options and give a high-level estimate of the total volume of 

sustainability reductions needed.  These are termed our “environmental destination”, and 

• A combination of the SCP and EBSD modelling will be used to schedule delivery of the 

selected options and the rate at which the sustainability reductions are made.  This latter 

output is termed our level of “environmental ambition”.   

A combination of the MO RDM and EBSD modelling will also be used to explore options for making 

our regional plan as flexible as possible, capable of being adapted to changing conditions.  This 

includes in respect of different levels of imports or exports to/from the WRE region. 

To support the regional planning process, we have developed an extensive sub-regional or 

catchment-based planning programme.  Partners in this include water companies, drainage 

authorities, the Environment Agency, Natural England, Local Authorities, energy companies, 

farmers and land managers, universities and numerous environmental Non-Governmental 

Organisations, including local river campaign groups.  The sub-regional programme is essential for 

multi-sector collaboration and the co-creation of our plan, allowing escalation of important local 

issues into the regional plan, and ensuring that the related benefits flow back towards our local 

planning partners.  It will also promote common ownership of the plan and a commitment to share 

in its delivery. 

The plan we produce will make clear each sectors’ responsibility in terms of financing and 

delivering the schemes needed to achieve our overall planning objectives.  This includes: 

• Schemes specifically for water companies, which can be incorporated in their draft 2024 

Water Resource Management Plans and related business plans, and 

• The strategies, plans or schemes which will need to be delivered by others 

Our planning objectives and the technical approach we have developed are ambitious and new, 

and match both the requirements and ambition of the National Framework.  The programme builds 

on previous WRE innovations and, through SCP, will deliver new ones.  We are confident that by 

the time the plan is published in September 2023, these planning methods and tools will have 

helped us to deliver an effective and truly multi-sector effort, that will have a lasting and positive 

impact on communities and businesses and the environment across Eastern England. 
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1. Introduction 

1.1 Purpose 

This Method Statement shows how WRE will produce its regional water resource management plan 

(WRP).  It describes: 

a. The multi-sector, co-creative, planning process we propose to use, and 

b. The related technical methods and tools 

Like the Method Statements produced by other regional planning groups, it allows the Environment 

Agency and others to check for compliance with the National Framework and, where appropriate, 

with the technical requirements of the Regulatory Alliance for Progressing Infrastructure 

Development (RAPID).  This includes consistency, where this is needed to enable comparison of 

options and plans, or integration of the outputs from each separate regional planning process.  

In support of this document, a separate, non-technical, version will be published. 

1.2 Background 

In accordance with the National Framework for Water Resources (National Framework), WRE will 

publish a regional WRP in September 2023.  Milestones in the preparation process include: 

1. February 2021: Updated Resource Position Statement 

2. August 2021: Initial draft WRP shared to ensure alignment with other regional WRPs 

3. January 2022: Informal consultation on initial 

draft WRP and pre-consultation on WRE water 

company draft 2024 Water Resource 

Management Plans (WRMP24s) 

4. August 2022: Final draft regional WRPs 

published and draft WRMP24s submitted 

5. September 2023: Publication of the final 

regional WRP and final WRE water company 

WRMP24s 

The requirements for a regional WRP are set out in 

Appendix 2 of the National Framework document1 

Summarising from this, a regional WRP must: 

• Take account of the National Framework 

• Be reflected in water company WRMP24s 

• Forecast supply-demand over at least 25-years 

• Provide one preferred adaptive solution, and 

set of options to any deficits, setting out its 

contribution to meeting the national need 

• Take a multi-sector approach 

• Look beyond regional boundaries 

• Deliver enhanced environmental outcomes and 

enhanced levels of demand management 

• Take a catchment-based approach 

 
1 https://www.gov.uk/government/publications/meeting-our-future-water-needs-a-national-
framework-for-water-resources 
 

https://protect-eu.mimecast.com/s/hKf9CM11wsxVp07FwIV5t?domain=gov.uk
https://protect-eu.mimecast.com/s/hKf9CM11wsxVp07FwIV5t?domain=gov.uk


7 
 

• Consider wider resilience benefits 

• Be open to market mechanisms 

• Take growth ambitions into account, and 

• Comply with Strategic Environmental Assessment and Habitats Regulation Assessment 

regulations 

Additionally, a regional WRP should: 

• Engage widely with interested groups 

• Set out how the region will respond to drought 

• Join up with drainage and wastewater planning 

• Seek to improve resilience to floods, and 

• Look more than 50-years into the future 

As part of the National Framework, a programme to develop a series of strategic regional options 

(SROs) has also been set-up.  This is being led by water companies expected to benefit from each 

SRO, using funding approved by Ofwat and a process which is being administered by RAPID.  The 

following RAPID schemes are directly relevant to the WRE region: 

1. South Lincolnshire Reservoir 

2. Anglian Water to Affinity Water Transfer 

Anglian Water (AW) and Affinity Water (AFW) are jointly leading work on these SROs, which are 

subject to additional technical requirements intended to ensure that all SROs are produced in a 

consistent manner.  These requirements are being developed by RAPID and a RAPID related All 

Company Working Group (ACWG) that AW and AFW are members of. 

1.3 Scope 

This report is composed of three parts: 

1. An overview of the proposed planning process with summary notes showing how this meets 

the overall requirements of the National Framework 

2. Details of how each specific requirement of the National Framework will be met.  This part 

is based on material presented in the Summary and the Appendices, and 

3.  Appendices.  These contain stand-alone documents from Task and Finish Groups (T&F 

Groups) set up to complete work on the Method Statements.  The T&F Groups comprise 

the following: 

• Supply Forecast (Lead: Harriet Robson, Essex and Suffolk Water) 

• Demand Forecast and Demand Management Options (Lead: Philip Stephens, Anglian 

Water) 

• Option Development (Lead: Alexa Sherry, Anglian Water) 

• Environmental Assessment (Lead: Alice Piure, Anglian Water) 

• Environmental Ambitions (Lead: Alice Piure, Anglian Water) 

• Simulator & Planning (Leads: Mark Sampson, Anglian Water and Steve Moncaster, 

WRE) 

During preparation, each of the T&F Group Method Statements was subject to review by the 

Environment Agency and our technical QA/QC partners Black & Veatch.  Where appropriate, the 

Methods Statements were amended to take account of comments and feedback. 
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2. Overview 

2.1 Objectives 

The proposed planning framework aims to produce a regional WRP and related environmental 

program that efficiently balances the needs of the environment, agriculture, energy, industry and 

public water supply, while simultaneously managing long-term uncertainty and risk from climate 

change, drought and growth in demand.   

To be successful, the WRP also needs to be owned and delivered by all of those in the WRE region 

with an interest in the abstraction, management or use of water.  For this reason, key parts of the 

proposed planning framework rely on technical methods which are designed to help stakeholders 

participate effectively in a process of co-creating the WRP. 

2.2 Planning tools and supporting projects 

WRE water resource planning will occur at two inter-related levels, both of which will be multi-sector 

and link to water company WRMP24s: 

1. Regional, strategic scale, and 

2. Sub-regional or catchment scale 

2.2.1 Regional, strategic scale planning: 

The regional strategic planning will focus on the following: 

• Large supply-side options, including current and possible 

future SROs 

• Demand management, and 

• Current as well as future environmental need. 

The planning will be completed using a combination of (a) simulator-

based decision-making under uncertainty (DMUU) methods, and (b) 

least cost optimisation based on the Economics of Balancing Supply 

and Demand (EBSD).   

The proposed DMUU method will be the same combination of robust 

decision making (RDM) and robust multi-criteria search (MCS) used 

to develop the Phase I WRE strategy.  Referred to as multi-objective 

robust decision making (MO-RDM), this system-simulation based 

“extended” approach is recognised by UKWIR as suitable for use on 

planning problems where: 

• Non-linearities are significant (i.e. the yield from individual 

schemes are interdependent and cannot simply be 

aggregated), or 

• Trade-offs between multiple interacting criteria need to be 

explored 

Both apply to the WRE regional strategic scale planning.  Details of 

the UKWIR planning framework are given below: 

Environmental need will be 
considered at a variety of different 
levels: 

1. A broad, long-term vision 
for the environment in the 
WRE region (termed over-
arching environmental 
ambition) 

2. The reductions needed to 
restore abstraction to 
sustainable levels, now and 
in the future (termed 
environmental destination), 
and 

3. The rate at which the 
reductions in abstraction 
will be delivered (termed 
environmental ambition) 

To deliver the long-term broad 
vision, reductions in the level of 
abstraction which are greater than 
those required to meet statutory 
obligations are likely to be needed.  
Our planning process takes a multi-
sector approach to this issue  
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Figure 1: Decision Making Approaches (UKWIR (2016) WRMP 2019 Methods.  Decision Making 

Process – Guidance) 

For the regional WRP, the preferred combination of supply-side and demand management options 

will be selected using MO-RDM, with the analysis taking account of different levels of imports, 

exports, growth in demand, climate change, drought and the environmental destination.  

Subsequent least cost optimisation will be used to schedule delivery of the selected options and 

facilitate alignment between the regional WRP and individual water company WRMP24s.  This work 

will include using the EBSD model(s) to complete real-options and modelling to generate 

alternatives (MGA) analyses in support of adaptive planning.  

To help define the level of environmental ambition and prioritise the resulting sustainability 

reductions, the MO-RDM and EBSD modelling will be combined with a process based on Systematic 

Conservation Planning (SCP).  SCP uses multi-objective optimisation to evaluate the costs and 

benefits of alternative land use management options and is new for water resource planning in the 

UK.   

Summary details for each planning tool are given below: 

Multi-Objective Robust Decision Making (MO RDM) 

Summarising from the Appendix, key steps in the WRE MO-RDM process include: 

• Problem formulation.  In this, the planning problem is defined in terms of the uncertainties 

that can make a system vulnerable (X), possible interventions (L), system representation 

(R) and metrics of performance (M).  Much of the XLRM assessment follows from the WRE 

Phase I strategy 

• Using an upgraded regional water resource simulator, the performance of the WRE system 

will be tested under a wide range of plausible future scenarios.  This step is key to robust 

decision making (RDM) and determines the baseline level of vulnerability of the regional 

water resource system 

• The simulator will then be connected to a Multi-Criteria Search (MCS) algorithm that 

iteratively tries different combinations of possible interventions while trying to maximise 

and balance multiple stakeholder performance metrics.  The search produces efficient 

Pareto-optimal portfolios of interventions in which one metric cannot be improved without 

reducing performance in another  
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• To account for uncertainty and risk, the search will be run under many scenarios (see 

below) ensuring that the portfolios and the trade-offs are resilient under a wide variety of 

plausible futures. RDM methods help determine which scenarios to include in the robust 

MCS 

• Minimum performance thresholds will be used in the search and in the trade-off analyses 

to help decision-makers and stakeholders select candidate portfolios. One or more of these 

will then be submitted to a further vulnerability analysis step (stress testing).  If appropriate, 

the results of the stress testing will be used to inform additional work on trade-offs or 

additional MCS searches 

The proposed sequence of MO-RDM simulator and decision-making activities is illustrated below: 

 

 

Figure 2: Proposed WRE MO-RDM process (see also Appendix) 

To improve on the Phase I MO-RDM process, machine learning techniques will be used to identify 

the scenarios which are used in the robust search.  Based on cluster analysis, these will use the 

baseline vulnerability data to pin-point specific combinations of factors which cause the system to 

fail. 

Effective stakeholder participation is critical to portfolio selection and co-creation of the WRP and 

will be facilitated by development of a new visualisation tool (WRE-I).  This will also assist analysts 

in the technical work that will be completed and is part of a suite of measures to increase the 

efficiency of the combined analytical and decision-making process.  These include a continuous 

improvement/continuous development (CI/CD) process for the simulator upgrade.  
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A representation of the new WRE-I tool is given below; this combines the parallel axis plots 

previously used for making the trade-offs with data from the selected portfolio(s) of schemes: 

 

Figure 3: Illustration of the new WRE-I tool, designed to enable effective stakeholder participation 

(see Appendix)   

To support improvements to the MO-RDM process and align these more closely to the objectives 

of the regional WRP, the WRE regional simulator is being upgraded.   

Relative to the Phase I regional water resource simulator (see Figure 4 below), the upgrade will 

• Improve the management and control of input/output data  

• Modify the simulator geometry so that it reflects the new WRE boundaries.  This includes: 

o Removing the AFW Central Resource Zones (RZs) 

o Including the Severn Trent Water (SVT) Nottinghamshire and Rutland RZs 

• Focus the simulator on: 

o testing and appraisal of the SROs, and  

o defining the overall level of regional environmental ambition 

• Subject to the results of a pilot, improve representation of the dynamic link between 

groundwater and surface water systems, and so between recharge, storage, abstraction 

and Environmental Flow Requirements (EFRs), and 

• Reduce runtimes and increase the efficiency of the MO-RDM search process, allowing for 

a more rigorous and thorough approach to portfolio selection and testing 
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Figure 4: Representation of the Phase I WRE regional water resource simulator 

EBSD least-cost optimisation 

Outputs from the MO-RDM planning will include a class of schemes that need to 

be delivered via water company WRMP24s and the related business planning 

process.  This includes the RAPID related SROs and any water company 

sustainability reductions that are needed to meet the regional level of 

environmental ambition. 

For scheduling delivery of the SROs, other options and the sustainability 

reductions, and for adaptive planning related to each of these, EBSD least cost 

optimisation will be used.  This type of modelling is standard for water 

companies and will occur at two inter-related levels: 

• WRE regional EBSD model, and 

• Water company EBSD models or similar investment planning tools 

The input data used in the modelling will be from the updated Resource Position 

Statement, due for publication in the spring of 2021 and will be based on water 

company WRP table data which is prepared for this.  In combination with SCP 

(see below) iterative regional and water company EBSD modelling will enable outputs from the 

regional WRP to be reflected directly into water company WRMP24s.  Additional MO-RDM modelling 

The WRE planning 
process will output 
plans and/or 
strategies for the 
energy, agri-food and 
environment sectors 
as well as for water 
companies.   

 

The EBSD modelling 
will focus on the 
options needed for 
water company plans 
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may be necessary to support this process of gradual refinement; reductions in the simulator run-

time and improvements in the efficiency of the search process will enable this. 

The use of EBSD modelling for adaptive planning will consider its use for real options analysis, 

modelling to generate alternatives and modelling to minimise regret.  These are all standard 

adaptive planning approaches which have been used previously by water companies in the 

WRMP19 process. 

Systematic Conservation Planning (SCP) 

For WRE, land, water and nature need to be managed 

holistically.  Many of the objectives in the 25 Year 

Environment Plan relate directly to water or are 

closely linked and strengthening the connection 

between the management of land, water and nature 

has the potential to yield significant benefits for many 

sectors.  These include cost-efficiencies, the potential 

for delivering enhanced environmental outcomes, or 

the potential for significantly increasing levels of 

protection for designated features and other critical 

natural assets.  

A process based on SCP will be used to explore the 

links between land, water and nature in the WRE 

region and to strengthen the environmental elements 

of the regional WRP.  This includes: 

• Developing our understanding of the broader 

context for conservation, restoration and 

other nature-based activities so that we make 

better choices about where best to make 

interventions 

• Helping to set our environmental destination; 

the desired environmental goal or target for 

the regional WRP 

o In the MO-RDM process, equivalent to 

the total volume of sustainability 

reductions, and 

• Setting the level of our environmental 

ambition; the rate at which we progress 

towards the destination  

o In the EBSD and other processes, 

sustainability reductions by planning 

period and by sector, taking account 

of synergies between different programs for land and water management (i.e. 

Defra ELMS) 

In each case, and for the reasons given above, WRE will take a multi-sector approach to the use of 

SCP.  The SCP process is illustrated below: 

 

Systematic conservation planning (SCP) is the 

leading international approach for identifying 

priority areas for natural capital action.  

SCP uses a multi-objective optimiser to identify 

the most effective and cost-efficient strategy 

for meeting desired land management and 

conservation related outcomes. This robust 

analytical approach is combined with a well-

developed social process that allows 

stakeholders to have ownership over the plans 

that are developed, establishing the social 

capital needed for long term implementation.  

Key points: 

• SCP is based on a robust analytical 

process that takes account of the cost 

of different land management and 

conservation activities 

• This is combined with a high degree of 

stakeholder input to co-create plans 

and strategies  

• Upwards of 20,000 scientific papers 

have been published on SCP 

• For the WRP, SCP will take account of 

activities directly related to water 

resource management and water-

related ecosystem services 

 

SYSTEMATIC CONSERVATION 
PLANNING 
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Figure 5: The proposed WRE SCP process (see also Appendix) 
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To illustrate how SCP works, a simple example is given in Figure 5.  In this: 

1. A target based on minimising flood risk through the planting of 10,000 trees has been used 

2. The areas targeted for planting have been determined using suitability and opportunity 

cost, with the latter calculated from farm price data and other sources 

3. All of the data which is used comes from published sources, and 

4. Although the analysis is conducted at regional scale, the outputs are available by Parish 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Simplified SCP example: riparian woodland restoration for flood risk mitigation 

2.2.2. Sub-regional or catchment scale planning: 

Within the WRE program, multi-sector sub-regional or catchment scale water resource planning will 

occur via the following: 

• The design of the SROs and similar strategic options.  This includes the South Lincolnshire 

and Norfolk Fens Reservoirs and involves working with groups such as the South 

Lincolnshire Water Partnership (SLWP) 

• The Environment Agency water abstraction plan priority catchment programme.  This 

includes the following: 

o European Structural Investment Fund (ESIF) project in the South Forty Foot Drain 

catchment which has been funded and is progressing, and 

o An EU Interreg project proposed for the Broadland, East Suffolk and CAMEO 

catchments.  A funding application has been submitted for this which will be 

determined in September 2020.  English partners include the Environment Agency 

and the Rivers Trust; the project will involve working with abstractor groups such 

as the Broadlands Agricultural Water Abstractor Group (BAWAG) together with a 

number of French partners 
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• The Defra Environmental Land Management (ELM) program.  This includes a proposed 

project in South Lincolnshire, working with the SLWP, farmers and land managers on the 

restoration and conservation of heath and fen habitat 

• Other land use change pilot projects, including a project with land managers, Cambridge 

Water and Cambridge County Council on the restoration and conservation of chalk streams 

in Cambridgeshire 

• Developing a greater understanding of the water related needs of the energy sector.  Based 

on net-zero carbon our proposed water-energy project will include assessing water demand 

for hydrogen production as well as the impact of low-carbon renewables on desalination 

and water reuse.  Work in this area will focus on the Trent and the South Humber Bank, 

including the Trent-Witham-Ancholme transfer, and involves working with the Trent Working 

Group and Energy UK.  In Norfolk, Suffolk and Essex it will involve working with the newly 

formed Hydrogen East 

• The Fenland Futures project.  Based on the fenland rivers, including the River Witham, this 

project is looking at how planning for the South Lincolnshire and Norfolk Fens reservoirs 

can be combined with long-term planning for flood and coastal risk management.  The aim 

is to deliver enhanced outcomes for communities, businesses and the environment 

including increased resilience to climate change, drought and flood and higher levels of 

sustainable (economic) growth 

• The Ouse trading project.  Also based on the fenland rivers, this project is looking at the 

potential for more flexible and adaptive use of resources within treated and raw water 

systems linked to the reservoirs in the AW Ruthamford Resource Zones. Potential sharing 

or trading partners include Anglian Water, Essex and Suffolk Water, Affinity Water, Severn 

Trent Water, RWE and drainage authorities in the fens with irrigation interests including the 

Middle Level Commissioners 

• The Norfolk Water Management Plan.  Based on the county boundary, the Norfolk WMP 

will look at multi-sector water related needs including in respect of the environment, 

housing and securing jobs and growth in the local economy, particularly in the light of Covid-

19.  While the scope has yet to be fully defined, it is likely to include flood, drainage, public 

and private water supply and water quality.  Work on the WMP will progress with support 

from Norfolk CC and District Councils in Norfolk; link to work on the Norfolk Fens Reservoir 

option design and involve looking at the potential for using novel financial instruments to 

deliver nature-based solutions.  This work will progress in partnership with The Nature 

Conservancy, and 

• Other county-based water management plans, for example in Essex, Suffolk and 

Cambridgeshire, based on the specific water-based agendas in these counties. 

2.2.3 Links between the two planning programs: 

By planning at different scales and with different planning partners, critical local and sectoral 

issues can be identified and, where appropriate, incorporated in the regional planning process.  In 

reverse, these links allow local benefits from regional planning to be identified and built into local 

delivery plans.  For example, this kind of synergistic activity enables modifications to SRO designs 

that mean these can be better supported by stakeholders through the related planning processes, 

as is the case in South Lincolnshire. 

For WRE, successive iteration between regional strategic and sub-regional catchment scale 

planning is essential for the delivery of an effective regional scale multi-sector WRP.  
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2.3 Planning Process 

The key steps in the regional WRP planning (technical) process are given below: 

 

Figure 7: Principal elements of the WRE regional WRP planning process 

In respect of Figure 6: 

1. In addition to selecting options, MO-RDM is used to set the environmental destination (total 

volume of sustainability reductions) while a combination of SCP & EBSD is used to 

determine the equivalent level of environmental ambition (rate at which these are 

delivered).  The process is iterative and will result in: 
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a. Individual sustainability schemes by sector and by water company, and 

b. Opportunities for cross-sector or inter-company collaboration, where this is more 

cost-effective than equivalent single-sector or single-company schemes 

2. Co-creation is built-in to MO-RDM and SCP and these will ensure that the regional WRP 

meets the multi-sector and multi-company requirements of the National Framework. COVID 

restrictions may require slight modification of the planned level of stakeholder engagement 

activities, requiring a more technical approach to the preparation of the initial draft 

Regional WRP.  While we will attempt to avoid this, if this proves to be the case, a more 

extensive co-creation process will be used to produce the final draft Regional WRP 

3. Both the initial and final draft Regional WRPs may need to be modified to take account of 

the plans which are either developed by the other regional water resource planning groups 

or which arise from a national scale planning effort.  Since MO-RDM is a scenario based 

planning tool which typically outputs a large number of pareto-optimal solutions, we will be 

able to determine both the sensitivity of our preferred plan to changes in import/export 

volumes and if needed, select alternative plans which are capable of meeting the required 

performance objectives under circumstances in which import/export volumes are 

changed.  By using MO-RDM, WRE will have the flexibility to adapt to these changing 

requirements 

4. Between August 2021 (initial draft plan) and August 2022 (final draft plan) the following 

will be assessed: 

a. Potential for using the MCS to perform “robust” scheduling of the options selected 

using the MO-RDM process, and 

b. Sensitivity to long-term uncertainty and risk.  Most likely this will involve re-running 

the MO-RDM process for a 2080’s time-slice and checking for differences in the 

Pareto-optimal portfolios that are selected 

3. Meeting the requirements of the National Framework 
The Appendices contain detailed notes on the following: 

• Regional water resource simulator upgrade 

• MO-RDM search upgrade 

• SCP 

• Supply forecast for the MO-RDM and EBSD modelling 

• Demand forecast and demand management options for the MO-RDM and EBSD modelling 

• Environmental assessments (SEA, HRA, INNS and others 

• Environmental Ambition, including SCP 

• Consultation and engagement 

From a combination of these and the above, the following is noted in respect of meeting the 

requirements of the National Framework: 

3.1 Reflected in WRMPs 

Outputs from the regional WRP will be reflected in water company draft WRMP24s through: 

• Preparation of the updated Resource Position Statement 

• Participation in the MO-RDM process for selecting the preferred combination of supply-side 

and demand management options 

• EBSD based scheduling of options and sustainability reductions.  This includes from 

participation in the: 
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o MO-RDM process for determining environmental destination (total volume of 

sustainability reductions), and  

o Combined EBSD & SCP process for determining the level of environmental 

ambition (volume of sustainability reductions by water company and by AMP) 

3.2 Forecast supply and demand over at least 25-years 

A planning horizon of 2050 will be used for the updated Resource Position Statement as well as 

both the MO-RDM and EBSD modelling.  This includes taking account of the following: 

• Climate change 

• Enhanced demand management and improved efficiency across all sectors 

• Enhanced environmental improvements, making sure decisions take future environmental 

needs into account 

• Future housing growth ambition, working with local authorities 

• Water demand needs and growth ambitions of relevant other sectors, such as business, 

industry, navigation, extractive mineral operations, electricity generation and agricultural 

sectors 

3.3 One preferred solution and set of options 

Taking account of the above, a combination of the MO-RDM and EBSD modelling will be used to 

determine the final planning solution. This will: 

• Meet the requirements of each of the sectors represented explicitly in the modelling 

process.  This includes in respect of: 

o System performance (resilience, reliability and vulnerability) 

o Environmental performance (EFI compliance and carbon) 

o Allocation of the available resources, and  

o Identifying investment needs 

• Where appropriate, incorporate the needs of other sectors in the design and/or operation 

of the selected SROs, and 

• Be flexible and capable of being adapted to changing circumstances 

Best value in socio-economic and environmental terms will emerge from the MO-RDM and SCP led 

co-creation processes. 

3.4 Take a multi-sector approach 

The MO-RDM and SCP planning processes have been designed to enable planners from different 

sectors to work together effectively to produce plans and strategies which best meet overall need.  

Within the WRE planning process, the use of these tools at regional level has been strengthened 

by: 

• Incorporating multi-sector needs into the design and planning processes for the SROs.  For 

the South Lincolnshire and Norfolk Fens reservoirs this will include using SCP at local, 

catchment scale to help water company planners identify where best to deliver a 

combination of the following: 

o Enhanced environmental outcomes 

o Increased resilience to flood and drought 

o Additional resources for the agri-food, leisure and tourism sectors 

o Enhanced economic outcomes   

• The extensive WRE sub-regional, catchment scale planning process (see above).  This 

ensures, where appropriate, critical issues for non-public water supply (PWS) entities can 
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be escalated into the regional planning process.  Planning to meet the possible future 

demand for water for hydrogen production is an example of this kind of issue.  

3.5 Look beyond regional boundaries 

The flexibility inherent in MO-RDM planning means that it is 

possible to make trade-offs between the volume of imports and 

exports to/from WRE and different pareto-optimal portfolios of 

schemes.  So long as key performance criteria can be met, it will 

be possible to accommodate different combinations of 

imports/exports from the other regional planning groups.  These 

are: 

• Water Resources South East (WRSE) 

• Water Resources West (WRW) 

• Water Resources North (WRN) 

• West Country Water Resources (WCWR) 

Note: efficiency improvements from the simulator and MO-RDM search upgrades are critical in 

terms of allowing planners adequate opportunity to respond to changes in boundary conditions. 

3.6 Deliver enhanced environmental outcomes and demand management 

The regional water resource simulator has a dynamic link between groundwater and surface water 

systems that allows for the effects of abstraction on EFI targets to be modelled.  When combined 

with the MO-RDM search, it is possible to make trade-offs between the performance of public and 

private water supply systems and the environment that take account of the possible future effects 

of climate change, drought and growth in the demand for water or, conversely, the impact of 

alternative demand management options.   

Using this approach, it will possible for WRE planners to define a high-level environmental 

destination for the region; select the preferred demand management options, and specify an 

equivalent set of pareto-optimal SROs. 

To convert environmental destination (total volume of sustainability reductions) to an equivalent 

environmental ambition (rate at which these are delivered) it will be necessary to undertake a 

combination of SCP and EBSD modelling.  These will: 

• Identify opportunities for combining sustainability reductions with other environmental 

programs, delivering either cost efficiencies; enhanced outcomes; an increase in resilience 

in designated sites and other critical natural assets, or some combination of all three 

• Allow water company schemes to be separated from the other schemes that are needed 

to deliver the broader environmental vision, enabling these to be funded via water company 

business planning processes.  These schemes are likely to comprise a mixture of 

mandatory sustainability reductions and discretionary reductions in abstraction, and 

• Allow the delivery of the schemes (water company and other) to be prioritised 

3.7 Take a catchment-based approach 

A combination of the groundwater-surface water functionality in the regional water resource 

simulator, MO-RDM and SCP will enable the regional WRP to take a catchment-based approach to 

selecting the preferred combination of options and environmental schemes.  This capability will be 

strengthened by links with the sub-regional, catchment-based projects which make up the rest of 

the WRE planning program, including: 
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• In the South Forty Foot Drain priority catchment in South Lincolnshire, with the SLWP and 

others: 

o ESIF smart water management 

o ELM test and trial 

o Design work for the South Lincolnshire Reservoir SRO, and 

o The Fenland Futures project 

• In the CAMEO and East Suffolk priority catchments and the Broadland catchment with the 

Rivers Trust, Catchment Partnerships, abstractor groups, land-owners & farmers and 

Norfolk and Cambridgeshire County Councils 

o Water for Tomorrow Interreg project 

o Norfolk Water Management Plan 

o Granta chalk stream project 

3.8 Consider wider resilience benefits 

Through our sub-regional catchment-based program, we will be able to consider the wider 

resilience benefits of the regional WRP.  An example is the Fenland Futures project, where we are 

working with flood risk managers in the Environment 

Agency, drainage authorities and others to 

understand: 

• The relationship between potential SROs in the 

fenland area (South Lincolnshire and Norfolk 

Fens Reservoirs) and long-term planning for 

flood and coastal risk management 

• The opportunities for coordinating investment 

across a broad range water, transport and 

growth-related projects  

As well as supporting the National Framework, the 

Fenland Futures project supports implementation of 

the recently published Environment Agency National 

FCRM strategy and the equivalent Defra policy 

statement. 

3.9 Be open to market mechanisms 

The WRE planning process is open to a variety of market-related mechanisms, including through: 

• The updated Resource Position Statement; the regional and water company level EBSD 

modelling and links between these and the Ofwat Market Information tables 

• SCP and the related opportunities for water companies to work with farmers, foresters and 

land managers on Water Industry National Environment Program (WINEP) type 

environmental schemes both for water and water recycling, and 

• The sub-regional and catchment scale planning program, including the: 

o Energy-water project 

o Interreg and ESIF projects, and 

o Ouse trading project 

Through markets, WRE is seeking to promote efficient use of the available water resources; 

flexibility and resilience in water supply systems, the capacity to adapt to periodic shortages, and 

enhanced environmental and economic outcomes. 
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Another area where WRE will seek benefits from a 

market-based approach is in the use of novel financial 

instruments to fund nature-based solutions.   

This work will likely progress through the Norfolk Water 

Management Plan in collaboration with The Nature 

Conservancy (TNC) Water Funds program and, if 

successful, will provide a means of using markets to 

deliver multi-sector environmental programs. 

3.10 Take growth ambitions into account 

The WRE demand forecast will account for the following: 

• Local authority housing projections and ONS projections of population growth and 

demographic change 

• Specific growth-related projects such as 

the OxCam Arc and new “garden” towns 

o For consistency, this work will align 

with equivalent work in the WRSE 

region 

• The demand for water to support post-

Brexit growth in the agri-food sector, and 

• The demand for water to support the 

transition to a low carbon economy 

including, specifically, decarbonisation of 

energy systems through the production 

and use of green hydrogen 

• Growth ambitions from other sectors, or from specific large industrial users in our region 

In line with the requirements of our MO-RDM process, a scenario-based approach will be taken to 

generating the related demand forecasts. 

3.11 Comply with SEA & HRA regulations 

The WRE regional WRP will be subject to a Strategic Environmental Assessment (SEA), Habitats 

Regulations Assessment (HRA), with Appropriate Assessments where needed, and other 

environmental assessments including for the following: 

• Water Framework Directive (no deterioration) 

• Invasive non-native species 

• Natural capital approaches, including natural capital accounting and ecosystem services 

assessment, and 

• Net (biodiversity and environmental) gain 

As well as complying with relevant statutory requirements, objectives include:  

• The design and programming of the assessments should be targeted to support WRE’s 

decision-making. The assessments should produce outputs that inform key decisions and 

are available for key decision points. This includes a credible assessment of the plan’s 

overall environmental impact 

• The assessments should be proportionate in both scale and reporting. They should look for 

opportunities to deliver efficiencies and mitigate inconsistency through the integration of 

the assessment processes where appropriate, and 
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• The assessments should be designed to meet WRMP requirements so that, where 

appropriate, they can be adopted by water companies for their WRMP24s 

 

3.12 Additional Requirements 

From the National Framework, regional WRPs should also: 

• Engage widely with interested groups:  this will be achieved through a combination of the 

selected technical methods (MO-RDM and SCP); the inclusion of the WRE Board and WRE 

Strategic Advisory Group and others in the co-creation process and by informal and formal 

consultation in January 2022 and August 2022 respectively  

• Set out how the region will respond to drought:  multi-sector drought resilience is implicit 

in the results of the MO-RDM modelling, and work on a WRE drought response strategy will 

follow development of the initial and final draft Regional WRPs 

• Join up with drainage and wastewater planning: this will be possible through a combination 

of SCP and the sub-regional catchment-based planning program 

• Improve resilience to floods: this will occur at two different scales: 

o At large scale, through projects such as the Fenland Futures and our county-wide 

WRP development, and 

o At a smaller scale through projects such as the South Forty Foot Drain catchment 

ESIF project; the Cambridgeshire Chalk streams project and the South Lincolnshire 

ELM test and trial project as well as through local scale SCP projects in support of 

the design of the reservoir-based SROs  

• Look 50-years into the future: this will be possible using a time-slice for the 2080s in the 

MO-RDM analysis.  Comparison of the search results for this and the time-slice used for 

the 25-year planning horizon will provide assurance that the selected portfolio performs 

well in the very long-term 

4. Reporting 
The regional WRP report will be written so that it is clear: 

• Which options should be funded 

and delivered solely by water-

companies 

• Which options or strategies should 

be delivered by other sectors, and 

• Which options should be delivered 

using partnership arrangements 

This includes options for the sustainability 

reduction schemes linked to definition of 

our environmental destination and the 

related level of ambition. 

The reporting process will ensure that the selected water company options will be supported by 

the WRP data which is required to complete water company WRP data tables. 

5. Summary 
The WRE initial and final draft Regional WRPs will be developed using a planning process that 

combines the following: 
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• Regional scale planning, based on a combination of: 

o Multi-objective robust decision making (MO-RDM) 

o Systematic conservation planning (SCP), and 

o Least cost optimization based on the Economics of Balancing Supply and Demand 

(EBSD), and 

• A program of sub-regional or catchment-based water resource planning projects. 

Both are multi-sector and require high levels of stakeholder engagement, which will be based on 

co-creation of our plans and strategies.  A summary of how this proposed planning process helps 

us to meet the requirements of the National Framework is given below: 

Requirement MO-RDM SCP EBSD Sub-regional or 

catchment based 

planning 

Be reflected in WRMPs Y Y Y  

Forecast supply and demand over 25-years Y  Y  

Be a single plan Y Y Y  

Take a multi-sector approach Y Y  Y 

Look beyond regional boundaries Y    

Deliver enhanced environmental outcomes 

and demand management 
Y Y Y Y 

Take a catchment-based approach Y Y  Y 

Consider wider resilience benefits Y Y  Y 

Be open to market-based mechanisms  Y Y Y 

Take growth ambitions into account Y  Y  

Comply with SEA & HRA Y  Y  

Engage with interested groups Y Y  Y 

Set out how the region will respond to drought Y   Y 

Join-up with drainage and wastewater  Y  Y 

Improve resilience to floods Y Y  Y 

Look 50-years ahead Y   Y 

Table 1: Compliance with the requirements of the National Framework (summary)  
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Water Resources East Supply Forecast Method Statement 
 

1. Introduction 

This document has been prepared by the Water Resources East (WRE) Supply Task and Finish 

Group, and summarises the methods that will be used to develop the WRE supply forecasts.  The 

supply forecasts should include assessment of: 

• Climate change 

• Drought vulnerability 

• Sustainability changes to abstraction 

• Water supply outage events 

• Uncertainty in the supply forecast 

 

The supply forecasts should be produced using datasets, assumptions and scenarios that are 

agreed between the key stakeholders, and should align where reasonably practical with water 

company PR24 Water Resources Management Plan (WRMP24) projects, and with Defra and 

Environment Agency guidelines.  

 

The National Framework for Water Resources published in March 2020 explored England’s future 

water resource needs, and identified the scale of action required to ensure resilient supplies are 

available to meet the long-term needs of all water users. The Framework requires regional groups 

to each produce a plan that: 

• Sets out how the supply of water for all users will be managed across the region 

• Increases supplies by exploring a range of options, and considering the potential for 

developing and sharing supplies with other sectors 

• Explores all opportunities for water transfers within and between regions 

• Increases resilience to drought, so that severe resource restrictions are needed no more 

than once every 500 years on average by 2039 at the latest 

 

WRE published an Initial Water Resource Position Statement in March 2020, which sets out the 

current view of the water resource position, and states the intention to develop a plan that delivers 

significant value to the region. On an average day in a dry year, the total water demand in the WRE 

region is 2,311 megalitres per day, 85% of which is for public water supply (PWS). Water companies’ 

PR19 Water Resources Management Plans (WRMP19) forecast that by 2050 there will be a net 

deficit of 204 megalitres per day for the WRE region. The water companies set out their individual 

plans to close any forecasted deficit, and one of the roles of the Regional Plan is to assess if there 

are more optimum ways to close the deficits. 

 

2. Planning Assumptions 

2.1 Planning horizon 

The National Framework stipulates that the supply-demand balance must be forecasted over at 

least 25 years from base year 2025, and should look ahead for 50 years or more. WRE intends to 

produce a supply forecast covering a 60-year planning horizon up to 2085, with a view to extend 

to 2100 subject to availability of climate change evidence. 
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2.2 2.3 Levels of Service  

The Levels of Service defined in each water company’s WRMP19 are outlined in the table below. 

The water companies do not plan to change their Levels of Service to align at this stage, but each 

company will be working with their stakeholder engagement teams to consult customers on Levels 

of Service ahead of WRMP24. 

  
Level 2 (Temporary 

Use Ban) 

Level 3 (Non-Essential 

Use Ban) 

Level 4 (Emergency 

Drought Order) 

Affinity Water 1 in 10 years 1 in 40 years 1 in 200 years 

Anglian Water 1 in 10 years 1 in 40 years 1 in >200 years 

Cambridge Water 1 in 20 years 1 in 50 years 1 in >100 years 

Essex & Suffolk 

Water 

1 in 20 years 1 in 50 years 1 in 250 years 

 
Levels of Service for agriculture and business will be represented in the simulator by hands-off 

flow/level related to cessation of abstraction, with a return period of 1 in 10 years.  

 

2.3 Demand restrictions 

Demand restrictions will be applied in the simulator, in relation to the Levels of Service. Each Water 

Resource Zone (WRZ) is mapped to a storage component, and each component has defined Levels 

of Service curves. The model will calculate the storage position in relation to the curves, and a 

value is computed to represent each WRZ based upon the assigned storage component in the best 

resource position. This value is used to apply restrictions on demand, and the restrictions are 

applied independently in each WRZ. All options modelled have to deliver Level 4 resilience as a 

base assumption, and scenarios both with and without drought permits and orders will be modelled 

to assess the value of the actions. 

 

2.4 Transfers 

For internal transfers between WRE WRZs, the simulator will make a decision on the magnitude 

and timing of operating a transfer based upon the rules and model weighting for moving water 

from one WRZ to another. For external transfers into and out of the region, the decision needs to 

be made whether to assume fixed transfers, or to investigate making the transfers dynamic based 

upon the commonality of drought between the two regions. There may be the opportunity to 

increase or decrease a trade if the regions are in drought at different times and assess the 

response of the system, however there are commercial ramifications attached to modifying some 

of the existing transfers. WRE will review this ahead of the simulator modelling. 

 

2.5 Resilience 

The National Framework stipulates that all regions must be resilient to a 1 in 500 year return period 

drought by 2039 at the latest. It is important for all of the WRE water companies to achieve 

resilience at the same time, otherwise a difference in level of resilience within the region could 

cause a short-term deficit in the modelling process. Most, if not all, of the water companies will rely 

on new resource schemes to achieve 1 in 500 year return period drought resilience across all 

WRZs by 2039, therefore the timing of the achievement of the resilience will need to align with the 

commissioning of new resource schemes. 

 

3. Proposed Approach 

3.1 Supply forecast components for simulator modelling 

The following components of the supply forecast will feed into modelling of the regional 

simulator: 
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3.1.1. Climate Change 

Guidance and regulatory requirements 

The final WRMP24 Water Resources Planning Guideline (WRPG) is expected to be published in 

early 2021. The WRPG is designed to help water companies develop a plan that complies with all 

of the relevant statutory requirements and government policy when planning for a secure supply 

of water. The WRPG is supplemented by detailed technical notes covering specific aspects of the 

forecasts, and the Environment Agency shared draft Supplementary Guidance notes for the 

WRMP24 WRPG in May 2020 for consultation. 

 

The draft Supplementary Guidance for climate change assessment is an evolution of previous 

guidance, to take into account new evidence from the 2018 UK Climate Projections (UKCP18) 

project. Water companies are encouraged to discuss all WRMP24 methodologies with the 

Environment Agency and Ofwat, and with regional planning groups. The draft guidance recognises 

that the available climate change evidence is diverse, and different decision-making methods will 

lead to different approaches to the assessment. The UKCP18 climate change projections may 

result in a change in severity of impact in some locations in comparison to the WRMP19 

assessment based upon the 2009 UK Climate Projections, therefore each region needs to 

understand how the climate change evidence has changed for all areas.  

 

Proposed methodology 

WRE have contracted Atkins to process and package the UKCP18 climate change evidence, to 

create a portfolio of weather datasets under a range of climate change scenarios. This data will be 

applied in rainfall-runoff modelling and recharge modelling to produce factored river flow data for 

the regional simulator. This work package is part of Atkins’ collaborative national Regional Climate 

Data project, and was chosen for consistency with the other regional groups to ensure 

comparability in assessment of strategic schemes. It is important to consider uniformity with other 

regions, particularly due to cross-boundary relationships with Water Resources South East and 

Water Resources West. This work package will deliver: 

• Precipitation, temperature and potential evapotranspiration (PET) change factors, to be 

used to perturb stochastic weather datasets 

• Daily time series of precipitation and PET for each river basin, for climate change stress 

testing 

 

WRE will need to develop a pragmatic methodology to apply climate change scenarios to ensure 

consistency within the region, either by using a consistent application of methods for each WRZ, 

or at least developing an understanding of the risks in presenting a variety of climate change 

assessments. If a set portfolio of scenarios can be selected, they could be applied consistently in 

rainfall-runoff modelling and recharge modelling to be representative across the whole region. The 

indirect impact of the climate change on sectors other than PWS will be measured by the effect 

that the changes in river flows and groundwater levels will have on abstraction licence availability 

and utilisation.  

 

3.1.2 Drought  

Guidance and regulatory requirements 

The National Framework and the WRMP24 draft WRPG stipulates that the regions must plan to be 

resilient to a drought of a 1 in 500 year return period by 2039 at the latest. This is a higher level 

of resilience than WRMP19, where water companies were required to plan for a 1 in 200 year level 

of drought resilience. The draft Supplementary Guidance indicates that this level of resilience 

should be demonstrated using system response rather than rainfall metrics, and if suitable water 

resources systems models are available it is expected that stochastic datasets will be used to test 

systems against a wide range of severe droughts, and to consider how climate change evidence 

can be applied to drought events. The use of stochastic methods can capture random nature of 

past weather conditions, as well as providing a wider range of drought conditions for testing system 
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resilience. Historical records have too few events to understand the full range of low probability 

high impact droughts, and stochastic methods can improve the estimation of this type of drought 

event.  

 
Proposed methodology 

The work package contracted to Atkins covering the delivery of climate change evidence to WRE 

also includes the production of a portfolio of stochastic datasets from the Regional Climate Data 

project weather generator. The stochastic datasets will be applied in rainfall-runoff and recharge 

modelling to produce river flow data for the regional simulator, to allow the assessment of a wide 

range of drought scenarios, including the interaction with climate change. This work package will 

deliver: 

• 400x generated daily and monthly precipitation time series for drought risk assessment 

• 400x daily PET sequences for drought risk assessment, sampled from water company daily 

PET data 

 

The weather generator used is an iteration of the model used for WRE Phase 1, and has also been 

used by other regional groups. In the process of selecting a weather generator, WRE also 

considered the Met Office Extreme Drought Explorer weather generator, and the GLIMCLIM 

weather generator developed by Mott MacDonald and University College London. It was decided 

to proceed with the Atkins option to ensure consistency with other regional groups and with WRE 

Phase 1, however this decision will be reviewed between the Draft and Final Draft Regional Plans, 

where WRE and the other regional groups may benefit from supplementing the Atkins weather 

generator with another option. A step change in results would not be expected if using a different 

model, however there would be an improvement in confidence in the model outputs due to the fact 

that the alternative weather generators do not require bias correction to generate broadly similar 

outputs to the bias-corrected Atkins weather generator. The regions are moving in step in this 

regard, with the decision to use the climate change and stochastic data from Atkins this year, and 

the consideration of adopting an alternative in the second iteration of modelling next year. As we 

get closer to the Final Regional Plan, we expect the precision and accuracy of the datasets used 

by all regions to improve. 

 

3.1.3 Sustainability changes 

Proposed methodology 

A sustainability change is a change to an abstraction licence to improve, or prevent further 

deterioration to, the environment. Sustainability changes are defined by the Environment Agency 

in the Water Industry National Environment Programme. The WRE Environment Task & Finish 

Group have been working to define a process for setting the environmental ambition of the region, 

and working with consultants to develop future sustainable abstraction scenarios for modelling in 

the regional simulator. This work will be incorporated into the supply forecasts, where the following 

issues will need to be considered: 

• Consistency in the application of Water Framework Directive no deterioration abstraction 

licence caps between WRZs 

• Sustainability changes to non-PWS abstraction licences, and the possibility that agriculture 

or business licences may need to rely more on water companies for reductions in supply 

• How to assess the impact of both climate change and sustainability reductions in the same 

catchment, and how to apply the ordering of impacts in the simulator modelling 

 

WRE will consider these aspects through the Supply, Environment and Simulator Task & Finish 

Groups, alongside discussions with the Environment Agency. 

 

3.2 Supply forecast components for EBSD modelling 

The following components of the supply forecast will feed into regional EBSD modelling: 
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3.2.1 Outage 

Guidance and regulatory requirements 

The draft Supplementary Guidance for WRMP24 stipulates that the principles within the UK Water 

Industry Research (UKWIR) 1995 report Outage allowances for water resources planning, 

alongside the risk-based approach set out in the UKWIR 2016 report Risk based planning methods, 

should be used to develop an outage allowance for water company supply forecasts. This is 

consistent with the guidance and methodologies used for WRMP19, whereby water companies 

used historic planned and unplanned outage data to identify legitimate outage events, and then 

carried out Monte Carlo analysis on the outage data to generate an overall deployable output 

impact. 

 
Proposed methodology 

For the purpose of the WRE outage assessment, the methodology based upon the UKWIR 1995 

and 2016 reports will continue to be used. WRE are reviewing the water company WRMP19 outage 

assessments to evaluate how the outage data is captured, processed and analysed using 

statistical methods. The aim is to identify a unified approach and align the interpretations and 

assumptions of all the water companies within the region. As a first step, WRE have set out the 

following intentions: 

• The inclusion of planned outage fully where the outage is known and inflexible, for example 

due to multi-year capital projects, and using a risk-based calculation where there is some 

uncertainty and/or flexibility, for example when work could be temporarily deferred, 

adopting a percentile in the range of 50th to 70th 

• The inclusion of unplanned outage for full and partial events of up to approximately 3 

months in duration, encompassing short-term pollution and asset failures. The events 

should be processed using risk-based assessment, informed by either empirical data 

shared between water companies, or theoretical understanding such as catchment risk 

assessments. Unplanned outage should adopt a percentile in the range of 75th to 95th 

• Longer-term unplanned outage events, for example permanent and instant loss of source 

or progressive increase in pollution, to be included in target headroom calculations 

• The adjustment of outage values to take into account alternative sources of supply, which 

would be undertaken using modelling, for example the comparison of the zonal effect on 

deployable output or by factoring the risk based upon the number alternative sources of 

supply 

 
3.2.2. Target Headroom 

Guidance and regulatory requirements 

Target headroom is an allowance to take into account any uncertainty in the supply demand 

balance. Water companies follow the approach to calculating target headroom set out in the 

UKWIR 2002 report An improved methodology for assessing headroom. The basis of the 

methodology is to apportion target headroom to two main areas: supply-side and demand-side. An 

inherent assumption within the methodology is that each component is independent of one 

another, and where this is not the case risk modelling is used to allow for overlapping, correlated 

and dependent relationships to be included in the headroom calculation. 

 
Proposed methodology 

For the purpose of calculating uncertainty in the WRE supply forecast assessment, a suitable 

approach using the methodology set out in the UKWIR 2002 report will be used, that can align with 

water company WRMP24 methodologies. The supply-side headroom components to be assessed 

are: 

• Uncertainty of renewal of time-limited abstraction licences 

• Bulk imports 

• Gradual pollution of sources causing a reduction in abstraction 

• Accuracy of supply-side data 

• Uncertainty of impact of climate change on deployable output  
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• Uncertainty of new sources 

 

A probability distribution and uncertainty value must be applied to each headroom component, 

and water companies will carry out an exercise to review and align these assumptions, although it 

is expected that they will not be materially different from the WRMP19 assessments. Risk 

modelling cannot take place until the supply and demand forecasts are completed, therefore an 

estimate may be used for the Revised Resource Position Statement, and full modelling completed 

for the Draft Regional Plan. 
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WRE Environment Task and Finish Group Method Statement 
WRE’s over-arching environmental ambition 

 
1. Overview 

This document is the Method Statement for the development of WRE’s ‘over-arching 

environmental ambition,’ the development of which is being led by the Environment Task and 

Finish Group. Our ambition should be relevant to all sectors and consider the environment 

holistically, by considering natural capital at a landscape level. We have deliberately chosen the 

term ‘over-arching environmental ambition’ to distinguish WRE’s ambition from the term 

‘environmental ambition’, which is often interpreted as referring to sustainable abstraction only. 

 

For the purpose of clarity, the Environment Task and Finish Group have created a draft definition 

of the workstream’s expected outputs (the draft definition, however, will be refined as the result 

of wider stakeholder input):  

• A clear vision statement for the regional environment 

• A detailed set of objectives and metrics (that could apply at the Regional level or be 

specific to individual catchments) 

• A delivery plan that sets out short, medium and long-term actions and projected 

implications2. The delivery plan should include actions for all sectors and a variety of 

delivery routes, such as: 

o The Water Industry National Environment Programme (WINEP) 

o Partnership funding 

o ELMS 

o Novel financial instruments such as ‘Water Funds’ 

 

The Environment Task and Finish Group have also agreed the principles for the development of 

WRE’s over-arching environmental ambition: 

• The process should be collaborative and involve a wide range of stakeholders, including 

Public Water Supply (PWS), agriculture, energy, environmental NGOs, environmental 

regulators, local authorities and others. 

• The above should be underpinned by a robust technical process, that empowers 

stakeholders with the information required for informed and transparent decision-

making3. 

• WRE’s ambition should meet legal requirements, regulatory expectations and have 

regard to the wider policy framework. This includes having appropriate regard to the 

principles, standards and language laid out in key documents, such as:  

o The National Framework and Guiding Principles 

o Water Resources Planning Guidance  

o The Lawton Review 

 
2 The ‘Plan’ might have consequences for some agents other than ‘actions’, for example, it might suggest more or less 
water availability. Since non-PWS agents are not subject to a statutory plan it would be for the affected agents to 
determine their action in response (if any) in the light of their perception of risk and opportunity within the relevant 
markets.  
3 In this context ‘decision-making’ refers to decisions relating to agreeing the over-arching environmental ambition and 
supporting plan. 
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o Relevant National Policy Statements 

o The Water Framework Directive 

o The 25 Year Environment Plan  

o The Environment Bill 2019-21 

o The National Flood Control and Coastal Erosion Risk Management (FCERM) 

strategy 

 

2. Introduction 

The regional environment 

The WRE covers 31,000 km2 in the East of England, with a population of 10.5 million. Half this 

area is cropped land contributing 40% of England’s vegetable crop output worth approximately 

£2,800m/y. It also contains wetlands and sites of international importance for birds and 

supports approximately 20% of England’s Power Plants installed capacity, for which water is 

required for cooling. The region also contains many important environmental and biodiversity 

sites, including Sites of Specific Scientific Interest (SSSI), Ramsar Sites and Natural Parks. These 

are some of the most important wetland and river systems in Britain including some, like the 

River Wensum and the Broads, which are of international significance. 

 

But our region is under pressure. It is the driest part of the UK and by 2060 will face challenges 

from climate change and growth in population, impacting the environment, public water supplies 

(PWS), agriculture and the energy sector. In addition, the legal commitment to achieve NetZero 

carbon by 2050 is likely to substantially increase the water required for power generation in the 

future. Our vulnerability analysis (2018) shows that even in a sustainable growth scenario, the 

scale of the challenge will be equivalent to at least 750 Ml/d by 2060. This assumes that 

ambitious levels of water efficiency have already been delivered.4 

 

The pressures on the regional environment and biodiversity are significant. In 2018, we 

estimated that, to protect the environment, the volume of groundwater abstracted for agriculture 

and public water supply needs to be limited. In some cases to less than 50% of that which is 

assumed to be available.5 In addition, the Environment Agency’s initial analysis (intended to 

provide a starting position for discussion), suggests that the potential reduction in abstraction 

that may be required is substantial. Across the East of England, a reduction of up to 605Ml/d by 

2050 (across all sectors i.e. including PWS, energy and agriculture) may be required.6 

 

Abstraction is not the only issue affecting the regional environment. The River Basin 

Management Plan (RBMP) for the Anglian River Basin District (RBD)7 identified just over 10% of 

surface waterbodies being of good ecological status or potential with around half or 

groundwaters being good for chemical and quantitative status. It also shows that there are a high 

number of physically modified waterbodies (51%) which can cause problems for fish, navigation, 

sedimentation and loss of habitat. Around half of the waterbodies in the RBD suffer from 

pollution from waste-water while 10% of waterbodies suffer pollution inputs from urban 

environments. Almost half the land area is devoted to agriculture and more than 45% of water 

bodies are affected by rural pollution including agricultural runoff leading to eutrophication of 

some waters, sedimentation and water quality issues which can make treatment of water 

difficult.  

 

 
4 WRE, Jan 2018, A Multi-Sector Approach to Providing Long-Term Resilience for Regional Water Resources 
5 WRE, Jan 2018, A Multi-Sector Approach to Providing Long-Term Resilience for Regional Water Resources 
6 Environment Agency, April 2020, Environment ambition Webex presentation 
7 River Basin Districts (RBD) are the planning units associated with the Water Framework Directive (WFD). The majority 
of the WRE region falls within the Anglian RBD, the rest is in the Humber RBD. There is a River Basin Management Plan 
(RBMP) associated with each RBD, which set out a framework for protecting and enhancing the water environment 
with specific reference to managing land and water holistically. 
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Expected population growth and changing rainfall patterns could exacerbate these existing 

pressures.8  It is essential that we take action now to build long-term environmental resilience by 

tackling these issues to enhance the environment, manage the effects of growth, and prepare for 

the impacts of climate change. 

 

This highlights a real need for a joined-up approach to delivering environmental improvement. 

However, research led by WWF UK has identified a clear deficit of the inclusive, holistic and 

systematic landscape level planning required to effectively coordinate action across our region. 

 

Through the ambitions set out in this regional plan, WRE will be able to contribute to improving 

the local environment and contribute to the UK’s improved environment. We will be working with 

the partners and organisations already committed to improving the local environment to help 

tackle some of these issues. 

 

WRE’s commitment to enhance the regional environment 

Water Resources East (WRE) was founded in 2019 with the aim of bringing stakeholders together 

across the region to collectively manage their shared water resources. The approach is 

fundamentally collaborative, and stakeholders have been empowered to participate in a range of 

ways. Key organisations sit on the board and interested parties have been welcomed to join the 

Strategic Advisory Group by becoming members of the company, a role that confers a legal status 

which includes voting rights.  

 

One of the fundamental aims of WRE is to make positive contributions to the environment. The 

WRE business plan identifies the two key ways in which this will be realised: 

 
‘WRE is an effective way to deliver change at landscape scale, linking the activities of water companies, 

agriculture and local authorities in a framework which promotes conservation and restoration of priority 

habitats through decisions about the management and use of water.’ 

 

‘WRE brings an opportunity to influence the development of the new environmental land management 

systems (ELMS), securing farm revenues while building natural capital and increasing the flow of eco-system 

services from in-stream and riparian habitats.’ 

 

Translating these aims into meaningful gains for biodiversity and the environment will require 

careful planning and coordination across sectors. It will also require consideration of the wider 

potential consequences for agents in those sectors. 

 

Consequently, WRE is committed to developing an ‘overall level of environmental ambition’ that 

considers environmental management holistically. This will be supported by an environmental 

enhancement plan that sets out short, medium and long-term actions9. This could include 

actions for any of WRE’s partners, including water companies, agriculture, energy and 

environmental NGOs. It is hoped that, by working collaboratively and aligning hitherto separate 

programs, we will deliver better outcomes for society and the environment. 

 

3. Guidance and regulatory requirements  

National Framework  

Sustainable Abstraction 

The National Framework aims to achieve a step-change in the way that unsustainable 

abstraction is addressed.  

 

Historically, due to funding mechanisms, the majority of abstractions were changed via the Water 

Industry National Environment Programme (WINEP) (although other sectors were covered 

 
8 Part 1: Anglian river basin district River basin management plan (Updated December 2015) 
9 ‘Actions’ will need to be determined as part of the development of WRE’s over-arching ambition, but could include 
reduced abstractions, river restoration, habitat restoration etc. It is also important to consider potential implications 
such as reduced operations as well as actions. 
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through other delivery mechanisms). In previous planning cycles, the Environment Agency has 

undertaken bottom-up technical analysis to identify where water company abstractions are 

causing, or have the potential to cause, environmental harm. They then worked with water 

companies to agree a program of improvements which were agreed in the WINEP. These 

improvements typically included investigations to confirm the impact (or potential impact) of the 

abstraction, and the most appropriate solution. Solutions have included mitigation measures 

(such has habitat restoration or river support), changes to licensed abstractions, or in many 

cases a combination of both. This has resulted in locally significant reductions to water company 

abstraction.  

 

The National Framework, however, shows that further reductions will be required achieve the 

objectives of the Abstraction Plan by 2027 and to ensure the environment is adequately 

protected by the 2050s. The reduction required may be substantial. For example, the 

Environment Agency’s initial analysis suggests that, in the East of England, a reduction of up to 

605Ml/d by 2050 (across all sectors) may be required10. 

 

It is now recognised, however, that there is a limit to how much further improvement can be 

made to the environment using existing regulatory frameworks. Despite current legislation 

providing clearly defined over-arching objectives (for example Water Framework Directive aims to 

achieve ‘good status’11 and ‘no deterioration’), there is no long-term vision for sustainable 

abstraction. Delivery plans are typically short-term, based on six-year RBMP cycles and five-year 

AMP cycles. The benefits of reducing abstraction have been assessed individually for specific 

sources12, making it difficult to define wider benefits. As a result, some sources have been 

classified as ‘uneconomic’ to address, despite having known issues.  

 

The process to trade-off the benefits of reduced abstraction with the wider environmental 

impacts of new sources of supply intended to replace the water is limited, although the existing 

process does consider costs and benefits at an individual site level. In some cases the 

consequences of abstraction reduction would not be associated with securing new supply but 

could instead, depending on the agent and sector affected, be reduction in output, change of 

product, change of techniques used or simply cessation of the activity depending on the wider 

costs and benefits of the response actions available to the affected agent. These in turn could 

have wider socio-economic consequences in relation to the contribution of the activity of affected 

agents in relation to for example power supply, food supply at regional and national levels etc.  

 

Failure to properly consider the costs and benefits of reduced abstraction creates potential for 

unintended consequences, but also missed opportunities (for example, the development of a 

strategic option may allow water companies to substantially reduce abstractions in more 

environmentally sensitive areas).  

 

Finally, previous assessments of the required reduction in abstraction have been based on 

current water availability and have not considered the impacts of climate change. As a result, 

even abstractions that are currently assessed as being ‘sustainable’ may become unsustainable 

in the future, and those that are currently ‘unsustainable’ will become more so. It is therefore 

important for all abstractors and stakeholders to participate in an informed discussion about how 

the impacts of climate change can be best managed.  

 

The National Framework seeks to address these issues by creating a new requirement for 

Regional Planning Groups to develop a long-term destination for sustainable abstraction, 

together with a plan setting out actions (short, medium and long-term) to get there. There is a 

 
10 Environment Agency, April 2020, Environment ambition Webex presentation 
11 Including full consideration of the mechanisms of WFD article in determining appropriate target status at water body 
level 
12 As opposed to a more strategic approach where the benefits of multiple changes to abstraction across the region are 
assessed together 
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clear ambition for a step-change in delivering sustainable abstraction, and Regional Groups are 

strongly encouraged to consider ‘ambitious environmental goals’13. 

 

The National Framework sets out the steps Regional Groups should follow in the development of 

the long-term destination for sustainable abstraction, which are summarised below. 

 

Establish a baseline: 

The Environment Agency has emphasised the need to first create a robust baseline using local 

modelling and data. There are several assumptions in the baseline used for the National 

Framework that will require consideration: 

• The exclusion of non-economic water bodies and that all licences have been capped at 

recent actual by 2025. This may be acceptable for sustainability reductions that are 

already included in water company WRMPs, but may not be so appropriate for unknown 

reductions and for other sectors.   

• The use of Environmental Flow Indicators (EFI) and the limited dataset resolution within 

this assessment.  

• The scenarios have also been subject to limited quality assurance. 

 

Develop scenarios: 

Three possible scenarios for future abstraction are explored: Business as Usual, Enhance, and 

Adapt. The Regional Groups have been asked to take these scenarios as a starting point and to 

refine them based on regional and local modelling. In addition, the National Framework 

document states Regional Groups should consider: 

 
• ‘where the scenarios and other evidence suggests the largest abstraction recovery might be required, 

• how the greatest environmental benefits can be realised, 

• where further local and regional analysis is needed, 

• what the opportunities are to access more water without compromising ecology and while continuing to meet 

the relevant environmental objectives, and 

• the potential for changes to abstraction that reduce reliance on direct river abstraction at low flows, for 

example, by working across sectors to make better use of stored water.’14 

 

Develop solutions: 

Where an environmental flow deficit is identified (defined as flows not meeting the Environmental 

Flow Indicator or EFI), Regional Groups must consider solutions to recover flows to the EFI. The 

analysis underpinning the National Framework scenarios assumes that the only way to achieve 

this recovery is to reduce abstraction, but that Regional Groups should consider alternative 

solutions to achieve the same environmental outcome. Where the EFI is related to the target 

status for a water body, the costs and consequences of any potential abstraction reductions 

required to achieve the EFI should be considered as part of the process of determining the target 

status.15 

 

Transparent decision-making: 

Regional Groups must trade-off the benefits of reduced abstraction with the environmental 

impacts of new sources of supply. Groups must also consider the wider consequences of reduced 

abstraction on all abstractors. This is both to avoid unintended consequences and to identify 

opportunities to maximise environmental gains. 

 
‘The costs and benefits of alternative approaches, comparing the costs and benefits of reducing abstraction 

against the costs and benefits of the interventions required to meet the shortfall in supplies through 

 
13 Environment Agency, March 2020, Meeting our future water needs: a national framework for water resources, Page 
47 
14 Environment Agency, March 2020, Meeting our future water needs: a national framework for water resources, Page 
47 
15 For status other than high, river flow hydrology is a supporting not a classifying WFD quality element. 
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developing new resources or reducing demand - this should also consider the implications of alternative 

timescales for reducing abstraction.’16 

 

Working collaboratively: 

The National Framework emphasises the need to work collaboratively, and to ensure that the 

ambition and plan developed by Regional Groups is ‘shared’ between multiple organisations and 

sectors.  

 
‘Regional groups should use the information in the national scenarios as a starting point for discussions with 

stakeholders and regulators.’17 

 

‘Regional groups need to grasp this work and engage with local environmental groups to understand local 

pressures.’18 

 

‘Regional groups should engage widely, with early engagement and discussion across relevant other sectors as 

well as other interested groups. For example, environmental non-governmental organisations, environmental 

charities and catchment groups. They should also engage with other partners who may be interested in the 

outcomes of the plan and the individual water company WRMPs such as devolved government, local authorities 

and community leaders.’19 

 

Wider environmental requirements 

The National Framework does not focus solely upon abstraction but sets out a clear expectation 

that Regional Groups should be ambitious and deliver wider environmental benefits. For 

example: 

 
‘This is about water companies providing greater public value and delivering more for customers, society and 

the environment. Every decision should be seen as an opportunity to add value to society and improve the 

environment.’20 

 
‘Regional groups must work with regulators and other partners to develop a shared long term destination on 

environmental ambition. This should ensure no deterioration, address unsustainable abstraction and improve 

environmental resilience in the face of climate change.’21 

 

There are clear expectations around the use of a Natural Capital approach to identify and deliver 

wider environmental enhancements. For example: 

 
‘The government’s 25 Year Environment Plan strongly supports the natural capital approach. Regional groups 

should look to use this approach in their decision making … We also expect regional groups to include 

environmental net gain in their decision making, to achieve measurable improvements for the environment 

on a regional and local level.’22 

 
‘By bringing together the concepts of environmental net gain and public value across all water users, regional 

groups will be able to develop a ‘best value’ plan for each part of England in a way that has not been 

achieved before. Wider benefits should be included in the decision making process, so plans achieve more 

for customers and the environment and across all sectors that need water.’23 

 
16 Environment Agency, March 2020, Meeting our future water needs: a national framework for water resources, Page 
47 
17 Environment Agency, March 2020, Meeting our future water needs: a national framework for water resources, Page 
47 
18 Environment Agency, March 2020, Meeting our future water needs: a national framework for water resources, Page 
47 
19 Environment Agency, March 2020, Meeting our future water needs: a national framework for water resources, 
Appendix 2: Regional Planning, Page 13 
20 Environment Agency, March 2020, Meeting our future water needs: a national framework for water resources, Page 
15 
21 Environment Agency, March 2020, Meeting our future water needs: a national framework for water resources, 
Appendix 2: Regional Planning, Page 11 
22 Environment Agency, March 2020, Meeting our future water needs: a national framework for water resources, Page 
11 
23 Environment Agency, March 2020, Meeting our future water needs: a national framework for water resources, Page 
15 
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Finally, the National Framework states that Regional Groups must take a catchment-based 

approach. 

 
‘Regional groups must embed the integrated catchment based approach to water resources management as 

they develop their regional plans. The groups must actively work with catchment groups, other partners and 

the public to identify actions to build the resilience of catchments and enhance our natural capital.’24  

 

Water Resources Planning Guidance 

The Environment Agency is updating the WRP Guidance for WRMP24, and are expected to 

develop two new supplementary Guidance notes: 

• Natural capital metrics, and 

• The environment in decision-making.  

These supplementary Guidance notes will consider approaches to Natural Capital and Net Gain 

assessments, how they complement the SEA process and how they should be integrated into the 

decision-making process. There is an expectation that this Guidance should apply to Regional 

Plans (in relation to the PWS elements) in addition to WRMPs. 

 

The assessments will need to take account of the following projects that are aimed at developing 

WRP Guidance: 

• UKWIR project: ‘Deriving a Best Value Water Resources Management Plan’, intended to 

launch September 2020 

• UKWIR project: ‘Environmental Assessment for Water Resources Planning’, intended to 

launch October 2020 

 

4. Proposed approach 

The development of WRE over-arching environmental ambition will be central to the Phase II 

modelling framework. 

 

The main steps are as follows: 

Step 1: Multi Objective Robust Decision Making (MO RDM), to provide an initial view of: 

• The environmental need in 2050, expressed in terms of Ml/d reduction in abstraction 

(long term destination) 

• The supply-side and demand management options required to maintain the supply-

demand balance  

 

Step 2: Systematic Conservation Planning (SCP).  In combination with EBSD least cost 

optimization, this will determine the equivalent level of environmental ambition, including: 

• Agreed distribution of water company reduced abstractions (these will be a combination 

of statutory and non-statutory reductions) 

• Agreed distribution of statutory and non-statutory reductions in abstraction for other 

sectors 

• Supporting environmental schemes and strategies 

 

As well as this, SCP will also be used to help define the “over-arching level of environmental 

ambition” for the WRE region.  This will take a broader view of long-term environmental need 

than is possible by considering sustainability reductions alone. 

 

Step 3: Regional and water company EBSD modelling.  In combination with SCP, to: 

• Prioritise water company sustainability reductions for delivery in AMP8 (2025-2030) 

• An outline delivery strategy for the remaining water company reductions  

 

 
24 Environment Agency, March 2020, Meeting our future water needs: a national framework for water resources, 
Appendix 2: Regional Planning, Page 12 
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Step 1: MO RDM Planning 

Developing sustainable abstraction scenarios  

The purpose of Step 1 is to provide and initial view of the environmental need (2050), expressed 

in terms of Ml/d reduction in abstraction. This will require validating and cross-referencing with 

the National Framework scenarios. It will also provide an initial view of the supply-side and 

demand management options required to maintain the supply-demand balance. 

 

As noted above, there is a requirement in the National Framework to use the sustainable 

abstraction (SA) scenarios Business as Usual, Enhanced and Adapt as a starting point for 

discussions with wider stakeholders. Translating these scenarios for use in the WRE simulator 

will require both technical analysis and stakeholder collaboration, with both: 

• the Environment Agency and Natural England, to understand regulatory requirements, 

data and technical considerations, and 

• wider stakeholders, to understand objectives for specific waterbodies 

 

In order to develop the SA scenarios specific tasks will need to be undertaken, including those 

listed below. 

• Review WRE Phase I materials and documents (such as the Phase 1 design requirements 

document). 

• Establish an agreed abstraction baseline that includes planned activity, from which we 

can understand what additional changes may be required.  

• Agree the scenarios to be developed. As a minimum, this should include the National 

Framework scenarios BAU, Enhanced, and Adapt refined using local data. 

• Develop the agreed scenarios.  

 

The SA scenarios can then be tested in the regional simulator and elsewhere, to understand what 

supply-side options are required to maintain the supply-demand balance in each one. 

 

Environmental metrics 

WRE is considering including three environmental decision-making metrics in the Phase II MO 

RDM process: 

 

• Environmental flow (linked to the SA scenarios) 

• Net Gain, and 

• Carbon 

 

We anticipate that the environmental assessments will deliver the data required these metrics. 

 

A technical workshop will be held to bring delivery partners together and explore what the metrics 

should include and how they will interface with other workstreams (particularly SCP and the 

environmental assessments). The output of the workshop will be a paper for discussion at the 

Environment T&F Group.25 

 

Step 2: Systematic Conservation Planning 

The purpose of Step 2 and Step 3 is to develop our environmental ambition ( at what rate we 

implement the agreed sustainability reductions).  For Step 2, this includes providing a view of: 

• Distribution of agreed water company reduced abstractions (these will be a combination 

of statutory and non-statutory reductions) 

 
25 Although we are interested in understanding the potential for the environmental ambition 
workstream and the SEA to be mutually supportive, we recognise that this may not be possible 
because of technical or timetable issues. Ensuring statutory compliance remains our first priority, 
and compliance requirements will need to be delivered through the environmental assessments 
(not through SCP). 
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• Distribution of agreed reductions in abstraction for other sectors 

• Supporting environmental schemes and strategies 

 

Systematic Conservation Planning (SCP) is the leading international approach for developing 

landscape level natural capital plans that focus on delivering environmental enhancement. Its 

key strength is that it combines a social process with a robust technical process, recognising that 

both are equally important.  

 

The beginning of the process involves identifying stakeholders and then communally identifying 

goals. The next stage is gathering natural capital and cost data (data can be gathered from a 

variety of sources including publicly available data sets and directly from stakeholders). This 

could also include gathering data on existing projects, to ensure that the plan is respectful of 

existing efforts and identifies priorities that are complimentary.  

 

The technical process then optimises desired outcomes against implementation costs in order to 

identify the most effective and cost-efficient strategy. The analysis is flexible and a broad range of 

data can be used, allowing the plans to build on existing scientific resources such as models, 

opportunity maps or risk assessments. This flexibility also allows the analysis to consider not only 

ecological data but also social and economic considerations, meaning that stakeholder input can 

directly affect the analysis itself, both improving the plan and increasing stakeholder ownership. 

 

The SCP approach is inherently scalable, local level plans can be easily nested within a regional 

plan. This vertical connection allows stakeholders at the local level to play a central role in 

developing practical plans which mesh seamlessly with the landscape level strategy. 

 

Program dependency: Environmental assessment 

We believe there is an opportunity for SCP to support the SEA, particularly in the assessment 

of the plan as a whole and in-combination with other plans and programs. The interfaces 

between the two workstreams will be fully explored via a technical workshop that aims to bring 

delivery partners together. This will also focus upon how to ensure efficient data sharing. The 

output of the workshop will be a paper for discussion at the Environment and Options T&F 

Groups.26 

 

Assessing costs and benefits 

An assessment of the costs and benefits of WRE’s environmental ambition is required: 

• To meet National Framework requirements and regulatory expectations that Regional 

Groups should trade-off the benefits of reduced abstraction with the environmental 

impacts of new sources of supply. 

• To support informed decision-making. In order to agree to a non-statutory environmental 

ambition and supporting plan, stakeholders will need to understand the impacts of 

different levels of ambition (above what is required legally) on abstractors and option 

selection.  

• To support the development of water company business plans. Sustainability reductions 

agreed as part of this process will flow through into water WRMPs and then into company 

business plans. 

 

It is important that all stakeholders are confident that that the assessment of costs and benefits 

is comprehensive and robust in order to make decisions about non-statutory reductions to 

abstraction. It is therefore proposed that a framework is developed setting out how costs and 

benefits will be understood and assessed. This is particularly important for non-PWS abstractors, 

 
26 Although we are interested in understanding the potential for the environmental ambition workstream and the SEA 
to be mutually supportive, we recognise that this may not be possible because of technical or timetable issues. 
Ensuring statutory compliance remains our first priority, and compliance requirements will need to be delivered 
through the environmental assessments (not through SCP). 
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as the impacts of reduced abstraction might include reduced output, reduced resilience or even 

an end to operations and plant closure. Consequently, understanding the impacts of reduced 

abstraction, and gathering cost and benefit data, should be a collaborative process that involves 

working closely with the affected stakeholders. 

 
Step 3: Regional and water company Economics of Balancing Supply and Demand (EBSD) 

modelling 

The purpose of this step is to provide a delivery schedule for Public Water Supply sustainability 

reductions. This includes the priority reductions for delivery in AMP8 (2025-2030), as well as an 

outline delivery strategy for the remaining reductions. 
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WRE Demand Forecast Task and Finish Group Method Statement 
WRE’s over-arching environmental ambition and environmental metrics 

 
1. Introduction 

This Technical Document describes the methodology for demand forecasting for the WRE Regional 

plan (in alignment with WRMP24). 

It sets out: 

 

• the methodology and approach which has been developed to determine likely scenarios 

(the scenario library) for future demand across the region,   

• the influences on demand and how they will be considered, 

• the approach to modelling methods and how key assumptions will be aligned (where 

feasible) 

• key milestones in the WRE/WRMP process 

 

These modelling processes have been developed, aligned and agreed by all interested water 

company planners within the geography of the WRE region. Although modelling draws upon Water 

Company expertise, it is understood that forecasts will need to allow for both Water Company (PWC) 

and non-Water Company (non-PWC) demand. Future potential projections will, therefore, be 

derived for the main non-PWC constituent stakeholders in the WRE region, including potential 

emergent technologies (i.e. agriculture, hydrogen energy).  

For the WRE to be fully aligned with the WRMP24, water company WRMP24 forecasts must be 

reflected as key scenarios in the WRE planning process, along with non-PWC demand. 

The workstream is led by the Demand Forecast Task and Finish Group. Core members of the WRE 

Demand Forecast Task and Finish Group are: 

 

Phillip Stephens:  (Anglian Water): T&F lead 

Stephen Moncaster:  (WRE Technical lead) 

Andrea Farcomeni:  (Affinity Water) 

Liz Wright:   (Essex & Suffolk Water) 

Steve Colella:  (Cambridge Water) 

Ismail Mulla:  (Severn Trent Water) 

 

This group will co-ordinate the production of a suite of demand forecasts at Water Resource Zone 

level for input into the WRE simulator, reflecting influent factors (population, property, climate, 

weather, economic, demand management, leakage) and potential demand scenarios (PCC, non-

household demand) across the WRE region.  
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Forecasts will be segmented as required (household, non-household, non-PWC, leakage), such that 

they can be modified using the weather-based simulator in line with supply-side inputs. A core 

scenario will be derived reflecting the WRMP24 plan and agreed non-PWC demand.  

 
2. Guidance and regulatory requirements  

2.1 National Framework  

The National Framework report builds upon previous work from Water UK27 and the National 

Infrastructure Commission28, identifying long term strategic need and emphasising that demand 

management will form a key strategy in securing sustainable and resilient water supplies, in the 

long term. As stated, along with supply-side infrastructure investment;  

 

‘The case is clear that investment is required to reduce demand and increase supplies to 

increase resilience to drought and make sure that the nation’s water supplies, and environment 

are able to cope with an uncertain future.’29 

 

Strategic planning for water resources in the East of England is driven by particular local stresses 

including the anticipated growth in demand in the region. The National Framework, therefore, 

emphases how important it is that demand should be understood, and that demand management 

should form a key strategy in both WRE regional plans and the WRMP, engaging key participants, 

including wholesale PWCs, Retail and other major water users. As stated, 

 

 ‘The national framework sets out a strategic direction for the work being carried out by regional 

water resources groups by exploring the range of approaches available to meet the likely 

pressures.’30  

 

 And, 

 

 ‘The east faces significant pressure and has little surplus water available. Our modelling shows 

that the amount of water needed is equivalent to all the new supply options selected in the 

company WRMPs – in this case Anglian Water, Essex and Suffolk Water, Affinity Water, Severn 

Trent Water and Cambridge Water – but more ambitious reductions in water use and potentially 

additional capacity is necessary to meet the higher need estimate.  

Water Resources East’s focus will be on reducing the demand for water by all users and 

increasing the amount of water available through new water resource options and transfers. 

Exploring the potential for schemes that benefit other water users is also a priority given the 

high level of demand from other sectors in this region, particularly agriculture.’31 

 

It is recognised that there should be a significant ambition to reduce household consumption over 

the long term. Consequently; 

 

‘In advance of the government’s response to the consultation, the national framework senior 

steering group has agreed the case for making ambitious demand savings. Based on the best 

available evidence the group agreed to work to an initial planning assumption of reducing 

average per capita consumption (PCC) to 110 litres per person per day by 2050 nationally. This 

is the lowest PCC that can realistically be achieved without government action in addition to 

 
27 Water Resources Long Term Planning Framework, Water UK (2016) 
28 Preparing for a drier future, England’s Water Infrastructure Needs, National Infrastructure Commission (2018) 
29 Meeting our future water needs: a national framework for water resources - 16 March 2020 - Version 1 – Page 6 
30 Meeting our future water needs: a national framework for water resources - 16 March 2020 - Version 1 – Page 6 
31 Meeting our future water needs: a national framework for water resources - 16 March 2020 - Version 1 – Page 7 



47 
 

water company action. However, it can be achieved more cost effectively and at lower risk with 

action from government and the water industry.’32 

 

Regional planning, in alignment with WRMP, should prioritise actions which will drive forward 

ambitious targets for consumption and demand management;   

 

‘Realising the potential of demand reductions while managing uncertainty and cost will require 

action from regional groups as well as government and regulators. 

Regional groups should: 

• contribute to a national ambition on average PCC of 110 l/p/d by 2050. This should be 

reviewed every 5 years 

• pursue ambitious reductions in non-household demand and contribute to the evidence 

available on the potential savings - as part of this regional groups should work with non-

household water retailers and new appointments and variations (NAVs) to align their 

approaches to planning, reducing demand, forecasting and monitoring non-household 

water-use 

• identify clear decision points that allow enough time to adopt alternative approaches 

should demand reductions not follow the expected track.’33 

 

Reductions in leakage over the long term will also play a significant role in mitigating demand: 

 

‘To realise the potential of leakage reductions regional groups should: 

• plan to achieve leakage reductions of 50% on average by 2050, in line with the 

recommendations from the National Infrastructure Commission and the commitment 

already made by the industry.’34 

 

Additionally, Non-household consumption accounts for a substantial proportion of overall demand. 

Developing water efficiency strategies for non-household sectors should form a key additional 

element for any demand reduction strategies, for water companies, retailers and other major 

sectors that are heavily dependent on water. 

 

‘Reducing the demand for water from non-household sectors will play an important part in 

reducing demand overall. It can go hand in hand with increasing the efficiency of processes 

and business and reducing energy consumption. Regional groups should work with other 

companies, non-household water retailers and new appointments and variations (NAVs) to 

align the approach to planning water resources, reducing demand, forecasting and 

monitoring non-household use of mains water.’35 

 

Over the long term it is recognised that the Government must also support these initiatives in order 

to achieve the ambitious targets that have been proposed: 

 

‘Government and regulators will support the management of uncertainty around demand side 

savings by: 

• introducing a new monitoring and reporting framework to monitor and report on progress 

on demand management. This will track the decision points in regional plans. If there is 

under-achievement against these triggers the group would recommend steps to turn this 

 
3232 Meeting our future water needs: a national framework for water resources - 16 March 2020 - Version 1 – Page 16 
33 Meeting our future water needs: a national framework for water resources - 16 March 2020 - Version 1 – Page 68 
34 Meeting our future water needs: a national framework for water resources - 16 March 2020 - Version 1 – Page 73 
35 Meeting our future water needs: a national framework for water resources - 16 March 2020 - Version 1 – Page 37 
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around, for example, policy change or behavioural change campaigns. This will be scoped 

early in 2020 

• using the recent consultation on reducing personal water use to inform national policy on 

interventions that will support reductions in water use 

• focus national policy on interventions that will make a significant impact for the associated 

cost - evidence suggests that product labelling and standards have an important role to 

play in this. Water metering also has the potential to bring significant savings as well as 

helping water companies manage networks to reduce water losses’’36 

 

The National Framework emphasises the need for all parties to work together collaboratively in 

developing the regional plan and national overview. Wide stakeholder engagement will ensure that 

the plans will be developed based upon shared understandings between multiple organisations 

and sectors.  

 

Regional planning and Water Resources East (WRE) will form a key element of this planning 

process. 

 

‘Regional groups are critical to the development of integrated plans that include the right 

strategic solutions for the challenges facing the nation. Previously, water resource 

management plans have been developed by each water company from the bottom up.  

The previous round showed the limitations of this, as proposals for water transfers did not 

match and solutions were not sufficiently integrated. Developing plans at a regional scale, 

with strategic direction from the national framework, will help overcome this. We have set up 

a regional coordination group to make sure that the leads of the regional groups are speaking 

regularly and that the plans are joined up.  

Each regional group will produce a regional plan by September 2023. These plans will:  

• be integrated across water company and regional boundaries and include sectors beyond 

public water supply such as agriculture and industry  

• include a clear environmental destination and milestones for getting there  

• identify the right solutions, such as transfers and reservoirs, for their region and for the 

nation as a whole  

• directly feed into the next water company water resource management plans (WRMPs)’37 

 

2.2 Regional Planning: Water Resources East (WRE) 

Regional planning will strengthen the implementation of sophisticated multi-sector approaches to 

water resource planning for the long term; supplementing the approaches previously taken by 

water companies in their Water Resource Management Plans, as stated; 

Until recently, water resource planning in England and Wales was dominated by deterministic 

forecasts of the balance between supply and demand and least cost optimisation. 

Used almost exclusively by water companies, the Environment Agency, and Ofwat, this 

approach identifies the most cost-effective way to maintain levels of service in a single planning 

scenario that combines environmental need with best estimates of the future impact of drought, 

climate change and population growth. Within this planning framework, risk and uncertainty 

are accounted for using a planning allowance known as ‘Target Headroom’. 

While this approach performs well for single sector planning where the supply demand 

investment drivers are well understood, and for regions where the predominant use of water is 

for public water supply, they are less suitable for multisector planning or for planning where 

 
36 Meeting our future water needs: a national framework for water resources - 16 March 2020 - Version 1 – Page 16, 68 
37 Meeting our future water needs: a national framework for water resources - 16 March 2020 - Version 1 – Page 9 
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there is significant uncertainty about investment drivers and the related risks over the long 

term.38 

Given the complexity of, and pressures on water resources in the East of England, a scenario lead 

approach will provide much greater clarity in understanding future uncertainties and planning 

options.  

 

In alignment with both the National Framework and WRMP Guidance, WRE are keen to support 

ambitious approaches to demand management as part of the overall regional strategy, both for 

PWCs and for the wider water usage community. 

 

With the increasing risk of drought and the surge in demand for food, energy and services that 

is likely in future, there is a very real risk that a lack of collaborative water management could 

limit growth and development in our region 

Water Resources East’s focus will be on reducing the demand for water by all users.39 

This multi-stakeholder view will also capture potential future demand challenges that may arise 

from sectors that only partially lie within the PWC domain, allowing for a holistic approach to supply-

demand forecasting and planning. 

 
Although subject to significant uncertainty, over the period to 2050 there are likely to be 

changes in the power and agriculture sectors which could have profound implications for future 

levels of water demand in the WRE region.40 

2.3 Water Company Planning 

The Environment Agency is updating the WRP Guidance for WRMP24. In the current draft Guidance, 

they confirm that the WRMP24 must be closely aligned with the National Framework, Local 

Authority and Regional Plans (WRE) along with the Business Plan, Drought Plan, Drainage and 

Wastewater Management Plan and River basin management plans. 

 

• ‘National Framework (For companies wholly or mainly in England) - The National Framework 

sets out the challenge for water resources over the next generation. You are expected to work 

within and in regional groups to meet this challenge and work together to develop a cohesive 

set of plans that identify the best strategic options to meet the challenges we, as a country, 

face.  

• Regional plans – For the first time, if you are wholly or mainly in England, your WRMP will be 

aligned to a new regional plan. Your WRMP should reflect the regional plan unless there is 

clear justification for not doing so. Given the close link between the regional plan and the 

WRMP we expect that this guidance will be also highly relevant for regional groups. 

• Local Authority plans – Local authority plans set out future development, such as housing. 

Your WRMP should meet planned housing demand.‘41 

 

It is stated that the Water Resources Plan (and consequently aligned WRE regional plan) should 

emphasise demand management, and the reduction of consumption, as a key strategy. Future 

 
38 Collaborating to secure England’s future water needs:  Our initial water resource position 
statement: March 2020 – page 15 
39 Collaborating to secure England’s future water needs:  Our initial water resource position 
statement: March 2020 – page 7 and 9 
40 Collaborating to secure England’s future water needs:  Our initial water resource position 
statement: March 2020 – 12 
41 Water Resources Planning Guideline Working version for WRMP24 - Version 4.2- Page 5 
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forecasts should reflect demand management strategies and align this with the regional plan 

forecasts. 

 

‘There is a clear expectation from regulators and society that all parts of demand are managed 

and, where possible reduced, while acknowledging that your demand is also influenced by your 

customers’ behaviour. 

 

For companies, wholly or mainly in England, your forecasts should be aligned with the regional 

plans. You should demonstrate how you have collaborated at a regional level with neighbouring 

water companies and non-public water supply abstractors to generate your forecasts and have 

made use of best available data and information.’42 

 

WRMP planning should also reflect the planning targets defined in the National Framework, as 

stated; 

 

‘account for future demand reduction planning assumptions and targets set out in the National 

Framework (England only) or set through government policy.’43 

 

With respect to growth, it is indicated that the WRMP should reflect Local Authority projections and 

include strategic growth such as the OxCam Arc.  

 

‘Where your area includes major strategic housing and growth developments such as the Oxcam 

Arc or Garden Communities, you should include the planned growth in your plan. 

• check whether the adopted or draft local plan contains and uses information on local 

housing need 

• use whichever forecast has greater numbers of properties and population in your WRMP to 

You should demonstrate you have incorporated local council information (particularly in relation 

to their published adopted local plans) in England.’44 

 

It is also expected that both the WRMP and WRE scenarios should include the outputs of the Defra 

PCC consultation process (as detailed in the Artesia Report 2020) and should reflect the potential 

impacts from both water company demand management options and potential government 

interventions including mandatory standards and white good labelling.  

 

‘Your plan should also consider the results of water industry club project on ‘Water Demand 

Insights from 2018 (Artesia 2020).’45 

 

The Environment Agency also stress that non-household demand management should be 

promoted more effectively in WRMP24 and included in forecast projections. 

 

‘You should work with the retailers to ensure they promote water efficiency and demand 

management with their customers and collect data on water consumption by non-households.’46 

 

It is also stressed that forecasts for the WRMP and regional plans should be aligned. 

 
42 Water Resources Planning Guideline Working version for WRMP24 - Version 4.2- Page 30 
43 Water Resources Planning Guideline Working version for WRMP24 - Version 4.2- Page 31 
44 Water Resources Planning Guideline Working version for WRMP24 - Version 4.2- Page 32,33 
45 Water Resources Planning Guideline Working version for WRMP24 - Version 4.2- Page 34 
46 Water Resources Planning Guideline Working version for WRMP24 - Version 4.2- Page 34 
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‘Your forecasts should be aligned with the outputs of regional plans. You should demonstrate 

how you have collaborated at a regional level with neighbouring water companies and non-public 

water supply abstractors to generate your forecasts and how you have made use of best available 

data and information. This could include: 

• sharing consumption and segmentation data to increase sample sizes for modelling 

• sharing sub annual data for seasonal peak analysis (including weather, economy and tourism 

driven factors) 

• pooling data, expertise and modelling resources to assess a wider range of viable models i.e. 

allowing you to explore different modelling techniques.’47  

 

All these expectations must be reflected in both the WRMP and WRE planning processes, as set 

out in this document. 

 

Overview 

Forecasting the future demand for water is framed by significant uncertainties with regard to all 

major influent factors. 

Long term water demand forecasting will need to account for many factors/demand elements: 

• The potential for sustained periods of new housing growth where, including for growth 

strategies; OxCam Arc and new ‘garden’ towns, 

• Demographic change: migration patterns, ageing population profiles and reducing average 

household sizes. 

• Economic uncertainties (i.e. the economic impact the UK’s exit from the European Union 

and potential Covid19 impacts).  

• Technological, behavioural and attitudinal changes to water usage (demand management 

strategies including leakage reduction, potentially continuing Covid19 impacts upon 

behaviour (working from home)). 

• Changing industrial, energy sector and agricultural patterns of usage (emergent industries 

such as hydrogen). 

• Changes in weather patterns (climate) and potential drought events need to be considered 

for their impacts, at any given point during the plan projection period. 

 

To understand these uncertainties, a suite or library of projections will be required to reveal how 

the main drivers will affect water demand and consumption change across the region, over the 

long term.  

Coherent demand forecast scenarios will be developed by participating water companies using in-

house modelling processes (or collaboratively, where agreed), with aligned datasets and agreed 

assumptions where feasible. These will be complemented by forecasts for water usage by key non-

household sectors whose demand which is met outside of the PWC domain. 

WRE scenario testing will at its core be aligned with the preferred forecast projections developed 

by the PWCs for their Water Resource Management Plans 2024. This significant alignment will 

ensure that the WRE regional planning and option appraisal will be able to be viewed as being 

‘back to back’ with the development of the company WRMPs. 

 
47 Water Resources Planning Guideline Working version for WRMP24 - Version 4.2- Page 35 
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Additionally, as the WRMP forecasts will be included as key/core scenarios, alignment will be 

sought between the neighbouring regional groups with regard to the core assumptions driving their 

WRMPs (i.e. the OxCAm Arc strategic growth corridor) and any wider scenarios being modelled 

(especially with regard to WRSE). 

As can be seen the inclusion of the OxCAm strategic Arc in the core WRMP plan and in the WRE 

scenarios will cause a significant increase in population above that projected in Local Authority 

Plans. Consequently, confirming the central projection and aligning the selection of the OxCam 

scenarios within the South Eastern regional groups and PWCs will be crucial to the development 

of the plans.(Figure 1) 

 

 

Figure 1. Projected population growth (2100) for the plan projection and worst case OxCam growth 

scenario (OxCam_2b_H – showing % change (range 120% to >200%), (data supplied by Edge Analytics) 

 
3. Proposed approach 

To understand the uncertainties associated with long term water demand forecasting, a suite or 

library of projections will be required to reveal how influent factors (housing growth, demographic 

change, technology, industrial and agricultural development) will affect change across the region 

over time.  

How these factors interplay, with behavioural, technological and industrial change will inform the 

nature of the highest and lowest outcomes over the plan period and how they will interrelate with 

forecasts for the other regional planning groups (for example; taking into account internal 

migration). Scenario development and analysis will allow us to sensitivity test variant factors and 

will indicate the parameters of uncertainty of the long term. 
 

Demand forecasts will be developed, identifying each demand segment and their respective 

influences;  

• Household consumption; measured and unmeasured, 

• Non-household (industrial) consumption, 
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• Leakage; distribution losses; Customer Supply Pipe Leakage (cspl); Distribution System 

Operational Use (DSOU); Water Taken Unbilled (WTU), 

• Non-PWC Non-Household sectors (Agriculture, Energy, Leisure). 

 

A scenario library will be developed with variants based upon:  
 

• Housing projections; 

o based upon current trend, Local Authority Plan and historical completion rates  

o include strategic growth plans (OxCam Arc and ‘garden city’ developments) 

o Projections taking account of potential economic impacts from Covid19; recession 

and growth and internal migration post lock down along with governmental 

strategies to stimulate the economy). 

 

• Population projections  

o based upon ONS variant scenarios for births, deaths and migration 

o with population variants aligned with the variant housing projections.   

 

• Changes in household consumption due to; 

o Meter penetration (dumb; switching unmeasured to measured customers) 

o smart metering  

▪ Impacts on behaviour (PCC) through communications strategies (‘nudging’) 

▪ Impacts on cspl (leakage) and internal plumbing losses (‘leaky loos’ and PCC) 

o Technological change in appliances and utilities (‘White good’ water efficiency 

labelling) 

o Behavioural and attitudinal changes to water usage (positive and negative) 

o Other government and regulatory changes (labelling, mandatory standards) 

o New build water efficiency standards (the installation of water efficient utilities, 

grey/green/blackwater re-use) 

 

• Leakage reduction scenarios (i.e. agreed variant percentage reductions) 

 

• Changes in Non-household/Industrial consumption due to; 

o Population growth 

o Econometric/GVA forecasting 

 

• Changes in Non-PWC - Non-household/Industrial consumption due to; 

o Changes in the energy sector 

o Changes in agriculture 

o Scenarios accounting for future industrial hubs (South Humber Bank) 

 

• Environmental demand (this should be modelled as part of the WRE simulator process) 

 

Scenarios will be constructed to reflect combinations these variant influents to create a full library 

of potential future demand outcomes. The advantage of the creation of a large scenario library, is 

that it will show how the various influences interact and allow sensitivity analysis to each of the 

impacts, over time.  
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Morphological Analysis (MA) is a methodology for reducing large multi-variable problems into much 

reduced internally consistent sets of viable scenarios. Morphological Distance Analysis (MD) is an 

extension of MA, which can identify viable scenarios at the periphery of the analyst’s vision, offering 

the opportunity for developing potentially innovative policy shaping scenarios. 

 

Morphological analysis (pair-wise analysis) will be conducted to determine likely compatibilities 

and incompatibilities between the various scenario influent factors (i.e. should certain low non-

household growth scenarios be compatible with high population growth; note that the highlighted 

selection (below) is illustrative of a pairwise outcome). Table 1  

 

 

 

Households 

Forecast 
Population Forecast 

Potential 

Demand 

Management - 

PCC - Leakage 

variant 

Non-HH 
NonHH- Non-

PWC 

Trend 
Low Trend 

Migration/Fertility/Mortality 
BAU 

Low Non HH Growth 

(aligned to 

population variants) 

Low Non HH- Non-

PWC Growth 

(aligned) 

Plan "Likelihood' - 

approx 70-80% 

Median Trend 

Migration/Fertility/Mortality 

DMO Option 

Package Low 

Median Non-HH 

Growth (WRMP 

Chosen Trajectory) 

Median Non HH- 

Non-PWC Growth 

(WRMP Chosen 

Trajectory) 

Local Authority Plan 

(WRMP Chosen 

Trajectory)  

High Trend 

Migration/Fertility/Mortality 

DMO Option 

Package Medium 

Potentially (WRMP 

variant) 

High Non HH 

Growth 

(aligned to 

population variants) 

High Non HH- Non-

PWC Growth 

(aligned) 

OxCam Arc v1 

Local Authority Plan 

Aligned Population 

Scenario (WRMP Chosen 

Trajectory) 

DMO Option 

Package High 

OxCam Arc v1 – 

Non-HH Growth 

(aligned) 

…  

OxCam Arc v2 
OxCam Arc v1 Aligned 

Population 

DMO - Including 

Non-PWC based 

interventions - 

Labelling, 

mandatory 

Standards 

 OxCam Arc v2 – 

Non-HH Growth 

(aligned) 

  

…. (75 in total) 
OxCam Arc v2 Aligned 

Population 

PCC variant - Socio-

econometric 
…    

 …. (75 in total) …   

Table 1: Potential simplified scenario matrix (note these are multiplicatory leading to potentially many 

variants) 



55 
 

 

Once the library has been completed, a sub-set of scenarios reflecting significant variation can be 

chosen for full analysis in the WRE PyWR simulator. This will include the preferred WRMP variants 

for each of the participating PWCs.  

 

Given the number of potential possible scenarios that may be generated, an agreed pre-selected 

sub-set of scenarios will be chosen, reflecting key core variants (WRMP, high OxCAm); high medium 

and low variants. For consistency, this selection will be aligned with the other regional Plans; 

especially WRSE. 

 

It is envisaged that the initial phase will focus on the development of a set of demand projections 

(DI) for analysis in the WRE simulator (Oct 2020). This will include a provisional assessment of the 

core WRMP24 final plan projection, which will be refined as the full WRMP24 demand 

management CBA process is completed in 2021/22. All forecasts will require refinement between 

the Aug 21 initial Regional Plan/ draft WRMP and the Aug 22 draft plan WRMP. Table 2 
 

 

 

Property and Population  Demand Forecast 

Scenario 

development 

WRMP Preferred 

Projection 

WRE Forecast 

Scenarios 

Including initial 

dWRMP core 

scenario 

dWRMP Development fWRMP Development 

Preferred 

dWRMP 

Plan and 

full CBA 

dWRMP 

option  CBA 

appraisal – 

Alternate 

scenarios 

Confirmed 

Preferred 

fWRMP Plan 

and full CBA 

fWRMP 

option  CBA 

appraisal  

refresh  

– Alternate 

scenarios 

2020  
 

Initial view 

 

Scenarios and 

Initial WRMP view 

    

2021  
 

WRMP revision 

 

WRMP refresh 
    

2022  
 

dWRMP revision 

 

dWRMP preferred 

scenario refresh 

    

2023   

fWRMP revision 

 

fWRMP preferred 

scenario validation 

    

Table 2: Initial indicative timeline) 

 

The elements required to generate the demand forecast scenarios are detailed below: 
 

3.1 Development of property and population scenarios; including the key WRMP24 

property/population forecast. 

A suite of variant housing and population projections will be required for the WRE region (for the 

period 2020 to 2100). These will be developed utilising an aligned dataset of population and 

property projections for all participating PWCs, at a sub-regional level. 

 

The core WRE projections will align with WRMP24 property and population forecasts, as agreed 

between the participating PWCs in alignment with water Resources Planning Guidance.  
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Guidance indicates that core WRMP demand forecasts should be developed using Local Authority 

Plan projections, such that water availability will be guaranteed to meet regional growth, and that 

core scenarios should also account for strategic development including the OXCam arc.  

 

For the purposes of WRE scenario testing a much broader view will be required for potential future 

outcomes to 2100, in order to scenario test variant population/housing distributions and worse 

case scenarios (very high population growth).  

 

Robust housing and demographic forecasts are a key consideration in the planning guidelines 

established for both the Water Resource Management Plan (WRMP) and WRE processes.  

Understanding how housing growth and demographic change over the short, medium and long 

term will affect the future requirements for water and wastewater services across the WRE region 

are a critical element of the collective business planning process, both informing the WRE’s option 

appraisal, the WRE Statement of Regional Resource Position (SRRP) and the WRMP24 forecasts 

for each member of the regional group.  

Tasks that will need to be undertaken include: 

 

• Collect, organise and deliver Local Plan evidence from all Local Councils, providing both 

macro and micro (site-level to inform more detailed planning (WRC)) detail on planned 

housing growth, distribution and phasing. 

• Develop population and property forecasts (with an outlook horizon to 2100) for all water 

(WRZ, PZ) and wastewater geographies (and Census Output Areas (COA)), combining plan-

based and demographic-led data inputs and assumptions, as appropriate (long term 

forecasting). 

• Produce a core property and population projection to be used in WRMP24. 

• Variant property projections will be based upon LAUA Plan, ONS trend, LAUA 

completion rates, strategic growth (OxCam Arc) scenarios, with population 

forecasts allowing for variations in fertility, mortality, migration 

• Provide hidden and transient (H&T) population estimates for the WRE region (to inform 

both population forecasts and potential peaking factors). 

• Select the key variants which will be used to generate consumption forecasts. 

•  these inform the key selected scenarios for inclusion in the WRE simulator. 

• Align scenario selection with other regional groups (WRSE and OxCam) where 

applicable. 

• Ensure alignment with the WRMP24 core forecast, in alignment with EA Guidance. 

• Coordinate the production of the required WRE simulator demand forecasts based upon 

these property/population variants  

Population and property projection over the long term is subject to significant uncertain, being 

influenced by many factors; economic activity, government strategy, migration, fertility rates 

mortality. Consequently, in order to understand the level of uncertainty, Edge Analytics have been 
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commissioned to compile all relevant evidence required to produce a suite of projections for both 

population and properties for the WRE region (this will align with WRSE).48 

This will produce a suite of 25 near term property/population forecasts and 75 long term variants, 

as described in detail below. Figure 2 

                        

 
Figure 2: Variants based upon property and population projections to 2100 (source Edge Analytics) 

 

The 25 key variants will be extrapolated to 2100 using ONS based long term factors to produce a 

suite of 75 potential Household/Population variants, for use in generating DI (This is described 

below).  A sub-selection of these (highest, median, plan-based, lowest) will be chosen for initial 

analysis in the WRE simulation process, with the remaining variants providing evidence for further 

detailed sensitivity analysis. The graph below shows the potential spread of projections that will be 

available for scenario development. Figure 3 

 

                      
Figure 3: Example of projections at WRZ level (source Edge Analytics) 

 

 
48 Edge Analytics Report - VICUS - Methodology - Draft - 01.07.2020 
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As described in the figure and in the Edge Report, ‘WRE Population & Property Forecasts – 

methodology and Outcomes – July 2020’, growth scenarios have been developed to reflect both 

planned housing, GLA, recent completion, econometric and trend population variants in the nearer 

term (see table below).Table 3 
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Table 3 Scenario variants 2020-2050 (source Edge Analytics) 
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Table 3 continued: Scenario variants 2020-2050 (source Edge Analytics) 
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In the long term (2050-2100) where there is significantly less certainty, for each of the 25 

scenarios presented, a long-term growth outlook is considered, extending the scenario horizon to 

2100. Growth scenarios for the 2050–2100 period are aligned to the ONS 2018-based NPP, 

configuring a principal, low and high growth outcome. Three variants for each scenario have, 

therefore been produced, for the period 2050 to 2100 based upon the criteria described below. 
Table 4 

 
Scenario Description 

Principal (‘-P’) The Principal long-term scenario incorporates the mortality and fertility 

assumptions of 

the ONS 2018-based NPP Principal scenario, plus its Principal net international 

migration 

assumption of +190k p.a. for the UK in total. 

Low (‘-L’) The Low long-term scenario incorporates the mortality and fertility assumptions 

of the 

ONS 2018-based NPP Principal scenario, plus a Low net international migration 

assumption of +90k p.a. for the UK in total. 

High (‘-H’) The High long-term scenario incorporates the mortality and fertility assumptions 

of the 

ONS 2018-based NPP Principal scenario, plus a High net international migration 

assumption of +290k p.a. for the UK in total. 

Table 4: Scenario definitions 2050-2100 (source Edge Analytics) 

 

Key variants will be selected from this library, reflecting alternate growth outcomes (high, medium 

and low). Scenarios will also be considered, based upon recent Local Authority new-build 

completion data (potentially being more ‘realistic’ in the near term) and will attempt to account for 

current economic conditions (post Covid19). All growth scenarios will need to be agreed, between 

WRE member PWCs, key stakeholders and be aligned with other regional groups. 

 

Key scenarios for WRE will be chosen in alignment with WRSE modelling (note they are also using 

Edge Analytics data).  It is envisaged that the key scenarios may be described as below (subject to 

agreement) Table 5 

 

Scenario Description 

Housing-Plan-P Housing-Plan-Preferred 

OxCam-2b-r-H Maximum growth projection 

ONS-18-High-P Median growth projection 

ONS-18-Low-L Minimum growth projection 

Completions-5Y-P Completions-5Y-P projection 

Housing-Need-H Housing-Need-H projection 

Table 5: WRE Potential Sub-selection of growth Scenarios (this is a selection from the full scenario suite 

provided by Edge) 
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Additionally, a core WRMP24 variant will be chosen to ensure compliance with the EA regulatory 

framework (based upon LAUA plan projections, locally assessed housing need and including 

strategic growth areas such as the Oxford-Cambridge growth corridor (OxCam)).49   

 

This will be aligned between the participating WRE water companies and between WRE and WRSE 

to ensure that OxCam will be included in all plans coherently across the PWCs and Regional 

planning areas. In accordance with WRMP Guidance, strategic growth related to OxCam should be 

included in the principal WRMP projection. This scenario will be chosen from the following sub-set 

of the variants. These have been generated by Edge Analytics, using the best current intelligence 

regarding potential ‘build-out’ rates and spatial distributions. Table 6 

Scenario Description 

Housing-Plan-P Housing-Plan-Preferred 

OxCam-1a-r 23k dpa (dwellings per annum), New Settlements – 56%% of growth in AWS 

OxCam-1b-r 23k dpa (dwellings per annum), Expansion – 75%% of growth in AWS 

OxCam-2a-r 30k dpa (dwellings per annum), New Settlements – 56%% of growth in AWS 

OxCam-2b-r Dpa (dwellings per annum), Expansion – 75% of growth in AWS 

Note Expansion based upon cities – Milton Keynes , Luton, Bedford, Cambridge, Northampton Peterborough 

New Settlement – includes areas in Cherwell / Aylebury Vale, Central beds, South Cambs 

 

Table 6: WRMP Core Potential Growth Scenario (one of these will need to be selected) 

 
As can be seen from the following graph, agreement will be required to align the chosen OxCam 

scenario, such that growth is not under-represented or double counted between WRE /  WRSE. 
Figure 4 

 

     
Figure 4: Potential distributions between WRE and WRSE from the growth due to the OxCam Arc (Source 

Edge Analytics) 

 
The size of development associated with OxCam will have a significant impact on water demand, 

wastewater treatment, flood risk management and environmental protection. Although demand 

 
49 Edge Analytics Report - OxCam - WRE - Draft - 01.07.2020 
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management may alleviate the increased water requirements, population driven wastewater 

treatment will have no equivalent mitigation.  

 

Note that there is currently no preferred option that might be selected from the four presented 

OxCam variants. It is, therefore envisaged that these will be analysed with respect to the above 

impacts (regarding the WRMP, WRE and DWMP) and a core scenario selected for inclusion in 

WRMP24, once these factors have been considered by all relevant stakeholders. Given the scale 

and long-term nature of the OxCam strategic development, continuous monitoring will be required, 

and planning should be adaptive to future changes in development growth. 

 

3.2 Household consumption forecast; demand management option and behavioural change 

scenarios. 

Household consumption will be derived in accordance with in-house WRMP modelling 

methodologies, using consistent key datasets and assumptions, where feasible. Comparative 

analysis will be conducted on these modelling methodologies to ensure alignment (where feasible) 

and, at a minimum, ensure supporting dataset alignment, whist understanding divergences. 

 

It is understood that the member PWCs contributing to the WRE Regional Plan have established 

internal methodologies for forecasting future household consumption. One of the key factors 

influencing this is population/housing growth, as described in Section 3.1, we are keen to fully 

align this using the Edge Analytics projections.  

Methodologies used to prepare demand forecast have followed published best practice as defined 

in WRM19 Methods; 

 

• UKWIR (2016) ‘Population, household property and occupancy forecasting’ – Guidance 

manual, supplementary report and worked example 

• UKWIR (2016) ‘WRMP19 methods – Risk based planning’ 

• UKWIR (2016) ‘Integration of behavioural change into demand forecasting and water 

efficiency practices’ 

• UKWIR (2012) ‘Customer behaviour and water use – A good practice manual and 

roadmap for household consumption forecasting’ 

 

With regard to Per Capita (Household) consumption the participating Water Companies will derive 

forecasts using the methodologies, as briefly described. Table 7  

 

Where alignments in either supporting data or assumptions are feasible these will be agreed by 

the participating PWCs. 
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Option Household demand forecast modelling approaches 

Anglian Water Consumption/PCC values derived at Planning Zone level (PZ) for segmented customers 

(measured, unmeasured, optant, newbuild).  

Consumption savings are determined due to meter switching unmeasured to measured 

using industry accepted assumptions. Occupancies are derived from ONS data. 

Changes in PCC are determined using detailed demand management option analysis. 

This determines PCC savings per year per option (water efficiency, ‘plumbing loss’, cspl) 

by cohort (including full CBA, saving, decay rates etc.) applied at sub-regional level to 

consumption/PCC.  

Micro-component analysis is used to calibrate forecast savings. 

Further account is taken of potential influences from technological/attitudinal/climatic 

change.  

Affinity Water AW produce a baseline household consumption forecast using multiple linear 

regression (MLR) modelling and forecasting. It combines occupancy, property type, 

socio-demographics and weather in a dynamic model which can be used to forecast 

household consumption. 

Micro-component (MC) modelling for PCC is utilised and adopts a bottom-up approach 

by estimating household use at component level i.e. per equipment type such as a 

shower or toilet use, then calculates per capita use based on the population and 

property forecast by unmetered and metered bill type to build a water demand model. 

By forecasting changes in each of the variables (O, V, F or daily water use for each 

micro-component) over time, a water demand forecast can be created. Hence, the 

micro-component forecast model requires estimates of changes in these variables to 

reflect future changes in technology, policy, regulation, and behaviour. 

Household consumption forecasts derived from the multiple linear regression model 

(MLR) and are fed into the micro-component model as per household consumption 

figures (PHC) for measured and unmeasured households in each water resource zone. 

The micro-component (MC) model takes the PHC values as inputs and then splits the 

household consumption into micro-components each year, based on the micro-

component split for household consumption in each year calculated from the MC 

model. 

Essex and Suffolk Water a. Household demand is forecasted by PCC using a micro-component data set for measured 

and unmeasured properties by region (Essex/Suffolk).  The PCCs are rebased to the base 

year of the forecast, this is then increased to allow for meter under-registration and an 

estimate of supply pipe leakage for internally metered households.  Metered properties 

are segmented into existing, new, selective, the micro-component forecasted PCC is used 

for the existing measured/unmeasured properties.  New PCCs are based on a company 

new home study. Each measured segment has a separate occupancy forecast, based on 

a customer demand questionnaire/billing data and for WRMP24 CACI occupancy.  Optant 

PCCs are forecasted based on an assumed saving from the unmeasured PCC forecast. 

b. In line with the WRPG (Environment Agency, 2017a) requirement, ESW used local 

authority Plan housing growth evidence from all local authorities and has selected the 

Plan-based scenario for WRMP19. 

c. The following demand management options will impact average PCC and should be 

considered as external factors to the household forecasting process:  metering, water 

efficiency savings estimations, void property strategy, and meter under registration. 
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Cambridge Water The baseline household consumption forecast has been produced using micro-‐
component modelling and forecasting, which is suitable for a zone with a moderate level 

of water resource planning concern. A new micro-component forecast model was 

developed for us for WRMP by consultancy firm Artesia. This model will be updated and 

populated to inform the WRMP24 and Regional Plans for both regions. 

The model quantifies the water used for specific activities (for example, showering, 

bathing, toilet flushing, dishwashing and garden watering by combining values for 

ownership (O), volume per use (V) and frequency of use (F). The micro-component model 

is combined with property, population and occupancy forecasts in a unique way in that 

the micro-components vary with occupancy. 

Micro-components are then forecast using a combination of longitudinal micro-

component data and future market transformation programme derived micro- 

component values. These trends are applied to the normal year micro-component values. 

An additional occupancy specific trend is also added, to ensure that the varying 

occupancy within each of the household segments is captured. 

Data from national studies was used to update previous micro-component estimates - 

From surveys, the Market Transformation (MTP) scenarios and other, older sources  - and 

to consider upper and lower consumption forecasts. 

Relevant data, existing survey results, and consumption data from metered customer 

billing records were all analysed and investigated, along with data collected in the 2016 

UKWIR behaviour integration study, to estimate base year micro-component estimates. 

Household customers were segmented based on meter status (measured/ 

unmeasured), with sub-divisions for meter type (existing metered, free meter optants, 

new property). Data was used to determine how to account for differences in 

consumption between segments and also the effect of meter switching. Normal year and 

dry year adjustments were made to the base year consumption and the 

consumption forecast. 
 

Severn Trent d. We forecast the demand for water from households in each of our resource zones and, 

by aggregation, over the company area as a whole.  The key components used in 

forecasting household demand are: Population and household numbers, Consumption in 

unmeasured, Consumption in measured households  

e. In each case, we determine the current position in a base year, and then forecast changes 

in each component from that starting year over the following 25 years.  We take account 

of demographic, social, economic, lifestyle, environmental and such other factors as are 

likely to influence how consumption patterns may change over the next 25 years.  We 

break consumption in measured and unmeasured household down into micro-

components which together sum to give the overall consumption total.  The micro-

components we use are: toilet flushing; personal washing; clothes washing; dish washing; 

miscellaneous internal use; external use.   

We then forecast changes in water consumption at the micro-component level over the 

planning horizon.  Our forecast makes use of a national micro-component survey of 62 

properties, alongside survey data which was collected at property level for the monitoring 

period. Each household segment has a different base year OVF table / calculation, these 

are based on both measured differences between measured and unmeasured 

households, as well as assumptions made about devices within new properties and 

optant properties. 

Micro-components are then forecast using a combination of longitudinal micro-

component data and future market transformation programme derived micro-component 

values. These trends are applied to the normal year micro-component values. An 

additional occupancy specific trend is also added, to ensure that the varying occupancy 

within each of the household segments is captured. 

Table 7: Household Consumption (PCC) modelling approaches 

 

Core WRMP scenarios will be derived for inclusion in the WRE modelling process, reflecting both 

baseline and final plan (fWRMP) out-comes. This will reflect the different approaches finally 

decided upon by each PWC, with regard to the implementation of demand management options in 

their WRMP. However, key regional datasets and assumptions will underpin these WRMP forecasts, 

allowing for regional comparison of the final WRMP outcomes. 

 



66 
 

Additional household demand scenarios will be developed to reflect an agreed set of variant 

options (metering, behaviour management, demand management targets).  

 

This process will include:  

 

• PWCs will agree the approach to developing Household consumption forecasts for all 

potential scenarios (in alignment with pop/HH variants) include potential strategic growth 

areas (OxCam Arc). 

• Align PWC modelling assumptions where feasible (noting that PWCs will continue to model 

‘in-house’ (or collaboratively as appropriate)). 

• Agree and align, where possible, baseline and final plan WRMP24 scenario assumptions, 

noting that the WRE assessment process will need to be iterative, to accommodate WRMP 

planning timeframes (the fWRMP forecast may need to be analysed in later iterations of 

the WRE model to check final alignment).  

• Develop scenarios to reflect demand management options including smart metering and 

behavioural change interventions; include non-PWC options.  

o Note the core WRMP demand management scenario for each PWC will be 

developed separately according to assessment of each company. 

▪ These demand management option packages will be included in the key 

WRMP24 scenarios developed by each PWC. These will be subject to full 

CBA within each company.  

• Develop and agree additional demand management option variants to include: 

o  scenarios that reflect the Defra Consultation and the results of the water industry 

club project on ‘Water Demand Insights from 2018 (Artesia 2020). 

o Scenarios that reflect alternate PCC outcomes in line with different ‘states of the 

world’ i.e. socio-economic scenarios 

• Consider peaking factors (weather etc.), the impact of longer-term factors (climate change) 

and Target Headroom in order to understand how they will be applied in both the 

WRMP/WRE modelling processes and how they will align. 

• Coordinate the production of the required WRE simulator inputs. 

 

Demand management options, behavioural change and WRE scenarios. 

As noted in the National Framework document, the water industry must be committed to ambitious 

demand reduction programmes which support the emerging national target of reducing per capita 

consumption to 110 l/h/d by 2050.  

 

Core projections will need to take this into account in developing demand management and water 

efficiency strategies for WRMP24. These will be developed at PWC level to reflect the differing 

starting points for each company. 

 

For WRE scenario testing, household consumption additional variants will be derived to reflect 

multiple behavioural changes and demand management interventions over the longer-term. 

Future water demand will be determined, whilst including influences and factors, such as: 

 

• changes in water usage behaviour (household); 

• metering effects on demand (both as consumers switch from being unmeasured to 

measured and smart metering); 
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• increasing water efficiency and sustainability practises; 

• changing design standards of devices that utilise water 

• tariffs on water usage; 

• the potential application of grey/green/blackwater reuse; 

• improved design standards in new build property 

• changes in technology and practises for leakage detection and repair, and 

• climate change and weather patterns. 

 

Households and populations will be segmented for both the base and forecast period at WRZ level; 

with one of the main differences being between measured and unmeasured customers. Future 

household consumption forecasts will be developed in alignment with PWC demand management 

strategy option appraisal processes, such that key scenarios can be fully aligned between the 

WRMP24 and WRE framework.  

 

For the WRE process, scenarios will be agreed and developed to reflect more variant targets for 

PCC reduction including: 

 

• potential interventions which might lie outside of the remit of PWCs (government lead 

mandatory standards), reflecting;  

o the Defra Consultation,  

o the results of the water industry club project on ‘Water Demand Insights from 2018 

(Artesia 2020) and  

o alternate PCC outcomes (potentially in line with Phase 1: different ‘states of the 

world’ i.e. socio-economic scenarios) 

• a worst-case scenario will be developed to reflect potential increases in PCC due to 

attitudinal changes.  

• a post Covid19 impact assessment (potential changes to consumption, due to home 

working) 

 

A set of high, medium, low and preferred (WRMP24) demand management option packages will 

be designed (with agreed assumptions) to potentially include the following interventions at various 

levels and implemented over differing timeframes. Table 8  
 

Option Description Main ‘driver’ 

Smart metering Progressive smart metering by region – automatic 

switching (with or without an innovative tariff) 

Water company 

Pressure management Pressure management – extension of current 

approaches 

Water company 

Home visits Leaky loo ‘find and fix’ Water company 

Asset management Leakage-driven infrastructure renewal  Water company 

New technology Fixed noise/Permanent logging for leakage reduction  Water company 

Market transformation Mandatory water labelling of water products  

(may be associated with Building Regulations and 

minimum standards) 

Government  

Behavioural change Communications driving behavioural change  Water company, all 

Recycling Community wastewater recycling Other 

Table 8: Potential demand management options  
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Demand management option packages will be agreed and will be derived using a generic set of 

potential interventions (with agreed assumptions). A potential suite of demand management 

option packages may include the following high, medium and low scenarios, with additional 

scenarios reflecting government interventions and the final WRMP24 PWC option packages. Figure 5 

 

 

Figure 5: Potential demand management option packages  

 

It should be noted that the core demand management option forecast should be identical to that 

included for WRMP24 (the fWRMP forecast may need to be analysed in later iterations of the WRE 
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model to check alignment). WRMP24 demand management options (including the preferred 

package) will be subject to full CBA option appraisal as part of the WRMP24 process, noting that 

the core WRMP demand management scenario for each PWC will be developed separately 

according to assessment of each company. 

 

Once these scenarios have been derived, they may then be applied to the population/housing 

projections for inclusion in the WRE simulator (potentially in alignment with future socio-economic 

defined futures, as in the figure below Figure 6 

 

o it is noted that the selected Demand forecast variants used in the WRE simulator 

will include chosen demand management packages implicitly within forecast 

consumption elements (as demand options are not being individually assessed in 

the WRE simulator).  

o Demand management option packages may be defined according to potential PCC 

outcomes and socio-economic scenarios (and will include the key scenario 

reflecting each PWCs WRMP), but will be derived, where possible from PWC 

demand option CBA assessments, as described above (in order to maintain 

alignment with the WRMP24) 

 

 

Figure 6: Potential WRE scenario framework – detailed 

description (and translation into DMO/PCC variants) to be 

agreed and aligned between regional groups  

 

3.3 Non-Household forecast scenarios (including Non-PWC) 

Non-household consumption accounts for a substantial proportion of overall demand.  

Non-household PWC consumption forecasts will be developed in accordance with in-house WRMP 

modelling methodologies, using consistent key datasets and assumptions, where feasible. 

Comparative analysis will be conducted on these modelling methodologies to ensure alignment 

(where feasible) and, at a minimum, ensure supporting dataset alignment, whist understanding 

divergences. 

 

Understanding non-PWC demand, is a key component in the WRE regional planning process. 

Sectors including agriculture and the energy sector will be modelled in alignment with PWC non-

household scenarios. Additionally, scenarios will be developed to reflect emergent technologies, 

such as the hydrogen economy. 



70 
 

 

This process will include:  

 

• PWCs will agree their approach to developing Non-Household consumption forecasts for 

all potential scenarios (in alignment with pop/HH variants; reflecting econometric, GVA, 

employment forecasts) 

• Align PWC modelling processes and assumptions where feasible (noting that PWCs will 

continue to model ‘in-house’ or collaboratively as appropriate (Non-PWC-Non-HH demand)); 

understand where modelling diverges. 

• Align assumptions regarding non-household segmentation (where possible). 

• Agree baseline and final plan WRMP24 scenario assumptions. 

• Include potential savings from Non-Household water efficiency options that may be applied 

to non-household segments 

• Consider peaking factors (weather etc.) and the impact of longer-term factors (climate 

change) that may be applicable to Non-Household demand segments 

• Coordinate the production of the required WRE simulator inputs. 

• Coordinate the production of aligned Non-PWC scenarios for Agriculture / Energy Sectors; 

collate available datasets regarding non-household demand in the WRE region. 

• Develop scenarios to include potential non-household growth hubs and new technologies 

(hydrogen). 

• Agree methods and assumptions for including potential non-household water efficiency 

strategies and options. 

 

It is envisaged that Non-Household consumption will be modelled by characterising non-household 

customers by geographical area and industrial sector. Historical regression modelling may then be 

applied to each sectors consumption. Historic analysis can then be calibrated, based upon the 

appropriate selection of explanatory variables, such as numbers in employment or the level of 

economic activity (GVA), which most appropriately account for historical trends and variations in 

demand.  

The participating companies have indicated that the following methodologies will be applied in 

deriving their non-household forecasts. Table 9 

Where alignments in either supporting data or assumptions are feasible these will be agreed by 

the participating PWCs. 
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Option PWC Non-Household demand forecast modelling approaches 

Anglian Water f. AWS will use historic consumption data and regression based analysis to derive forecasts for 

future non-household demand based upon groups relating to Standard Industrial 

Classifications. 

g. The following data will be used to derive the non-household forecasts: 

• Historic consumption data for non-household properties (PWC) 

• Non-Household property SIC code classification 

• The East of England Forecasting Model (Oxford Economics) which includes forecasts 

of Gross Value Added (GVA), Employment and Population 

• Public domain evidence for prospective new major customers 

h. Industry sectors will be characterised and  aggregated into Night Use groups (aligned with 

the Standard Industrial Classification (SIC) codes), include; 

• Public sector - “Education” and “Health” (relating to household population) 

• Recreational: private sector focused - “Hotel”, “Holiday Camp”, “Restaurant” etc. 

(relating to household population) 

• Office or domestic: “Office”, “Media”, “Washing and Dry Cleaning”, and “Transport” 

• Retail both public and private 

• Agriculture / Industrial: “Arable”, “Aquaculture”, “Pastural”, “Construction”, 

“Materials Manufacturing”, “Textile Manufacture” and “Mining” 

• Remaining non-service sectors: “Food Processing”, “Beverages”, “Facilities”, 

“Utilities”, “Repair and Maintenance” and “Waste” 

• Unknown: Consumption without a known sector. 

This will allow Water Resource Zones (WRZs) to be characterised by non-household sector, as 

shown below, and projections to be made accordingly (based upon relevant influent factors). 

Affinity Water The non-household customers are divided by geographical area (WRZ) and industry sector 

and then separate models developed to forecast consumption based on one or more 

explanatory factors such as numbers in employment or the level of economic activity. 

Other major uses and major developments proposed in the area are modelled individually 

as the have a sizeable impact on future demand. 

Essex and Suffolk Water i. ESW have developed a proprietary forecast methodology for non-household demand. This 

methodology uses trend data based on past actual customers use to predict a profile of 

future demand. The demand forecast applied an individual trend line for each identified 

customer. For all the remaining non-identified customers an average demand per property 

has been derived and the same trend approach had been applied using the average 

demand per property. The forecast average per property is then multiplied by the forecast 

number of non-identified properties to generate a total forecast demand for the non-

identified customers. 

For AMP 8 a percentage of non-households will receive a water demand questionnaire 

regarding future use of water to enable planning scenarios. 

 

ESW have used trend analysis for the previous two WRMP’s and these have proved 

sufficiently accurate. Taking into account these key assumptions a formula was developed 

that uses a logarithmic trend as a base to forecast demand. This forecast is based on three 

sections:  

• Trend data  

• Step change adjustment  

• Economic adjustment  

Cambridge Water A trend-based model has been used to forecast non-household demand. 

Non-household consumption is analysed using a ‘trend-based’ approach at a high level, 

and subsequently, at individual industry level and consumption bands. Large users are 

also considered separately. Consumption figures are tested against a set of economic 

factors including, but not limited to: unemployment; Gross Domestic Product (GDP); and 

population. 

The update of this model for the WRMP24 and Regional plans will consider an 

Econometric forecasting methodology to ensure a robust forecast has been achieved 

particularly with the uncertainty around the ‘OxCam arch’ scenarios. 
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Severn Trent The 25-year non-household water demand forecasts will be constructed using econometric 

models that relate non-household water demand to measures of economic activity (output 

and employment) in our region.  We will take account of trends in water demand that are 

unrelated to economic conditions and reflect secular trends in the efficiency of water use 

by non-household consumers.   These models will follow the best practice guidelines laid 

out by the Environment Agency in developing water demand forecast for the next twenty-

five years. 

 

The econometric models will be constructed on an industry sector basis for which we 

classify industries by a Standard Industry Classification (SIC) code, a code classification for 

categorising business activity. We will relate historical trends in non-household water 

demand for each of 30 SIC- based industries to local economic conditions in those sectors.  

This approach maximises the ability of the forecast models to incorporate industry-specific 

relationships between economic activity and non-household water demand. 

Table 9:  PWC Non-Household Consumption (PCC) modelling approaches 

It is noted that regression modelling will not capture potential step changes in non-household use, 

which might arise from emergent industries (i.e. hydrogen hub, carbon capture and storage, 

specialist agricultural developments (e.g. glasshouse horticulture)). These industries might involve 

the use of non-potable/non-PWC water resources (or water re-use systems) but will need to be 

accounted for in the total demand forecasts. Additional consultant input will be required to quantify 

potential impacts from emergent industries. 

Non-Household demand at the Water Resource Zone level (WRZs) in the WRE region will, 

consequently, be able to be characterised non-household sector, as shown below, and projections 

to be made accordingly (based upon relevant influent factors). Figure 7 

 

Figure 7: Example percentage splits for different categories at WRZ level 

 

Non-Household consumption forecast scenarios forecasts will be developed, reflecting the mixture 

of industries at WRZ level in alignment with the variant projections for population and housing 

(Edge variants). Econometric modelling will factor the following influences on a sector by sector 

basis. 

These scenarios may reflect: 

• Property and population variants (from Edge) 

• Variant economic growth - employment and GVA growth rates. 

• Non-Household water efficiency measures (WRMP24 demand management options) 
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Assumptions informing the central scenario (which will inform WRMP24) will need to be agreed 

(these may include the continuation of current trends involving, for example, pressures from the 

Environment Agency to reduce demand, metering and water efficiency programmes and use of 

effective appliances to reduce water consumption.   

Impacts of climate change and retail separation will also be considered, however, no strong 

evidence of correlation between annual demand and climate change has been found. 

3.3 Non-Water Company - Household demand assessment 

Non-household demand for sectors not included in PWC demand will be separately modelled for 

inclusion in the total non-household demand forecast projections. These will include: 

• Energy 

• Agriculture 

• Food production 

• Recreational (for example golf courses) 

Additional intelligence will be sought to inform where potential industrial growth hubs may impact 

demand (South Humber bank). 

Major non-PWC, non-household demand sectors will be modelled using expert evidence, especially 

regarding the agricultural and energy sectors (being mindful of emergent trends and technologies 

in the energy sector (hydrogen). Cranfield University have been involved in research particularly 

with respect to the Agricultural sector, which will be referenced and modelled. 

It is noted in the WRE Initial Water Resource Position Statement that, achieving UK net carbon zero, 

will drive significant changes in the energy sector and this could impact specific regions in the East 

of England; 

‘There may also be significant growth in the water related needs of the power sector, as 

decarbonisation of gas and electricity systems drive an increase in carbon capture use and 

storage (CCUS) and hydrogen production. It appears likely that the focus for any such activity It 

appears likely that the focus for any such activity in our region could include the Humber South 

Bank and that these demands, if realised, will start to emerge from the early 2030’s 

onwards..’50  

 
These demands will be assessed for inclusion in demand scenarios for inclusion in the WRE 

simulator process. 

 

Agriculture (Non-PWC) 

As stated in the Cranfield University Report, ‘Forecasting Changes in Agricultural Irrigation Demand 

to Support a Regional Integrated Water Resources Management Strategy’, 

 
‘The Anglian region is predominantly rural, with agricultural cropping accounting for over 80% 

of land usage. This region is also one of the driest and water-stressed parts of the UK, with 

average rainfall of around 600mm per year. A reliable supply of sufficient quality water is 

critical for growing crops, raising livestock, processing fresh produce, and manufacturing food 

and as an ingredient in beverages.’51 

 

Peak demand (attributable to irrigation) for this sector can reach significant proportions when 

compared to PWC daily demand (noting that Anglian Water supply approximately 1100Ml/d).  

 

Long term projections will need to account for the latest climate forecasts (Met Office (UKCP18), 

in determining potential future changes to these seasonal peaks. 

 
50 Water Resources East:  Collaborating to secure England’s future water needs:  Our initial water 
resource position statement: March 2020 – Page 13 
51 Forecasting Changes in Agricultural Irrigation Demand to Support a Regional Integrated Water 
Resources Management Strategy – Page 5 
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On average, peak daily summer irrigation abstraction is around 350 Ml/d, but in very dry 

summers can almost double to c600 Ml/d.52 

 

Future demand for this sector will need to be conceptualized in a manner consistent with the 

regional simulator ‘integrated water resources management’ (IWRM) approach. As described: 

 
‘IWRM initiatives are intended to create an improved shared understanding of competing 

water pressures and foster collaboration between water-dependent sectors in the region. To 

incorporate agriculture, or any sector, into an IWRM process, it is necessary to integrate 

approaches that combine both objective quantitative modelling techniques with subjective 

qualitative interpretation of stakeholder perceptions, interests, and concerns.’53  

 

Scenario analysis has been developed to describe plausible futures for the agricultural sector.  

 

Consideration will be given to how these socio-economic scenarios align with the PWC growth and 

PCC forecast scenarios described above.  

                   
Figure 8: Plausible agricultural futures according to socioeconomic scenarios for the United Kingdom, 

defined according to two axes of uncertainty54 

 

These scenarios will be coherently combined with the other demand forecast elements to give a 

complete view of demand in the WRE region. 

 

Energy (Non-PWC) 

The energy sector is a substantial user of water in the WRE region, accounting for between 49-

63Ml/d (18-23Mm3pa) of freshwater consumption. Significant uncertainty surrounds future 

demand, as this sector adapts to a decarbonised future. 

 

Research has been commissioned to analyse possible future water requirements, resulting in 

report; ‘Scenarios for the projection to 2050 of Water Use by Power Producers – with a focus on 

WRE’. As stated, 

 

 
52 Forecasting Changes in Agricultural Irrigation Demand to Support a Regional Integrated Water 
Resources Management Strategy – Page 8 
53 Forecasting Changes in Agricultural Irrigation Demand to Support a Regional Integrated Water 
Resources Management Strategy – Page 8/9 
54 Forecasting Changes in Agricultural Irrigation Demand to Support a Regional Integrated Water 
Resources Management Strategy – Page 13 
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‘This study is aimed, in particular, at informing the Water Resources East (WRE) regional 

plan, which is of particular interest to the power sector given the history of the power sector 

in this region and the water resource challenges WRE faces.’55 

 

Water usage by the energy sector has declined by 75% in the WRE region since 2010, reflecting 

the marked decline in coal-fired electricity production. However, with pressures resultant from the 

net-zero carbon target, this trend may in the long-term reverse, as technologies such as hydrogen 

are adopted, leading to even greater consumption figures than those seen previously.  

 

Scenarios have been developed to reflect the scale of uncertainty regarding the technologies that 

may be employed within energy sector and the timings of their deployment. As stated, 

 
‘The evolution of energy systems is the result of a complex process between several inter-

linked driving forces such as population, socio-economy, technological progress, prices, 

environment constraints. The objective of achieving Net Zero emissions of greenhouse 

gases by mid-century places even greater importance on a rapid decarbonisation of the 

system.’56 

 

Consequently, scenarios have been developed to reflect; 

 

• the National Grid FES19 (Future Energy Scenarios) alternatives (released by National Grid 

in 2019, before the UK Government committed to net zero and therefore not consistent 

with this legal obligation) 

• the National Grid, NG19 (Net Zero Carbon Sensitivity Scenario for 2050) and  

• the CCC19: Net Zero 2050 (Committee on Climate Change) scenarios. 

 

     
 

Figure 9: representation of the four FES19 scenarios released by National Grid 

 

It is noted that very significant increases in energy sector demand might emerge, as various 

technologies are considered. Under certain scenarios;  

 

 
55 ‘Scenarios for the projection to 2050 of Water Use by Power Producers – with a focus on WRE’ - 
summary 
56 Scenarios for the projection to 2050 of Water Use by Power Producers – with a focus on WRE’ – 
Page 40 
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‘Maximum daily freshwater consumption might exceed: 600Ml/d (hydrogen pathway), 

500Ml/d (electric pathway) or 400Ml/d (hybrid pathway).’57 

 

Additional consideration will be given to potential locations that may see significant development, 

with regard to the energy sector, such as the South Humber Bank area. 

 

These scenarios will be combined appropriately (i.e. in alignment with growth and population) with 

all the other demand forecast elements to give a coherent, holistic view of demand across the WRE 

region.  

 

Non-Household demand management and water efficiency 

Developing water efficiency strategies for non-household sectors will form a key additional element 

for demand reduction strategies, for water companies, retailers and other major sectors that are 

heavily dependent on water supplies. Given the size of demand that is attributable to non-

household demand, there is significant ambition to build upon household demand management 

for WRMP24 and WRE. 

Some water efficiency options for non-household sectors will show similarities to those developed 

for household customers. Water efficiency options can be characterised as follows; 

• Water efficiency linked to meter impact (measured, smart metering) 

• Water efficiency measures linked to behaviour and PCC: similar to household measures 

• Leakage (Customer Supply Pipe Leakage (cspl) and ‘plumbing loss’); potentially similar to 

household measures 

• Process savings; dependent upon the nature of each segment 

A range of demand management option packages will be developed for WRMP24 which, therefore, 

should be reflected in the WRE non-household demand scenarios. 

Options may include: 

• Metering of remaining unmetered non-household customers 

• Replace existing dumb/AMR meters with AMI and provide ‘real time’ water efficiency 

advice; enhance Customer Supply Pipe Leakage (cspl)/’plumbing loss’ detection 

• Targeted water efficiency advice for industrial/commercial customers 

• Water efficiency audits/ visits 

• Introduce interruptible industrial supplies 

• Advice and information on direct abstraction and irrigation techniques: information 

concerning the benefits of trickle irrigation compared to spray irrigation 

• Advice and information on direct abstraction and irrigation techniques: information on 

reducing evaporation 

• Advice and information on leakage detection and fixing techniques (Industrial and 

Commercial users) 

• Advice and information on leakage detection and repair techniques (Agricultural users) 

• Promotion of water saving devices 

• Dual supply in coastal developments 

• Water efficiency cash scheme for retailers 

Potential option packages will be agreed and assessed in order to produce a suite of variants (and 

associated savings) for inclusion in the non-household forecast scenarios. Synergies will be 

identified between PWC modelled non-household sectors and potential efficiencies and how these 

might impact non-PWC non-household demand. 

 
57 Scenarios for the projection to 2050 of Water Use by Power Producers – with a focus on WRE’ – 
Page 32 
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3.4 Leakage, Miscellaneous DI elements 

Leakage will be modelled in-house by the PWCs for inclusion in the core WRMP scenarios for each 

company and for the broader WRE scenario library.  

 

In alignment with the National Framework, the water industry is committed to continuing to take 

long term action on leakage. The proposed reduction of 50% by 2050, will be modelled as a key 

outcome with regard to leakage for the region.  Reductions in leakage over the long term will play 

a significant role in mitigating demand growth due to population increases. 

 

The derivation of these demand elements will include:  

 

• PWCs will consider their approaches to including leakage and miscellaneous-use forecasts 

for all potential scenarios (noting that PWCs will continue to model ‘in-house’), noting 

potential alignments and differences. 

 

• Assumptions will be agreed, where feasible, regarding leakage and the additional 

miscellaneous water use items; water taken un-billed, (WTU), Distribution System 

Operational Use (DSOU). 

 

• Alignments between core WRMP24 forecasts and the inclusion of the National target of 

50% reduction by 2050 will be considered between PWCs. 

 

• Leakage reduction scenarios will be agreed and developed for use in the WRE scenario 

library; these will include potential leakage reductions above and below the National Target.  

 

3.5 Peaking factors, Climate Change and other factors; Target Headroom alignment 

WRMP and WRE modelling processes will vary in their approach to the inclusion of weather-related 

peaks and uncertainty (i.e. Target Headroom contingency).   

 

More particularly, peaking factors will be stochastically applied to the WRE demand forecast, 

through the weather generator (aligned will weather based supply-side variations), whereas, Dry 

Year Annual Average (DYAA) and Critical Period (CP) forecasts will be developed for the WRMP. 

Similarly, Target headroom assessments will need to be developed for the WRMP, whereas, 

uncertainty will be accounted for in the suite of scenarios integrated into the WRE simulator. 

 

Consequently, modelling assumptions will be considered, in order to align their derivation and 

inclusion into the parallel forecasting processes. This will involve: 

 

• Review UKWIR Guidance with regard to peaking factors and climate change. 

• PWCs to share current understanding of peaking factors for Dry Year Annual Average 

(DYAA), Critical Period (CP) in WRMP. 

• PWCs to share current understanding of peaking factor application to 

measured/unmeasured households, non-household demand elements. 

• PWCs to share approach to climate change factors within WRMP.  

• Agree peaking factor methodologies and outputs for inclusion in WRMP and in the 

simulator; ensuring no double counting. 

• Agree modelling assumptions for scenario factors; Normal Year (NY), Dry Year Annual 

Average (DYAA), Critical Period (CP) 

• Agree/align Climate Change, TUBs assumptions etc. 

• Agree process for inclusion of factors in WRMP24 / WRE modelling process 

• Ensure alignments between WRMP Target Headroom modelling and WRE demand forecast 

scenario production.  
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This will enable the application peaking factors to be implemented in a coherent way.  

Additional consideration will be given to the relationship and alignment of the WRE scenario 

modelling process and the inclusion of Target Headroom in WRMP (aligning parameterisation and 

scenario limits). 

Reference will be made to the most recent Met Office climate projections (UKCP18), while 

modelling climate change and climate change factors. 

3.6 WRE Simulator input design and processing 

Tasks that will need to be undertaken: 

 

• The key task will be to ensure that the selected demand scenario forecast data (segmented 

into its DI components) will be prepared for inclusion in the WRE simulator and that the 

stochastic weather variants, which are applied to the supply forecast are applied to the 

demand forecasts in a coherent and aligned way. 

 

• Weather based peaking and drought demand assumptions will be applied to the scenario 

DI forecast, in alignment with WRMP assumptions.  

 

• Demand impacts from 1 in 500-year drought scenarios will be modelled in alignment with 

current work for the Drought Plan and WRMP. 

 

o It is noted that the selected demand forecast variants will include chosen demand 

management packages (prior to inclusion) implicitly within forecast consumption 

elements (as demand options are not being individually assessed in the WRE 

simulator). Demand management option packages will be defined according to 

potential PCC outcomes (and will include the key scenario reflecting each PWCs 

WRMP). 

 

In detail consultant sub-tasks should include: 

 

o Review previous Phase 1 work regarding DI and weather factoring including 

previously generated peaks; post Phase 1 validation. 

o Look at potential new data frameworks (Azure) for data processing. 

o Review UKWIR Guidance. 

o Validate previous peaking assessments with regard to DI and weather (with 

potential for further input from Smart meter data) - Test the 11% cap applied last 

time. 

o Produce a basis for comparison of DF modelling assumptions to ensure alignment. 

 

This will enable us to: 

 

• Understand simulator requirements for weather-based transformation; align and format 

demand inputs. 

• Determine how demand will be adjusted to respond to stochastic weather series. 

• Agree where uplift factors need to be applied.  

• Ensure that peak demands in the simulator’s dynamic weather response are compatible 

with the DYCP demand forecasts and peaking factors.  

• Review/understand peaking/demand restriction (TUBS) factor inclusion. 

 

Demand forecast outputs will be developed by the Demand forecast T&F group and will provide 

the input data for the simulator. The simulator requires that components of DI are factored to 

reflect the current conditions in the stochastic weather dataset being simulator. This ensures 
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alignment between demand and supply responses in the model. Therefore, additional work is 

required as follows:  

• To assess where factors were originally implemented in the first phase of WRE 

o to which demand components (DY, CP, CC, timestep weather input, demand 

restrictions), and  

o where it would currently make sense to implement them in Phase 2. 

• The process description of how input demand data will need to be handled and 

transformed (as required by the simulator team). 

• A review of WRE Phase 1 assumptions to help understand alignments with WRMP19 and 

updates that might be required for WRMP24. 

• Consideration and validation of the WRZ peaking factors ensuring that there is consistency 

between the annual forecasts and regional simulator’s demand. The aim of this is to ensure 

that the outputs of the simulator align with the Supply-Demand Balance and Economics of 

Balancing Supply and Demand (EBSD) workstreams. 

3.7:  Demand Forecast and Scenario Validation  

Validation of the demand forecast processes and scenario outputs will be conducted, will be 

conducted independently for the WRE regional plan. This process will be comprised of; 

 

• Coordination of review for demand forecast modelling / processes. 

• Describe ‘in-house’ assurance and validation. 

• Detail quality assurance processes for consultant input (data and modelling). 

• Feedback to modelling partners (PWCs and consultants) and inclusion of 

recommendations. 
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Demand forecasting and demand management option work packages 

 
WRE Demand Forecast tasks will include: 

 
Work package 1: (3.1) Demand Forecast Elements - Development of property and 

population scenarios; including the key WRMP24 property/population forecast. 

 

Purpose Develop the core WRMP24 property and population forecast and a 

suite/library of variant housing and population projections at sub-regional 

for the WRE region for the period 2020 to 2100 

Outputs Property/population variant forecasts to drive demand forecasts 

Programme Initial output – June/July 2020    -  Data Revision  2021/22 

Delivery partner Edge Analytics 

Engagement Demand Forecast T&F Group, Environment Agency, Ofwat, PWC demand 

management/forecast strategy steering groups 

 

Work package 2: (3.2) Household consumption forecast; demand management option 

and behavioural change scenarios. 

 

Purpose Develop a suite of household demand forecasts (aligned with pop/HH 

projections). 

Agree Household demand influent assumptions (potential demand 

management options (DMOs) packages);  

Agree potential PCC scenarios aligned with WRMP24; National Framework; 

Defra PCC Consultation outputs (Atkins Report). 

Outputs Household consumption element for all potential scenarios (in alignment 

with pop/HH variants); include WRMP24 scenarios 

Produce Scenarios at WRZ level for the WRE region. 

Produce key strategic forecasts in alignment with regional frameworks. 

Programme Jul – Oct 2020 – initial     -     Full appraisal 2021/22 

Delivery partner PWCs to produce outputs, using in-house modelling processes (or 

collaboratively, where agreed) 

Engagement Demand Forecast T&F Group; Environment Agency. 

 

Work package 3: (3.3) Non-Household forecast scenarios (including Non-PWC) 

 

Purpose Develop an aligned suite of Non-Household demand projections; include 

assessments for Non-PWC non-household forecast elements (energy and 

agricultural sectors)  

Outputs Non-Household consumption DI element for all potential scenarios (in 

alignment with pop/HH variants; reflecting econometric, GVA, employment 

forecasts); inclusion of Non-HH demand management scenarios 
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Aligned Non-PWC scenarios for Agriculture / Energy Sectors 

Programme Jul – Oct 2020 – initial     -     Full appraisal 2021/22 

Delivery partner PWCs to produce outputs, using in-house modelling processes (or 

collaboratively, where agreed); External non-household demand modelling 

to assisted by external consultants 

Engagement Demand Forecast T&F Group; Environment Agency; wider stakeholder 

engagement regarding Non-PWC sectors 

 

Work package 4: (3.4) Demand Forecast Elements – Leakage, Miscellaneous DI 

elements 

 

Purpose Agree assumptions regarding additional DI elements; leakage, water taken 

un-billed , DSOU etc. 

Outputs Aligned assumptions between PWC forecasts 

Programme Jul – Oct 2020 – initial     -     Full appraisal 2021/22 

Delivery partner PWCs to produce outputs, using in-house modelling processes (or 

collaboratively, where agreed);  

Engagement Demand Forecast T&F Group 

 

Work package 5: (3.5) Peaking factors, Climate Change and other factors; Target 

Headroom alignment 

 

Purpose Agree modelling assumptions for scenario factors; Normal Year (NY), Dry 

Year Annual Average (DYAA), Critical Peak (CP) 

Agree/align Climate Change, TUBs assumptions etc. 

Agree process for inclusion of factors in WRMP24 / WRE modelling 

process 

Outputs PWCs to agree/understand assumptions and factors, and align inputs / 

outputs 

Required factors for WRE model / WRMP modelling 

Programme Jul – Oct 2020 – initial     -     Full appraisal 2021/22 

Delivery partner PWCs to produce outputs, using in-house modelling processes (or 

collaboratively, where agreed);  

Atkins to assist with inclusion of factors in WRE model 

Engagement Demand Forecast T&F Group 

 

Work package 6: (3.6) WRE Simulator Input design 

 

Purpose Ensure DI forecasts align with WRE PyWR simulator input requirements for 

‘timestep’ weather-based transformation. 
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Outputs WRE demand forecast simulator inputs split by DI segment (DI elements to 

be modified in line with weather-based time-step requirements). 

Iteratively update inputs as WRMP24 is finalised. 

Programme Jul – Oct 2020 – initial      

Delivery partner Atkins 

Engagement Demand Forecast T&F Group; Atkins 

 

Work package 7: (3.7) Demand forecast and scenario validation  

 

Purpose External validation of demand forecast processes and outputs 

Outputs Audit and assessment of demand forecast processes and scenario outputs 

for WRE 

Validation report 

Programme  

Delivery partner Black and Veatch 

Engagement Demand Forecast T&F Group  
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Option Development 
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WRE Strategic Supply Options Task and Finish Group 

Method Statement 

 
1. Introduction 

This document is the Method Statement for the supply-side strategic water resource options for 

the WRE region; the demand-side options are managed by the Demand Task and Finish Group.  

The purpose of this group is to translate the region’s strategic supply options so that they are 

accurately represented in the WRE simulator.  The simulator is WRE’s decision and trade-off tool 

and will be used to select which options should be developed by the Regional plan; a process 

managed by the Simulator and Planning Task and Finish Group. These strategic supply options are 

to be developed by the water companies in collaboration with WRE and multi-sector partners to 

ensure they benefit a range of water resource users.  This group will also work closely with the 

Environment Task and Finish Group to manage the statutory environmental assessments for the 

strategic supply options identified. 

 

• This workstream includes: 

o capturing and translating options already under development by the water 

companies (for example the RAPID Strategic Resource Options (SROs)) ensuring 

that the information is ready to feed into the WRE simulator in line with the regional 

planning program 

o assisting with a gap analysis, to be produced by Anglian Water on behalf of WRE, 

to identify new options that will be developed ready to feed into the WRE simulator  

o translating any strategic third-party options to feed into the WRE simulator 

o ensuring the statutory environmental assessments conducted for the strategic 

supply options are aligned to the WRE assessment process which is to be 

developed in collaboration with the Environment Task and Finish Group. The 

following assessments will evaluate impacts at the regional scale to aid decision 

making for the Regional plan: 

▪ Strategic Environmental Assessment (SEA) 

▪ Habitats Regulation Assessment (HRA) 

▪ Water Framework Directive (WFD) assessment 

 

Note: the biodiversity net gain and natural capital elements are being managed by the 

Environment Task and Finish Group. 

 

The workstream is led by the Options Task and Finish Group. 
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2. Guidance and regulatory requirements  

The Water Resources East (WRE) region is characterised by its diversity of water use, including very 

significant non-public water supply users, particularly for agriculture, food production and energy. 

The region is under pressure from population growth, climate change and the need to enhance the 

environment in some of the nations’ most iconic landscapes. WRE believe that there is an 

opportunity to work collaboratively in the region across sectors to tackle the issue of water 

resources, flood risk management and water quality to enable economic development and 

environmental improvement. Innovative sustainable solutions must be developed to help meet a 

public water supply shortfall of 204Ml/d by 205058 in addition to an increased demand by the 

agriculture, food production and energy sectors. 

 

National Framework  

The National Framework 59  explores England’s long-term water needs and details the role of 

regional planning, placing emphasis on regional groups to develop a diverse portfolio of options. 

Regional plans will inform water company Water Resource Management Plans (WRMPs) and a key 

part is to develop new supplies such as reservoirs, water reuse schemes and desalination plants 

as well as innovative cross-sector options that bring broader societal benefits. There is also a 

requirement to fully explore all opportunities for water transfers, within and between regions, of 

different scales and lengths. The preferred plan for the region will detail a set of options that 

present best value for customers, society and the environment.  

 

Regional plans must forecast supply over at least 25 years and set out solutions to any deficits; 

take a multi-sector approach; look beyond regional boundaries; take a catchment-based approach; 

consider wider resilience benefits when developing options; and comply with the Strategic 

Environmental Assessment (SEA), Habitats Regulations Assessment (HRA) legislation, and Water 

Framework Directive WFD). 

 

Water Resources Planning Guidance 

The Environment Agency is updating the WRP Guidance for WRMP24.  In the draft guidance60, it 

details the process of options identification stating that water companies must compile an options 

list that goes beyond their own immediate needs61.  

 

  

 
58 WRE, March 20, Initial Water Resource Position Statement 
59 Environment Agency, March 20, Meeting our future water needs: a national framework for 
water resources 
60 Water Resources Planning Guideline working version for WRMP24, version 4.2 
61 Section 8, Water Resources Planning Guideline working version for WRMP24, version 4.2 
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Figure 1: Draft WRMPG24 Process for Options Identification 

As with the previous guidance published for WRMP19, the generic list should be developed from 

the UKWIR WR27 Water resources Planning Tools report (2012).  The unconstrained list 62 

identifies new options through consultation with stakeholders and third parties.  The feasible list63 

is created following a screening process; River Basin Management Plans (RBMPs) and the WFD 

environmental objectives are a constraint and options should be screened to ensure there is no 

unacceptable environmental impact that cannot be overcome. This must include the consideration 

of RBMP no deterioration objectives.  As part of the screening process an HRA must be completed 

to confirm there are no significant effects on designated sites.  

 

The criteria used to select feasible options must be clear and the reasons for rejection well 

documented. There should be a sufficient number, type and size to allow real choices when 

assessing the preferred programme, and all feasible options should be discussed with the 

Environment Agency as early as possible. 

 

Environmental legislation 

A summary of issues related to environmental legislation is given below; for more detail please 

refer to the following Environmental Assessment Method Statement: 

Strategic Environmental Assessment (SEA)64 – is a regulatory requirement for certain plans and 

sets out a procedural process that must be undertaken by the authority leading the plan-making 

to ensure a wider-ranging environmental assessment is undertaken. The breadth of the SEA covers 

 
62 Section 8.1, Water Resources Planning Guideline working version for WRMP24, version 4.2 
63 Section 8.2, Water Resources Planning Guideline working version for WRMP24, version 4.2 
64 The Environmental Assessment of Plans and Programmes Regulations 2004: 
www.legislation.gov.uk/uksi/2004/1633/contents 
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consideration of biodiversity, population, human health, fauna & flora, soil, water, air, climatic 

factors, material assets, cultural heritage - including architectural & archaeological heritage, 

landscape, and the inter-relationship between them. Once it has been determined whether the SEA 

applies, it will inform the plan-maker of likely significant environmental effects, with the aim of 

influencing their decision-making to avoid, or where not possible reduce, negative effects and 

enhance positive effects. 

 

Habitats Regulation Assessment (HRA)65 – is a regulatory required assessment for certain plans. 

Whereas SEA has a broad scope, HRA is focussed on protecting specific habitats and species, 

notably Special Protection Areas (SPA) and Special Areas of Conservation (SAC). HRA is a two-step 

assessment process, starting with the relatively light touch HRA screening that determines if a plan 

(or options within a plan) has the potential to cause likely significant effects (LSE) on any SAC / 

SPA. Where this is the case a more detailed Appropriate Assessment (AA) is required to 

demonstrate that the plan will not have a significant effect on the conservation status of any of the 

designated features within the relevant SAC / SPA. This includes the in-combination effects for 

transitional water bodies if multiple options will impact a site. If the AA indicates that the plan (or 

preferred option) is likely to significantly affect the conservation status of a SAC / SPA it cannot be 

adopted unless it can demonstrate imperative reasons of over-riding public interest (the IROPI test), 

which sets a very high bar. Even where a plan can pass the public interest test, the anticipated 

negative consequences of the plan upon the SAC / SPA must be fully compensated before any 

work resulting from that element of the plan can commence.  

 

Water Framework Directive (WFD) assessment66  – is also a regulatory required assessment for 

certain plans. The assessment’s purpose is to ensure the plan being assessed both helps to avoid 

the deterioration and contributes to the improvement of the status of water bodies, including rivers, 

lakes, groundwater and estuarine and coastal waters. The existing status of water bodies (in terms 

of water quality, quantity and chemical & biological status) are set out within River Basin 

Management Plans (RBMP) produced by the Environment Agency. The RBMP includes a 

programme of measures to improve the status of water bodies; there must be no deterioration of 

a water body as a result of the WRE Regional plan options.   

  

 
65 The Conservation of Habitats and Species Regulations 2017 (as amended): 
www.legislation.gov.uk/uksi/2017/1012/contents 
66 The Water Environment (Water Framework Directive) (England and Wales) Regulations 2017: 
www.legislation.gov.uk/uksi/2017/407 
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3. Proposed approach 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The proposed approach for selecting strategic supply options to input into the simulator 

 

4. Program 

The development of the strategic options is being driven by the water companies in collaboration 

with WRE and multi-sector partners to ensure any new options are captured and developed.  This 

process aligns with the WRE program.   

 

All options must be developed so that key data is available to feed into the WRE simulator in 

December 2020. The data required will be defined by the Simulator Task and Finish Group by the 

end of September 2020 allowing enough time for the options to be translated for input into the 

simulator. 

 

5.  Initial list of options 

The list of options identified in WRE Phase 1 is shown below: 

List of options 
From WRE phase 1 

GAP analysis 
- Multi sector options 

- 3rd party strategic options 

Screening criteria 

Refined feasible list 

Develop options 
Costs; DO 

(update ph1 & develop new) 

Simulator 

Regional plan (draft) 

AWS on behalf of WRE All water companies 

Options T&FG 

Options T&FG 

Water companies in collaboration with WRE & M-S 
partners 

Simulator T&FG 

WRE 

Sept 20 

Dec 20 

Dec 21 

Aug 20 
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Category Lead Water Company 

RAPID schemes (SLR & Anglian-Affinity Transfer) Anglian Water & Affinity 

Water 

Norfolk Fens Reservoir Anglian Water 

Other reservoir options All water companies 

Reuse (including Peterborough; Kings Lynn; Norwich; Ipswich; 

Colchester) 

Anglian Water  

Desalination (including South Humber Bank; Kings Lynn; Bacton; 

Felixstowe and third party options) 

Anglian Water 

Aquifer Storage and Recovery (including Lower Trent SSG) Anglian Water 

Sea tankering (third party option for drought conditions) All companies 

Transfers (including alterations to existing transfers; new 

imports/exports to WRE; new WRE company-company transfers; 

new WRZ-WRZ transfers; canal transfers) 

All companies 

Between-sector options (including water-energy trading; water-

agriculture trading; energy-agriculture trading) 

All companies 

Table 1: The list of strategic supply options from WRE Phase 1 

 

RAPID, the Regulators’ Alliance for Progressing Infrastructure Development, is supporting the 

development of two strategic schemes in the region: South Lincolnshire Reservoir (SLR) and the 

Anglian-Affinity Transfer.  These schemes are being developed in line with the RAPID gated process 

shown below and are therefore progressing more quickly than the other options.  

 
Figure 3: RAPID gated process 

 

In addition to the South Lincolnshire Reservoir, Anglian Water is progressing the development of 

the other strategic options listed above with the aim of reaching the equivalent of Gate 3 by the 

end of AMP7 (2025). 

 
 

6. Review of options 

As detailed in Table 1, the initial list of options from Phase 1 will be collated with any new options 

identified in a GAP analysis. The GAP analysis will identify any new options through the Bid 

Assessment Framework and through collaboration with WRE partners. These options will then be 

screened, using the criteria agreed by this group.   The refined feasible list will then be developed 

ready for input into the simulator. The options from Phase 1 will be updated, and any new options 

developed to enable a cost and DO to be calculated. To ensure consistency with costing methods 

used, the method proposed by RAPID for the SROs will be applied to all WRE strategic supply 

options. 
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All refined feasible options will be summarised to feed into the simulator, including the RAPID 

options. Although the RAPID options will be further developed than the other options, it will not 

affect the decision-making process as only high-level parameters are required for the simulator.  

The simulator will then determine which options will deliver the most value for the region and go 

on to be further developed for inclusion in the Regional plan and in WRMPs.  

 

7. Process for RAPID schemes 

The purpose of the Options Task and Finish Group in respect of the RAPID strategic schemes is to 

translate the options to feed into the simulator in December 2020. The development of the SLR 

will not be at a stage to have one single option confirmed by December 2020, but it is proposed to 

summarise one high-level option for the SLR, with the possibility of including for different sizes.  

For the transfer it is proposed to include a shortlist of options. 

 

This Group will monitor the progress of solution development against program; assure 

development of multi-benefit options and alignment with wider strategy; and ensure the solution 

development has progressed sufficiently for costing before the simulator input. This will be done 

through representation at the monthly Program Management Group governance meetings held 

with Anglian Water and Affinity Water, as well as weekly informal meetings to steer the direction 

and ensure a multi-sector focus.  

 

As detailed in Figure 4, the project team will be driving the initial concept design to meet Gate 1 in 

July 2021. For the SLR, this process will consist of three key decisions: shortlist of sites; preferred 

source of water; and concept design detailing multi-sector benefits. These decisions will be made 

based on outputs from technical studies and in collaboration with WRE and key stakeholders, 

including the South Lincolnshire Water Partnership, to ensure that the best value option providing 

multi-sector benefits and achieving environmental ambition is taken forward.  In conjunction with 

this, WRE will be driving the multi-sector ambition, challenging and influencing the process and 

ensuring alignment of the WRMP program with the Regional Plan program. For the transfer, the 

Gate 1 process involves considering different sources, routes, and capacities with the aim to have 

a shortlist by the end of the 2020 to feed into the simulator. 

 

8. Process for other options 

All other strategic supply options identified in the refined feasible list will be developed in line with 

the program shown in Figure 5.  The aim is to progress these options so that they reach the 

equivalent of the RAPID Gate 3, developed design, by the end of AMP7 and follow the gated process 

approximately 3-6 months behind that of the SLR. New options, including third party options, will 

follow a unique program, to be developed and agreed by the Options Task and Finish Group. All 

options will either be developed or updated based on WRE Phase 1 information to enable input for 

the simulator by December 2020; key information regarding costs and DO will be available and 

calculated using consistent methods. 
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Figure 4: The development of the SLR - RAPID and WRE 

 
 

Figure 5: The development of the Fenland Reservoir and other supply options 

 

9. Environmental assessments 
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The scope for this work will involve a detailed scoping phase, scoping consultation, assessment 

of options, assessment of draft Regional Plan and in-combination effects, and reporting. The 

program for this work is listed in Table 2 and detailed in Figure 6: Programme for Environmental 

Assessments of options. 

 
       Table 2: Plan for Environmental Assessments of options 

 

 

Figure 6: Programme for Environmental Assessments of options 

10. Risks & issues 
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The risks associated with translating the strategic supply options to inform the Regional Plan are: 

- New options are not identified or developed in time to input into the WRE simulator (risk) 

 

Issues associated with the environmental assessments are: 

- The need to balance stakeholder interests in the option design and planning process with 

those of the water companies and their customers, water industry regulators and planning 

authorities.  To resolve this issue, resources will be made available to the design team to 

develop a conceptual design capable of meeting the needs of each of these groups 

- Related to the above, complex regulatory requirements coupled with potential public 

inquiry 

- The number of dependencies between options 

- Need for consistency between WRE assessments and WRMP assessments, and across 

Regional Plans to allow for comparison of options 
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Environmental 

Assessment 
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WRE Options Task and Finish Group Method Statement 
Environmental assessment  
 

1. Introduction 

This document is the WRE’s Method Statement for the environmental assessments, which 

includes: 

• Strategic Environmental Assessment (SEA) 

• Habitats Regulation Assessment (HRA) 

• Water Framework Directive assessment (WFD) 

• Natural Capital 

• Net Gain 

• Carbon 

 
Types of environmental assessment: 

Strategic Environmental Assessment67 (SEA): The purpose of SEA is to inform the plan-maker of likely significant 

environmental effects, with the aim of influencing their decision-making to avoid, or where not possible reduce, 

negative effects and enhance positive effects. It typically has a broad scope and follows a set procedure: 

• Scoping (and a scoping consultation), 

• Assessment of individual options,  

• Assessment of the preferred plan and in-combination effects (between the options within the selected 

plan and between the preferred plan and other plans), and 

• Reporting and consultation. 

 

SEA Guidance is largely procedural and allows for alternative methodologies. Although an ‘objective-led’ SEA 

approach is common, there are also good examples of the integration of ecosystem-services terminology and 

approaches within SEA. 

Habitats Regulation Assessment68 (HRA): Where SEA has a broad scope, HRA is focussed on protecting specific 

habitats and species, notably Special Protection Areas (SPA) and Special Areas of Conservation (SAC). HRA is a two-

step assessment process: 

• Screening, that determines if a plan (or options within a plan) has the potential to cause likely significant 

effects (LSE) on any SAC or SPA.  

• Where any LSE are identified a more detailed Appropriate Assessment (AA) is required to demonstrate that 

the plan will not have a significant effect on the conservation status of any of the designated features 

within the relevant SAC / SPA.  

 

Water Framework Directive assessment69 The assessment’s purpose is to ensure the plan being assessed both 

helps to avoid the deterioration and contribute to the improvement of the status of water bodies, including rivers, 

lakes, groundwater and estuarine and coastal waters.  

 
67 The Environmental Assessment of Plans and Programmes Regulations 2004, access via: 
www.legislation.gov.uk/uksi/2004/1633/contents/made 
68 The Conservation of Habitats and Species Regulations 2017 (as amended), access via: 
www.legislation.gov.uk/uksi/2017/1012/contents/made 
69 The Water Environment (Water Framework Directive) (England and Wales) Regulations 2017, 
access via: www.legislation.gov.uk/uksi/2017/407/made 

http://www.legislation.gov.uk/uksi/2004/1633/contents/made
http://www.legislation.gov.uk/uksi/2017/1012/contents/made
http://www.legislation.gov.uk/uksi/2017/407/made
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Invasive Non-Native Species assessment70 (INNS): regulatory control of INNS has increased over the last five years 

and has introduced a need to assess whether water resource related plans and infrastructure projects risk 

spreading such species. WRMPs and drought plans need to review whether any options risk spreading INNS, and to 

propose measures to manage that risk. An assessment of INNS risk can be incorporated into the other 

assessments. 

Natural capital approaches (Natural Capital Accounting (NCA) / Ecosystem Services Assessment (ESA)) – A non-

statutory assessment, but one that is increasingly promoted by Defra, Environment Agency and Natural England as 

a way of better demonstrating the consequences of environmental impacts and benefits. Both NCA and ESA tend to 

seek a quantified approach to assessment, with some forms going further to convert the plan’s effects on the 

environment to financial cost and benefit equivalents.  

Natural capital are the stocks of natural assets that exist in an area (e.g. geology, water, air, all living things), while 

ecosystem services are the benefits gained by humans from using such stocks (e.g. provision of food, regulation / 

filtration of water).  

• NCA aims to quantify the effects of a plan on these natural stores to determine whether they are 

enhanced, drawn down in a short-term replenishable manner, or drawn down or removed in an 

unsustainable manner.  

• ESA identifies how a plan interacts with a defined list of ecosystem services, seeking to quantify the 

predicted changes in services (positive and negative) that would occur if the plan was implemented. 

 

Net Gain (Biodiversity and Environmental): Defra have described Net Gain as ‘an approach to development that 

aims to leave the natural environment in a measurably better state than beforehand.’ The assessment focuses on 

quantifying impacts on specific types of environmental receptor (often biodiversity) to ensure enhancements are 

delivered and any negative impacts are compensated. Up to now the assessment has been more common in project 

consenting, rather than strategic plan-making, due to the detail often required to be confident in the delivery of the 

quantified prediction of net biodiversity or environmental gains. 

 

2. Assessment objectives  

WRE is seeking to deliver compliant, effective and efficient environmental assessments. The 

specific objectives are listed below.  

 

1. WRE’s environmental assessments should be compliant with relevant legislation and 

regulatory requirements. This includes the Water Resources Planning Guidance (WRPG). 

 

2. The design and programming of the assessments should be targeted to support WRE’s 

decision-making. The assessments should produce outputs that inform key decisions and 

are available for key decision points. This includes a credible assessment of the plan’s 

overall environmental impact.  

 

3. The assessments should be proportionate in both assessment and reporting. They should 

look for opportunities to deliver efficiencies and mitigate inconsistency through the 

integration of the assessment processes where appropriate.  

 

4. The framework for WRE’s environmental assessments should be designed to meet 

WRMP requirements also, so that it could be adopted by water companies for their 

WRMP assessments. This should also allow for outputs for WRE’s assessments 

(particularly the assessment of options) to be directly incorporated in WRMP 

assessments where appropriate. 

 

 
70 The Infrastructure Act 2015, access via: www.legislation.gov.uk/ukpga/2015/7/contents/enacted 
Also see: 
UKWIR’s 2016 research: Invasive Non-Native Species (INNS) implications on the water industry, 
access via: https://ukwir.org/B1557A3F-E56D-242B-AC39-F3695928E8EE-f-172946-DF26126A-068F-
BF67-E30A-E84DB483A59D 

http://www.legislation.gov.uk/ukpga/2015/7/contents/enacted
https://ukwir.org/B1557A3F-E56D-242B-AC39-F3695928E8EE-f-172946-DF26126A-068F-BF67-E30A-E84DB483A59D
https://ukwir.org/B1557A3F-E56D-242B-AC39-F3695928E8EE-f-172946-DF26126A-068F-BF67-E30A-E84DB483A59D
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5. The assessments should provide a compelling narrative to engage internal and external 

audiences, including a clear assessment of the overall impact of the preferred plan. 

 

6. The assessments should deliver on-going value beyond WRE (e.g. to WRMP, RAPID, DCO, 

planning applications and other consenting).  

 

3. Guidance and Regulatory requirements 

National Framework 

The National Framework states that compliance with legislative requirements related to Strategic 

Environmental Assessment (SEA) and Habitats Regulation Assessment (HRA) are ‘Must Do’s’ 

within the regional plan-making process.71 

 

Within the detail on regional planning, Appendix 2 of the national framework, the Environment 

Agency also sets out expectations in relation to taking both natural capital and net gain 

approaches to their decision-making: 

 
‘The government’s 25 Year Environment Plan strongly supports the natural capital approach. Regional groups 

should look to use this approach in their decision making where appropriate and provide commentary 

explaining if they choose not to do so. We also expect regional groups to include environmental net gain in 

their decision making, to achieve measurable improvements for the environment on a regional and local 

level.’72 

 

Draft Water Resources Planning Guidance 

The WRP Guidance requires water companies to undertake a SEA, HRA, WFD, Natural Capital and 

Net Gain assessment for their WRMPs where there is a supply demand deficit. 

 

The Environment Agency is updating the WRP Guidance for WRMP24, and are expected to 

include two new supplementary Guidance notes: 

• Natural capital metrics, and 

• The environment in decision-making.  

 

These supplementary Guidance notes will consider approaches to Natural Capital and Net Gain 

assessments, how they complement the SEA process and how they should be integrated into the 

decision-making process. There is an expectation that this Guidance should apply to Regional 

Plans in addition to WRMPs73. 

 

The assessments will need to take account of the following projects that are aimed at developing 

WRP Guidance: 

• UKWIR project: ‘Environmental Assessment for Water Resources Planning’, intended to 

launch October 2020, and 

• UKWIR project: ‘Deriving a Best Value Water Resources Management Plan, intended to 

launch September 2020. 

 

Although the National Framework does not specify the need for a WFD or INNS assessment, it is 

required for WRMPs in the WRP Guidelines. Consequently, it is recommended that a WFD 

assessment is also undertaken for the regional plan, and that consideration of invasive species 

impacts is incorporated into the scope of the plan’s environmental assessment. 
 

 
71 REF 
72 National Framework – Appendix 2: Regional Planning (Environment Agency, 2020), access via: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/fi
le/872222/Appendix_2_Regional_planning.pdf  
73 REF 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/872222/Appendix_2_Regional_planning.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/872222/Appendix_2_Regional_planning.pdf
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‘You must take account of the requirements of the Water Framework Directive (WFD) when considering your 

preferred plan. This includes the legally binding environmental objectives in the River Basin Management 

Plans. You should consider solutions that promote the requirements of Article 7 of WFD and look to work in 

partnership with others.’74 

 

‘You must review whether your current abstraction operations and future solutions will risk spreading INNS or 

create pathways which increase the risk of spreading INNS. Where there is increased risk you must propose 

measures to manage that risk in your plan.’75 
 

Strategic Regional Options (SROs) and RAPID Requirements  

WRE has identified two Strategic Regional Options (SRO) which are required to go through the 

RAPID Gated process. The solution descriptions are as follows: 

 
Solution Name Solution description (latest from WRMP19 plans) 

South Lincolnshire 

reservoir 

Joint solution – Anglian Water, Affinity Water. New reservoir with a volume of 50,000 Ml 

constructed in South Lincolnshire with the potential for transfer to Affinity Water (see 

Anglian-Affinity transfer). This solution ranges from 50 to 100 Ml/d. 

Anglian-Affinity transfer Joint solution – Anglin Water, Affinity Water. 

A transfer of water from Grafham reservoir to Affinity Water supported by the 

development of the South Lincolnshire reservoir. The proposed route for the pipeline 

would run in parallel to Affinity Water’s existing main from Grafham. The capacity of this 

solution ranges from 50-100 Ml/d. 

 

The Gate 1 (Monday 5th July 2021) requirements of this process are set out in the Water 

Resources Appendix76 and the more recent template ‘Strategic Solution Accelerated Gate 1 

Submission: Initial Concept Design.’ 

 
‘High level environmental statement:  

• Initial option-level environmental assessments that meet local requirements and comply with Strategic 

Environmental Assessment and Habitats Regulations Assessments requirements, including consideration 

of in-combination effects and identification of environmental risks that need mitigating through the 

solution design and costing. 

• Initial environmental, social and economic valuations (or metric benefits) consistent with principles in the 

National Planning Statement and Water Resource Planning Guidelines.   

 

Include main conclusions and issues arising including results of environmental work carried out to date and plan 

for future work:  

• How the solution contributes to environmental net gain.   

• Initial outline of how the solution will take into account the carbon commitments. 

• Outline of solution’s benefits and the resilience criteria that will be used to assess the solution.  

• As well as costs, include social and environmental benefits of the solution including amenity value.  

• How the solution provides best value outcome for customers and the environment.’77   

 

Ofwat have provided more detail to companies in a letter to Regulatory Directors of companies 

dated 3rd April 2020. The letter states: 

 
‘Following discussions with the Environment Agency, we would like to clarify that there is no requirement for 

Strategic Environmental Assessment (SEA) at the option level, and that the environmental assessments 

required for each option should consider the SEA objectives to be used at later assessment stages and be 

agreed with the Environment Agency and Natural England.’78 

 
74 Environment Agency, July 2020, Water Resources Planning Guideline Draft for consultation July 
2020, Page 77 
75 Environment Agency, July 2020, Water Resources Planning Guideline Draft for consultation July 
2020, Page 46 
76 Ofwat, December 2019, Strategic regional water resource solutions appendix 
77 RAPID, May 2020, Strategic Solution Accelerated Gate 1 Submission: Initial Concept Design 
78 Ofwat, 3rd April 2020, To Regulatory Directors of companies with strategic regional water 
resource solutions 
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Ofwat have also asked the companies involved in the SRO schemes to be consistent in their 

assessment of costs; deployable outputs; environment assessment and water quality. The need 

for consistency is also highlighted in the National Framework, which states regional groups 

should ‘look beyond regional boundaries and use technical approaches compatible with other 

regions’79. 

 

To address this requirement, the All Company Working Group (ACWG) has recently commissioned 

Mott MacDonald to develop a core consistent approach that will allow the strategic schemes to 

be compared with each other. It is not intended that this tool / framework negates the need to 

undertake any other form of assessments that are required legally, but it should be flexible 

enough to allow the outcomes of some of these specific assessments to be incorporated into this 

assessment tool. The work consists of three core tasks: 

• Task 1: Undertake a review of the current SEA objectives used by the companies involved 

with SROs and determine if a core set of scheme objectives could be developed 

• Task 2: Review the draft WRMP guidance and its application to SRO schemes 

• Task 3: Develop a consistent framework for undertaking WFD no deterioration 

assessments 

 

In order to ensure that WRE is fully aligned with the ACWG approach, proactive engagement with 

the Mott MacDonald project and regular attendance at the ACWG meetings will be required. In 

addition, we will need to have regard to WRSE and WRW’s developing approaches in particular.  

 

Biodiversity Net Gain  

The Government’s 25 Year Environment Plan strongly encourages development to contribute to, 

and enhance, the natural environment by providing net gains for biodiversity. 

 

The WRPG also includes a requirement the provide Biodiversity Net Gain: 

 
‘Your plan should therefore provide biodiversity net gain at a scheme and plan level. You should consider 

providing an ambitious level of measurable biodiversity net gain, equal to or beyond that which might be 

required by the future Environment Bill.  

 

Your supply options should incorporate biodiversity net gain into their design where reasonable. If this is not 

possible, you will need to provide net gain off-site.’80 

 

4. Proposed approach  

The proposed approach consists of the following steps: 

• Extended scoping and development of the Integrated Environmental Assessment (IEA) 

framework 

• Scoping consultation (minimum 5 weeks) 

• Integrated Environmental Assessment (IEA) of options 

• Assessment of plan, in-combination effects and reasonable alternatives 

• Reporting 

• Consultation alongside a draft of Regional Plan. 

 

Initial assessment outputs (option-level as opposed to plan-level) are required by the end of 

March 2020 to inform the development of the draft Regional Plan (Aug 21).  

 

 
79 REF 
80 Environment Agency, July 2020, Water Resources Planning Guideline Draft for consultation July 
2020, Page 76 
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Extended scoping and development of the Integrated Environmental Assessment (IEA) 

framework 

The extended scoping phase consists of several tasks, which are summarised below. The output 

of the extended scoping phase will be a Scoping Report and summary presentation that can be 

used to discuss our proposed approach with wider stakeholders, particularly to statutory 

environmental bodies.  

 

Scoping Task 1: Review legislative and regulatory requirements 

As key Guidance documents are currently under development it will be important to align the IEA 

Framework with final Guidance. This includes: 

• WRP Guidance for WRMP24, particularly two new supplementary Guidance notes on 

Natural capital metrics, and the environment in decision-making.  

• UKWIR project: ‘Environmental Assessment for Water Resources Planning’ (intended to 

launch October 2020) 

 

This task should also consider RAPID requirements for SROs and ensure that IEA approach is 

aligned to the ACWG approach. 

 

Scoping Task 2: Mapping WRE’s decision-making requirements to the environmental 

assessments 

The environmental assessments should be designed and programmed to support WRE decision-

making. The purpose of this task is to understand what outputs are required for specific decision-

points. This task should consider: 

• Opportunities for the environmental assessments to deliver data required by the 

environmental decision-making metrics in the MO RDM process 

• The Environment T&F Group has agreed to use Systematic Conservation Planning (SCP) 

to develop WRE’s over-arching environmental ambition as well as the rate at which the 

related sustainability reductions are delivered (environmental ambition). We believe there 

is an opportunity for SCP to support the SEA, particularly in the assessment of the plan as 

a whole and in-combination with other plans and programs. The interfaces between the 

two workstreams should be fully explored via a technical workshop that aims to bring 

delivery partners together. The output of the workshop will be a paper for discussion at 

the Environment and Options T&F Groups.81 

• How targeted and concise assessment conclusions can be made available to inform the 

selection of a preferred portfolio (portfolio selection will be undertaken at a series of 

‘planning conference’ events in April 2021). This is expected to be a subset of the full 

assessment results. 

 

Programme dependency: Environmental ambition 

The links between the environmental ambition workstream and the environmental assessment 

workstream should be fully understood. Particularly opportunities for: 

• SCP to support the delivery of the SEA, and  

• The environmental assessments to produce the data required by environmental 

decision-making metrics 

 

 

 

 
81 Although we are interested in understanding the potential for the environmental ambition 
workstream and the SEA to be mutually supportive, we recognise that this may not be possible 
because of technical or timetable issues. Ensuring statutory compliance remains our first priority, 
and compliance requirements will need to be delivered through the environmental assessments 
(not through SCP). 
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Scoping Task 3: Development of IEA framework and methodologies 

In order to deliver environmental assessments that are targeted and proportionate, WRE is 

proposing the development of an Integrated Environmental Assessment (IEA) framework82. The 

framework should clearly explain which impacts are being assessed in which assessment and 

explore opportunities for integrating the assessments where appropriate. 

 

This task should also consider: 

• Opportunities to update assessment work from WRMP19 rather than starting from 

scratch 

• Information and guidance from the forthcoming WRPG and UKWIR environmental 

assessment guidance, and any SEA objectives / assessment findings related to SRO 

which are developed by the ACWG. 

• A review of developing environmental assessment processes from other Regional Groups, 

particularly WRSE and WRW. This should consider alignment of assessment approaches 

where appropriate.  

• Assessment-specific scoping activities. 

 

Scoping Task 4: Development of the technical programme 

To ensure that outputs are available at the required points, it will be important to develop a 

technical program for the environmental assessments that is fully linked to the program for 

option development and appraisal. This should clearly set out at what point information on option 

design will be available for assessment and include opportunities for the assessment to 

influence option design. 

 

Scoping Task 5: Development of reporting requirements  

This task will consider how assessment results can be presented in a proportionate and 

accessible manner, whilst still achieving compliance. It will produce a list what reports are 

required and when. 

 

Scoping consultation  

There is a statutory requirement to consult on the scoping phase of the SEA83 for a minimum of 5 

weeks. It is also considered good practice in relation to the other assessments. Given this, and 

WRE’s ambition to deliver an integrated environmental assessment, we anticipate that our 

scoping report will cover the whole proposed approach, rather than being limited to only the SEA 

aspects. 

 

The SEA’s statutory consultees are: 

• Environment Agency 

 
82 While the six environmental assessments expected to be conducted for WRE’s plan have their 
own required approaches, it is hoped that the SEA can be used to house the findings of many of 
the other assessments. This includes: 

• Deliver a Natural Capital approach by incorporating an ecosystem services approach 
within the SEA framework. 

• WFD and INNS to form relevant components of a SEA framework. 

• The approach to HRA is often more detailed and specific to particular designated sites 
and options, as such, this assessment is more likely to require a parallel approach, but 
where it identifies likely significant effects, these can also be reported within the SEA 
framework.  

• Finally, it is hoped that the Net Gain assessment of options will be able to be integrated 
into the SEA approach. 

83 Regulation 12(5) of the 2004 SEA Regulations 



102 
 

• Natural England 

• Historic England 

 

During the Extended Scoping Phase we will consider if the scoping consultation should be 

opened to wider stakeholders, such as local authorities and environmental groups. 

 

 

Program dependency: stakeholder management 

The SEA Scoping Consultation will need to be managed within WRE’s over-arching stakeholder 

program to avoid stakeholder fatigue and confusion. We will also  need to consider how it 

interacts with the SCP approach being used to develop WRE’s environmental ambitions.   

 

Water companies will also be required to undertake a scoping consultation as part of the 

development of their WRMP environmental assessments. There is likely to be considerable 

overlap between WRE assessments and WRMP assessments, and so this will need to be 

carefully managed. 

 

 

Integrated Environmental Assessment of options  

This stage forms the core of the process. It is where: 

• Likely positive and negative impacts are identified (based on updated option design 

rather than generic impacts and WRMP19 data as in the scoping exercise) 

• The resultant effects on the environment are evaluated. 

 

The environmental assessment process may also identify specific monitoring to track an option’s 

real-world environmental consequences, or the success of implementing any mitigation or 

enhancement measures (should the option be included in the preferred plan portfolio). 

 

Assessment of the draft Regional Plan, in-combination effects and reasonable alternatives 

The environmental effects of WRE’s plan will not be limited to the impacts of individual options, 

but also include their combined effects: 

• The overall environmental impacts of preferred plan portfolios, and 

• With other relevant plans and programs (e.g. WRMP and other regional water resource 

plans).  

 

The assessment of the combined environmental effects of WRE’s plan with other plans, also 

known as cumulative effects assessment, is also required as part of the regulatory SEA and HRA 

processes. This can become a complex assessment at the strategic scale, especially where the 

other plans being considered are at different stages of development and potentially using 

incompatible methodologies.  

 

The approach to combined environmental effects will be decided during the extended scoping 

phase. The assessment is likely to concentrate on assessing key relationships with those plans of 

most relevance to the purpose and predicted impacts of WRE’s plan, as identified through the 

assessment of options. At this stage we envisage that could include: other regional water 

resource plans, water company WRMPs and relevant River Basin Management Plans; however, it 

may expand to cover plans related to flood risk and land use, where appropriate. 
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Programme dependency: Preferred Regional Plan 

Once a preferred Regional Plan has been identified, this will need to feed into the SEA process 

to allow for the assessment of the plan in its entirety. In addition, the SEA requires an 

assessment of reasonable alternatives. The timing of the assessment should be settled during 

the scoping phase. 

 

 

Formal consultation  
The SEA Regulations require a consultation on the draft plan, its complete environmental 

assessment of that plan and its reasonable alternatives. WRE’s program includes two phases of 

draft plan:  

• August 2021 launch of draft plan for inter-regional consultation  

• August 2022 publication of final draft plan 

 

There is currently no guidance setting out at which point the SEA public consultation should be 

conducted, but it seems reasonable to assume it should run alongside the August 2022 

consultation. This is another area where alignment with the other Regional Groups is required. 
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WRE Engagement Task and Finish Group Method Statement 
 

1. Stakeholder engagement 

WRE is uniquely placed as a regional group as our overall ‘ethos’ for the development of the 

Regional Plan is one of co-creation, engagement, and collective decision-making, rather than 

creation and consultation.  

 

We will co-ordinate the outputs of the sub-regional planning processes and the associated 

working groups via a series of Planning Conferences for stakeholders in each area. This will 

enable us to discuss a range of proposed solutions, to understand challenges and opportunities 

and to seek consensus on the portfolio of options which will go forward into the next stage of 

planning processes.  

 

We will then seek to innovate around the potential funding options for each solution. This will be 

based on the assumption that to truly deliver a plan which delivers the greatest value for the 

region, a range of multi-sector funding sources will be needed, rather than an expectation that 

water company Water Resource Management Plans will address the full range of regional water 

management needs. 

 
Engagement Structure 

To facilitate co-creation and engagement WRE has three key groups: 
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• Strategic Advisory Group - are formally members of the company and will support and 

enable the Board of Directors to make informed decisions. Individual members will 

provide specific advice where WRE activities or outcomes have positive or potentially 

negative impacts on their specialist activities. The Strategic Advisory Group will formally 

vote on key matters as deemed by the Board of Directors 

• The Consultation Group - formed of organisations who do not wish to, or are unable to 

become members of the company, for example government organisations, regulators, 

and customer representatives. This group does not have formal voting rights but is 

integral in bringing a broad view beyond the membership, bringing welcome challenge 

and specialised knowledge 

• The Technical Delivery Group (TDG) - ensures delivery of the core Technical Programme 

and a number of specific Task and Finish Groups, each led by members of the Technical 

Delivery Group report into the TDG.  

 
Detailed below are the key activities WRE will undertake to ensure clear and regular engagement 

with its stakeholders: 

 

• Comprehensive website (https://wre.org.uk/), and active communication over two social 

media channels, Twitter (@WaterREast) and LinkedIn (Water Resources East).  

• Quarterly meetings with our entire membership, our Strategic Advisory Group, together 

with our Consultation Group (regulators and other government agencies). The purpose of 

these meetings will be to engage our membership in the emerging plan, to identify any 

concerns or opportunities as early as possible and to gather feedback and suggestions 

throughout the process. 

• Engage with regional MPs and other key political figures on our plan and on specific 

projects. We will seek to hold MP-sponsored events in Parliament as appropriate.  

• WRE conference in 2021 exploring water specifically in the context of agriculture, food 

and the environment in Eastern England.  

 
Throughout this process, we are also working closely with the other four regional planning groups 

to ensure that our processes and their outputs align and identify a clear national picture, as well 

as a clear sub-regional and regional picture.  

 

The five regional groups have formed a Regional Co-ordination Group with Defra, the EA, Welsh 

Government, National Resources Wales and RAPID, and this group meets on a regular basis. 

 

 We recognise that there are differences between the approaches being taken by each region, for 

reasons of history and governance, but we will use the Regional Co-ordination Group to highlight 

risks, particularly around national alignment, and collaborate to develop solutions. 

 

2. Water company customer engagement  

It is important to us that our regional plan is supported by the customers of the water companies 

who are represented in the Water Resources East Region. Particularly to ensure alignment 

between the regional plan and company WRMPs. It is also important as any funding 

requirements will need to gain support through the company Business Plans and be tested 

against the other areas of priority for water and wastewater services. 

 

Our approach is to utilise the current expertise within the companies to facilitate engagement 

with customers to inform the regional plan.  A task and finish group for Water Resources East 

representing all the water companies has come together to ensure a consistency of approach 

and in particular a shared set of questions where the same area of research is being conducted. 

The companies will also be reviewing previous work conducted to look at a wide breath of 

evidence. 
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The group has identified four key themes to test with customers’ through a mixture of qualitative 

(survey and focus group techniques) and quantitative research (e.g. stated preference, 

willingness to pay affordability testing etc.).  

 

• Resilience – how reliable the water system will be, how adaptable the system will be to 

changing conditions and how the system will evolve as the future changes.  

• Environment – how the plan delivers on ambitions to protect and restore the water 

environment, the broader environmental aims and objectives of the plan, and the impact 

of the plan’s options on the environment. 

• Demand-side levers – how the plan impacts directly on customers (e.g. per capita 

consumption, water efficiency). 

• Supply-side solutions - the range of potential resource options and how they might be 

implemented (including balancing between sectors).  

 
All customer engagement will be conducted using best practice principles and will look at a wide 

breadth of segments across the customer base (including both household and non-household 

segments). 

 

The Water Companies will also ensure they publicise the Regional Plan with their stakeholders 

and customers to facilitate engagement. 
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Multi-Objective 

Robust Decision 

Making (University of 

Manchester) 
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WRE Decision Making Under Uncertainty 
Scoping report (version 6) 

 

The University of Manchester Water Resources Group 

August 7 2020 

Executive Summary 

This document describes the proposed decision-making approach, and its methods and tools, for 
the Phase 2 Water Resources East project, a successor to the Phase 1 implementation (2015-2018).  
WRE phase 1 used a combination of Decision Making under Uncertainty (DMU) methods 
including Robust Decision Making (RDM) and Robust Multi-Criteria Search (MCS), both endorsed 
by UK water resource system planning guidelines (UKWIR, 2016). Phase 2 is proposed to use a 
similar approach, but with a modernised and streamlined set of improved tools.  

The overall goal of the WRE Phase 2 decision making technical framework is to produce a 
regional water resource system strategy and resource development and conservation 
programme that efficiently balances the needs of stakeholders form multiple sectors 
(agriculture, environment, energy and public water supply) whilst being robust to uncertainty. 
The strategy is proposed to be developed using a customised DMU framework based on work 
from WRE Phase 1. The strategy will begin as a static portfolio of options for the year 2050 (or a 
small number of preferred portfolios). This portfolio of water supply development is then to be 
scheduled over time into plan such that it can to align with WRMP outputs. The Phase 2 DMU 
framework is summarised in section 1.2 visualised in . Table 3 provides a summary of the Phase 2 
framework proposal as compared to Phase 1. 

WRE Phase 2 is proposed to use a web-based interface to visualise proposed plans, the regional 
simulator, its outputs. The interface will integrate an improved version of the parallel plot trade-
off analysis tool, Polyvis, used in Phase 1. Portfolios or plans selected in the trade-off view will be 
viewable in a map view and exportable into a simulator view to run and view time-series results.  

We detail these proposed improvements in the next sections. Section 1 details the WRE Decision 
Making under Uncertainty (DMU) process and summarises the proposed updates to the process. 
The rest of the scoping report details the proposed updates including the simulator (section 
Error! Reference source not found.), the multi-criteria search (MCS) process (section 2), the MCS-
Simulator linkage (section 3),  and model and portfolio access and visualisation (section 4). 
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Table 3. High level summary of Phase 2 proposal 

Framework component Phase 2 proposal 

WRE-Interface (WRE-I) Simulator, parallel plot trade-off analysis (Polyvis) and portfolios 
visualised in custom WRE web portal, which enables running 
simulations and viewing output over the cloud. 

Problem formulation (XLRM) Scenarios: Climate change and weather, no demand scenarios;  

Metrics: Based on Phase 1 metrics w/possibility to update; e.g.  net 
gain and CO2 

Interventions: Focus on strategic options, no demand 
management (demand modelled as an aggregate intervention in 
search) 

Simulator: Two versions, simple and more detailed. New versions 
tested and validated using CI/CD pipeline 

Baseline vulnerability/sensitivity 
analysis 

Simulations over WRE scenario ensemble performed 
automatically when new simulator version is released and used 
within vulnerability analysis. RDM methods used to inform robust 
MCS formulation (scenarios, objectives quantified by metrics, and 
constraints of the search process). 

Portfolio Multi-Criteria Search A new search API (application programming interface) to connect 
CI/CD pipeline to efficiently update and post-process searches. 

Search formulations start simple, iteratively made more 
complicated (i.e., more scenarios, search metrics etc...). Run 
mainly on UM cluster and on cloud when additional resources 
required 

Trade-off analysis Trade-off analysis using updated Polyvis that links to WRE-I, 
portfolios visualised on map and able to be run in interface. 

Portfolio scheduling Portfolios scheduled into plans using EBSD and MCS 
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Figure 7. The proposed WRE Decision Making Under uncertainty framework. The framework starts with a Robust Decision Making (RDM) XLRM problem 
formulation where the planning problem is characterised by defining the uncertainties that can make a system vulnerable, metrics of performance, possible 
interventions (e.g. new supply options or operating policies) and a system simulator is built. The existing system is simulated run under a wide range of 
uncertain scenarios followed by a baseline vulnerability analysis. The simulation model is then connected to a Multi-Criteria Search (MCS) algorithm that 
iteratively tries out the different combinations of possible interventions while trying to maximise and balance multiple stakeholder performance metrics. 
The robust search is run under many scenarios of uncertainty ensuring that the portfolios and the trade-offs they represent are resilient under a wide 
variety of plausible futures. RDM methods help determine which scenarios to include in the robust MCS. MCS produces efficient Pareto-optimal portfolios of 
interventions in which one metric cannot be improved without reducing the performance in another. Minimum performance thresholds are used in a trade-
off analysis step to select a candidate portfolio which is then submitted into a vulnerability analysis step. In order to align with WRMP output the 
interventions in the portfolio are scheduled into a plan via EBSD and MCS to provide complementary decision relevant information. The model, trade-off 
analysis and portfolio visualisation will be made available to stakeholders via a web-based interface, WRE-I, to enable iterative learning, co-production and 
to help build a shared WRE vision.
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1. Overview of the WRE Decision Making Under Uncertainty 
Process 

1.1. Summary of Phase 1 DMU Framework 

The Water Resource East (WRE) Phase 1 decision making under uncertainty (DMU) work package 
used a Decision Making Under Uncertainty (DMU) process which combined a bottom-up 
participatory XLRM process (Lempert et al., 2003) to characterise the planning problem; a Robust 
Decision Making (RDM) (Lempert et al., 2006b) inspired baseline vulnerability assessment to 
determine the vulnerabilities of the current system to future uncertainties; and multi-criteria 
search (MCS) (Matrosov et al., 2015) to identify portfolios promising portfolios of supply, demand 
management and policy interventions that maximise system performance in multiple 
stakeholder-defined metrics and quantify their trade-offs. We describe this process in more detail 
below. 

The first step of the WRE DMU framework (Figure 9) consisted of a participatory XLRM problem 
characterisation process which included defining: 

1. (X) The exogenous uncertainties which may affect the system’s performance in the 

future. These included climate change and weather effects on hydrology and 

different socio-economic scenarios influencing demand growth. Climate change 

uncertainty was represented by three emissions and eleven climate change scenarios. 

Hydrological (i.e. weather) uncertainty was represented by 200 stochastic weather 

traces and socio-economic uncertainty was represented by five scenarios. Overall 

33,000 different scenarios were considered. 

2. (L) The possible decision Levers (i.e. interventions) that can improve system 

performance. These included supply (reservoir, reuse, desal, ASR), demand 

management (efficiency improvements, grey water reuse, metering and tariffs , 

leakage reduction and policy interventions (e.g. agriculture and energy abstraction 

licences, hands off flow rules, groundwater abstraction limits etc..) that decision 

makers can take to improve system performance for the different stakeholders.  

3. (R) A relationship that quantifies the metrics under the different exogenous 

uncertainties. This involved developing a regional Pywr WRE water resource system 

simulator. 

4. (M) Quantitative performance Metrics. Performance metrics were developed to 

quantify the water resource system benefits to define the performance of the system 

using the simulation model. Thousands of performance metrics were defined to 

quantify public water supply, agriculture, environmental and energy sector 

performance in the region.  

The second step of the process involved performing a vulnerability analysis of the system. Using 
the metrics, model and scenarios identified in the XLRM process, the aim was to identify under 
what conditions the WRE system is vulnerable. The model was run over each of the 33,000 
scenarios and its performance was recorded. A vulnerability narrative was then produced for the 
WRE region. 

The third DMU process step connected the multi-scenario WRE simulator to a search algorithm 
(many objective evolutionary algorithm, or ‘MOEA) to identify promising robust portfolios of 
future options that balance the various stakeholder goals in a process called multi-criteria search 
(MCS). MCS uses a simulation model to efficiently filter through the many possible future options 
and their combinations while maximising a limited number of search metrics (objectives) and 
uncovering potential trade-offs between them (Maier et al., 2014).   
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The search process starts by selecting a random set of option decisions (e.g. the activation or not 
of supply options and their capacities, demand management measures, operating policies etc…) 
and implementing them in the simulation model which is automatically run producing multiple 
summary performance metrics representing stakeholder priorities (search metrics). The search 
algorithm performs evolutionary operations on the best performing solutions by for example 
combining and changing around different aspects of the portfolios with the aim of making new 
portfolios that perform better than the original ones. This process is repeated over tens or 
hundreds of thousands of iterations (function evaluations) producing Pareto-optimal portfolios 
where one search metric cannot be improved without reducing performance in another resulting 
in a trade-off. Figure 8 visualises this process. 

 

Figure 8 Visualisation of the multi-criteria search process 

WRE employed a “robust” MCS meaning that the search was performed simultaneously 
considering multiple different plausible future scenarios. In WRE phase 1 the search was 
performed over two socio-economic and two weather scenarios. In order to converge (see 
section 2.6) , the WRE phase 1 MCS was run over 25 random seeds (initial ‘decision’ conditions) 
and each seed was run for 300,000 function evaluations, where each function evaluation was 
four Pywr scenarios (see section 2.3.1). This process took over two months of continuous running 
on the UM computer cluster. We detail this process further below. 

The MCS resulted in robust and efficient (‘Pareto-optimal’) portfolios which were visualised using 
parallel axis plots within a purpose-built interactive website (www.polyvis.org). WRE 
stakeholders used the Polyvis software (Figure 10) to filter the portfolios using both search and 
tracked metrics and minimum performance thresholds. The minimum performance thresholds 
were combined to identify a limited number of WRE portfolios for further deliberation. 

Selected efficient portfolios could then be submitted to a stress test similar to the vulnerability 
analysis. The WRE Phase 1 process is summarised in Figure 9. 

Model is run thousands of times by multi-

criteria search (MCS) algorithm with

different management decisions and

infrastructure investments, performing

differently each time

Blue points represent iterative portfolios

ran by the MCS as search metrics are

improved

Red points represent the best possible

trade-offs or ‘Pareto-optimal’ solutions

http://www.polyvis.org/
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Figure 9. Summary of the WRE phase 1 Decision Under Uncertainty (DMU) RDM process 

 

 

Figure 10. Parallel plot showing WRE phase 1 portfolio as seen in www.polyvis.org 

1.2. Summary of WRE Phase 2 framework proposal 

We propose that the Phase 2 WRE use a similar Robust Decision Making (RDM) high-level 
decision-making under uncertainty (DMU) design process as Phase 1 including the robust multi-
criteria search but recommend each component be updated and a portfolio scheduling step be 
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introduced. This scoping report suggests the Phase 2 WRE project use a web-based interface 
(WRE-I) so that WRE stakeholders can view, edit model inputs, view and analyse results, and even 
run the WRE simulator under controlled conditions so as to gain confidence in its accuracy and 
appropriateness as an impact assessment and decision-making tool. Future portfolios would be 
visualised in a map view together with an integrated Polyvis parallel plot view.    

The Phase 2 XLRM problem formulation step would serve to update the components of the MCS 
formulation which include the search and track metrics, scenarios and interventions. The 
simulator is proposed to be updated as part of this process using a Continuous 
Integration/Continuous Validation (CI/CD) process which would automatically run each released 
simulator version under all WRE scenario as part of the Vulnerability Analysis process.  

Scenarios that would be used in the robust MCS must be selected strategically to ensure the 
most decision relevant scenarios are considered. We propose to use machine learning and RDM 
methods (e.g. PRIM and others) to help identify the most relevant scenarios to use within the 
MCS and provide additional decision relevant information about the performance of the baseline 
system. 

The MCS will be iterative and will start by performing simple exploratory searches (e.g. fewer 
objectives). As more is learned about the design and planning problems, the search formulation 
will become iteratively more complex. Initial formulations will allow co-production and learning; a 
final WRE formulation agreed with stakeholders will enable producing a final set of trade-offs to 
assist portfolio selection. Stakeholder portfolio selection would be performed using an improved 
Polyvis.  

One requirement of WRE phase 2 is to align its output with that of the WRMP process requiring 
the WRE portfolio to be scheduled into a plan. Portfolio scheduling via EBSD has been proposed 
by Atkins in their simulator scoping report. We propose to concurrently schedule portfolio using 
multi-criteria search where the year of implementation of WRE portfolio options will be 
scheduled using MCS. In this case, option selection will not be a search decision, as options would 
already have been selected in the portfolio. 

2. Robust MCS formulation 

Robust MCS requires the development of a search formulation which defines the metrics being 
optimised (i.e. minimised or maximised), the decisions which the search algorithm is allowed to 
manipulate (e.g. supply, demand and policy interventions in the system) and the scenarios of 
uncertainty under which the search is run. Robust search is performed under a multitude of 
scenarios of uncertainty to find solutions that perform well over a wide range of uncertain 
scenarios (Lempert et al., 2006b).  The robust search formulation is proposed to follow the 
auspices of the RDM XLRM framework. The next sections summarise the Phase 1 metrics, 
interventions, and search scenarios and details the proposed changes for each formulation 
component for Phase 2.  

2.1. MCS metrics 

2.1.1. Phase 1 metrics 

Initially 11 search metrics were optimised including annualised capital and operating costs; the 
reliability (i.e. frequency of failure) and resilience (length of failure) for the public water supply, 
agriculture and energy sectors; portfolio capital and operating costs; cumulative environmental 
flow deviation (EFR deviation); external transfer use; energy licence; and cumulative agricultural 
abstractions. Search metrics were aggregated spatially. The worst performing WRZ or 
agricultural Catchment Abstraction Management Strategy (CAMS) zones was taken to be the 
search metric value for resilience and reliability while the environmental flow deviations in the 
system were aggregated over all environmental sites. 



117 
 

 

In order to achieve convergence (section 2.6), the metrics formulation was simplified. The 
resilience search metrics became tracked metrics for all three sectors, capital costs and operating 
costs were aggregated into a single ‘Totex’ search metric, and the energy reliability metric was 
removed. The final formulation employed seven metrics. Over 1000 track metrics were quantified 
and saved by the simulator but were not optimised. In addition, search constraints were used. 
Constraints prevent portfolios that fail constraint thresholds from being considered in the final 
trade-off set. Table 4 summarises the final WRE phase 1 MCS metrics formulation. 

Table 4 Search and track metrics quantified by the WRE Phase 1 simulator. 

Performance 

metric type 
Tracked metrics Search metrics Search 

Constraint 

Costs Annualised capital costs of  new interventions 

and operating costs of existing system and 

new interventions 

Sum of annualized 

capital and operating 

costs 

None 

PWS 

Reliability 
Percent of years above Level of Service 

(LOS) 1-4 failures in each WRZ 

Annual reliability of 

worst performing WRZ 

LOS3: >80% 

LOS4: =100% (i.e. no 

failures) 

PWS 

Resilience 
Longest and average failure length for LOS 1-

4 in each WRZ 

None LOS2: >88% 

LOS4: =100% (i.e. no 

failures) 

PWS Deficit Total deficit in each WRZ None <1% of demand 

Agriculture 

Reliability 
Percent of years reaching LOS 1-4 failure in 

each CAMS 

Annual reliability of 

worst performing CAMS 

LOS3: >65% 

Agriculture 

Resilience 
Longest and average failure length for LOS 1-

4 failures in each WRZ 

None None 

Agriculture 

Deficit 
Total deficit in each WRZ None <1% of demand 

Agriculture 

Supply 
Total annual supply to each CAMS (80th 

percentile) 

Sum of abstractions None 

Environmental 

Flow 

Requirement 

Deviation 

(EFR) 

Maximum deviation from target and modelled 

flow duration curve (up to Q90) 

Sum of maximum 

deviations from the EFR 

over all sites 

Deviations from 2024 

baseline on vulnerable 

sites: 

River Wensum (<7%); 

River Nar (<10%); 

8 other sites (<10%) 

Energy license Total energy license Sum of licences None 

Energy 

reliability 
Number of time steps full energy license not 

abstracted 

None Total count = 0 

Energy 

resilience 
Maximum and average length of periods 

when total license not abstracted 

None None 
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Storage and 

flow duration 

curves 

Duration curves of reservoir storage and 

transfers through transfers and flow at 

ecologically sensitive sites 

None n/a 

 

2.1.2. Phase 2 MCS Metrics 

Search algorithm performance generally decreases as more metrics are introduced. A general 
rule of thumb is to avoid formulations with more than nine search metrics. More complex 
problems may require the use of even fewer optimised metrics. The number of search metrics 
had to be reduced to 7 for the WRE phase 1 search to converge. Taking the time to execute the 
optimisation process 30 independent times, each time from a different random starting point to 
prove convergence. 

The  strategic simulator is expected to be simpler than the Phase 1 simulator. A simpler simulator 
will result in a less complex search problem as there will be fewer degrees of freedom with fewer 
nodes and links interacting with each other. This may allow for more search metrics to be used, 
however before live test runs are conducted and model run-time is known this cannot be known 
for certain.  

Following the RDM XLRM process, the search and tracked metrics will be updated together with 
stakeholders. Because WRE general ambition to promote natural capital new metrics such as 
total CO2 or net gain may be introduced. We propose to begin the optimisation process with 
search formulations with fewer search metrics (but still tracking all metrics) and gradually 
increase the number of metrics while monitoring search convergence. Initial simpler formulations 
with fewer search metrics and interventions can converge more quickly. Complexity can be 
added iteratively ensuring that formulations do not become too complex to converge within a 
reasonable time frame. We expect search formulations to be manageable up to about 9 search 
metrics however this depends on search complexity and simulator run time.  

The MCS will use both optimised and tracked metrics. It will be possible to convert tracked 
metrics into search metrics, and vice versa, via the Search API (describe in section 3.1.2). The 
simulator will continue to quantify reliability and resilience metrics of the public water supply, 
agriculture and energy sectors as well as annualised capital and operating costs. Environmental 
metrics may be calculated only on a limited number of sites reducing spatial aggregation 
complexity. Depending on how groundwater is modelled in the strategic simulator, the simulator 
may not take into account dynamic SW-GW interactions. Spatial aggregation of metrics that are 
calculated on a zonal (e.g. WRZ or CAMS) basis is expected to still be required in Phase 2, 
however particular metrics or zones of interest may be disaggregated in some formulations. 
Different spatial aggregation statistics will be able to be calculated using metrics. For example, 
Phase 1 maximised the performance of the worst performing WRZ or CAMS zone. In order to 
prevent poor performance in a small number of zones we propose to continue this ‘minimise the 
maximum’ (mini-max) type of spatial aggregation. In addition, ‘equity’ metrics will record the 
difference between the best and worst components of an aggregation (e.g. LOS3 reliability in the 
worst and best performing zone). These metrics could also be selected as search metrics. 

A simpler more agile simulator will allow running different formulations that target different 
system characteristics. The base case search, as in Phase 1, will identify promising synergistic 
portfolios of interventions. More advanced search formulations could be used to also optimise 
operating rules of selected new or existing infrastructure, or combined intervention plus 
operation rules. We suggest starting with a base-case portfolio search and only expanding the 
search to include operating rules if it becomes clear that this is necessary to achieve useful 
results.  
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2.2. MCS interventions 
2.2.1. Phase 1 MCS interventions 

WRE phase 1 considered new supply and transfer infrastructure, leakage reduction, demand 
management and policy interventions. Infrastructure options included reservoir raising (3), new 
reservoirs (5), aquifer storage and recovery schemes (9), desalination schemes (5), effluent reuse 
schemes (6), inter-regional transfers and transfers from outside the region. Leakage reduction 
interventions were considered for each water company WRZ. Demand management interventions 
included installing water efficient white goods, greywater reuse and the installation of smart 
metering with the implementation of new tariffs. Policy interventions included possible changes 
in water utility groundwater abstraction licenses, the implementation of new environmental flow 
rules downstream of surface abstractions, the increasing of energy abstraction license on two 
rivers (Great Ouse and Trent), and agricultural groundwater and surface water abstraction licences 
in agricultural CAMS. 

Several option activation functions were tested in WRE Phase 1 including the identify function, a 
binary variable and associated identity function, and a rectified linear unit function (Haykin, 2009).  
Activation functions determine whether an option is activated in a portfolio. The identity function 
allows the search to directly select an options capacity. In this case the only way for an option to 
not be activated is for its capacity to be set to 0. Adding the binary variable and multiplying by the 
identify function allows the search algorithm to more easily prevent options from activating but 
doubles the number of search decision variables. The rectified linear unit function preserves the 
ability to easily activate or deactivate options whilst keeping one decision variable per option. In 
WRE Phase 1 the rectifier function which ranged between -0.75 and 1. Negative values on the 
function implied the intervention is not active within a portfolio while a positive number value 
reflects the activation of the intervention linearly scaled between the minimum (0) and maximum 
(1) intervention capacity. Policy decisions such as GW abstraction, agriculture and energy licenses 
continued to use an identity function (capacity only decision). Environmental policy decisions at 
each vulnerable ecological site included the amplitude, mean and phase of a harmonic function 
whose wavelength is one year site representing a seasonally changing minimum environmental 
flow. We propose to continue to use the rectified linear unit function and identity functions when 
appropriate. 

 

2.2.2. Phase 2 MCS interventions  

WRE phase 1 considered supply, transfer demand management and policy interventions with the 
final formulation including 203 decision variables which the search algorithm could manipulate to 
improve performance. The WRE Phase 2 simulator will focus on a smaller subset of selected 
strategic supply options, will have limited dynamic GW-SW interactions (if any) and will not 
include demand management options. This will lead to fewer decision variables that the search 
will manipulate resulting in a less complex and computationally burdensome search. The results 
of the search will also be easier to interpret as fewer degrees of freedom will result in 
intervention decisions being easier to map to resultant trade-offs. 

As fewer options will be considered in the search, more detailed searches will be possible. 
Different sets of search metrics will enable different search formulations, and there will be 
opportunity for the search to also optimise operating rules of key assets. For example, in addition 
to determining whether options such as reservoirs should be implemented, reservoir release 
rules and their allocation (e.g. what transfers from the reservoir) could be optimised for major 
regional schemes. Stakeholders may become interested in particular elements of a system (e.g. a 
group of reservoirs with MRFs or the interaction of reservoirs and desal/reuse schemes). 



120 
 

 

Formulations with more targeted searches (e.g. looking at the decisions in the smaller sub-
problem with a subset of metrics) could help investigate stakeholder queries.  

Agriculture and energy demands in WRE phase 1 were treated as optimised decisions (i.e. 
interventions whose abstraction licence is manipulated by the search algorithm). This is 
convenient as the search will then sample them across their entire feasible range. We propose to 
continue considering energy and agriculture as abstraction decisions in Phase 2. Alternatively, 
specific agriculture demand and energy demand scenarios could be incorporated into the MCS 
formulations. This would increase the number of scenarios considered in the search adversely 
affecting search run-time and convergence as discussed below and is therefore not 
recommended. 

It will be possible to define and change search decisions using the WRE search input file that will 
be used by the search API (section 3.1.2). 

2.3. Robust MCS search scenarios 
2.3.1. Phase 1 MCS search scenarios 

The baseline vulnerability assessment and portfolio sensitivity analysis of WRE Phase 1 considered 
the following scenarios. 

• 3 Emissions (low, medium high) 

• 11 Climates  

• 5 Socio-economic (low and high growth, sustainable and unsustainable demand use, and 

business-as-usual) 

• 200 hydrological weather traces 

The robust MCS search considered the low growth, sustainable demand use and business as 
usual scenario socio-economic scenarios and two hydrological weather traces resulting in four 
scenarios total. The weather traces included the 75th and 25th performing percentile in the 
regionally aggregated public water supply LOS3 metric.  

2.3.2. Phase 2 Scenarios 

WRE phase 1 generated scenarios sampling the uncertainty inherent in weather, emissions, 
climate change, and socio-economic scenarios. In robust MCS the simulator is run over multiple 
scenarios in each iteration of the search process of which 100,000s may be necessary. In Phase 1 
the robust MCS formulation included four scenarios over two dimensions of uncertainty (2 socio-
economic and 2 hydrological). There was a consensus in WRE Phase 1 that more scenarios should 
be included in the Phase 2 search.  

The more scenarios that are included in the robust search, the longer the time required for the 
model to converge. This is because the number of scenarios included in each dimension of 
uncertainty (e.g. demand, climate change, emissions etc…) is multiplied across every dimension 
to get a full factorial sampling of each dimension. For example, running robust search over 3 
dimensions of uncertainty, each with 3 scenarios, requires 3x3x3=27 simulator runs for each MCS 
function evaluation. Adding multiple dimensions of uncertainty and more scenarios within them 
can quickly make a robust MCS formulation too computationally burdensome to solve. Below we 
discuss how to ensure that the WRE phase 2 search considers as many scenarios of uncertainty as 
possible.  

The model run-time and search complexity (roughly a function of the number of decisions, search 
metrics and simulator complexity) will influence the number of scenarios that can be included in 
each robust MCS run.  
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As increasing the number of scenarios considered in the robust MCS increases the runtime and 
search complexity, the scenarios considered must be selected strategically. We propose to use 
RDM vulnerability analysis and other statistical dimensionality reduction machine learning 
methods such as PRIM (Bryant and Lempert, 2010) and Forest Regression (Breiman, 2001; Tin 
Kam, 1995) to select the dimensions of uncertainty and their ranges to inform the scenarios used 
in the robust MCS. The statistical analysis would be performed on the model runs which are 
produced by the model validation CD/CI pipeline. 

The proposed Phase 2 strategic simulator is expected to be less complex with a focus on 
strategic supply schemes along with a potentially smaller geographic area, especially if Norfolk 
and the Nar are excluded, and the Trent at Marham is still considered a boundary condition. This 
could improve the simulation-run time. However the change from a weekly to daily time step will 
have the opposite effect on run-time. We propose the MCS simulator time-step be user defined 
(in whole day increments) in the search API using the search parameter file for each search 
formulation. Initial exploratory searches can be performed with more coarse time steps while 
final runs can be completed with smaller time-steps. 

Weather, emissions, and climate change scenarios are expected to be similar to Phase 1 although 
hydrological flow time series may be shorter than the 91-year sequences used in Phase 1. The use 
of shorter scenarios would decrease the length of each model run. However, the simulator 
reliability metrics require droughts to occur at statistically consistent intervals. The use of shorter 
sequences would potentially require running more hydrological scenarios and could therefore 
limit the runtime improvements. 

Phase 2 will not include demand options but instead PWS demands will be an exogenous scenario 
in the simulator. Within the MCS, PWS demand can be treated as an exogenous scenario. In this 
case the range of feasible PWS demand, and samples within that range, will need to be run as 
scenarios in the robust MCS as described above and would increase search time.  

PWS demand are uncertain. One effective way to deal with this in the search, developed by the 
University of Manchester, is to maximise it such that the optimisation considers the full range 
between low and high demands. This will avoid having to run multiple PWS scenarios through the 
search, thereby reducing the computational expense of the search whilst at the same time 
sampling the full range of plausible PWS demand. The decision on how to treat PWS demand 
within the search can be differed until more is known about model run times, search complexity 
and total number of dimensions of uncertainty. Both methods can also be investigated to 
determine which is more efficient. 

In WRE phase 1 agricultural demand and energy demand was treated as an abstraction decision in 
each CAMS (agriculture) or river site (energy). Agricultural forecasts from Cranfield university 
were used to inform the range of plausible abstractions. We propose to treat these demands 
similarly in WRE phase 2 with the range of energy sector demands being informed by energy 
sector forecasts. In WRE phase 1, agricultural demand, as modelled by the CAMS abstraction 
decision, was multiplied by a factor based on the socio-economic scenario being run. A similar 
factor can be applied in WRE phase 2 based on the PWS demand scenario.  Agricultural demand 
can also be run without an adjustment factor.  In this case, the agricultural abstraction decision 
could be considered to be an exact license decision representing an abstraction licence which 
does not change based on demand scenarios (i.e. the same abstraction occurs in every demand 
scenario). 

After all scenario runs are complete at the end of 1 search iteration, statistically aggregated 
‘robustness metrics’ are calculated to determine how the portfolio performs over the selected 
scenarios. Examples of statistical aggregation of metric values over the scenarios include the 
mean, median or another percentile statistic of a performance metric calculated over the 
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scenarios (e.g. 90th or 75th percentile). Typically metrics for which stakeholders are more risk-
averse, higher percentiles are selected (e.g. 90th percentile). Robustness metrics can be easily 
changed in a search formulation and will have to be agreed with stakeholders. These would be 
set within the Search API. 

2.4. Portfolio selection  

The output of the MCS search process is a set of Pareto-optimal portfolios. We expect roughly 
1000-3000 portfolios to be produced by the final MCS formulation. The portfolios will likely have 
performance trade-offs between search and tracked metrics. Stakeholders will then need to 
select a candidate portfolio. In Phase 1, portfolio selection and trade-off analysis was performed 
using the interactive parallel plotting software Polyvis. We propose to use an improved version of 
Polyvis which links to the WRE-I which will be able to map portfolios and run them in the 
simulator view. Portfolio selection is covered in more detail in 3.4. 

2.5. Portfolios scheduling to produce plans 

WRE phase 1 performed portfolio search which identified Pareto-optimal portfolios of options for 
the year 2050. This assumed that all options would be active in 2050 but did not specify when 
options should be built (i.e. options scheduling) nor did it produce adaptive portfolios. UM has 
experience scheduling option portfolios using MOEA. We propose WRE Phase 2 work include 
scheduling of the selected portfolios using robust MCS in addition to the proposed EBSD 
portfolio scheduling. This would require stakeholders to identify one to three ‘selected’ WRE 
portfolios and would require dynamic flow scenarios, including a set of stochastic hydrological 
sequences, representing climate change progression from 2025 until the year under which 
portfolio search was performed. In this case, the robust MCS decision variables would be the year 
that options are implemented whilst the options that are activated would be static and would be 
defined in the selected portfolio. Schedules produced by the robust MCS would be displayed as 
trade-offs with search and tracked metrics, similar to that of the portfolios MCS. Once portfolios 
are selected, the simulator could be simplified by removing options that are not selected 
reducing runtime and search complexity.   

MCS optimised schedules could complement those produced by EBSD, as discussed in the Atkins 
simulator WRE proposal but they would have the advantage of not being subject to the 
limitations of simplified annually aggregated linear single objective EBSD modelling. 

2.6. Search convergence 

MCS is an optimisation technique that approximates a Pareto trade-off surface in multiple 
dimensions, where each dimension is represented by a search metric. The Pareto surface has as 
many dimensions as there are search metrics.  

In the context of WRE, an MCS search begins by the search algorithm creating an initial 
population of infrastructure portfolios where each member of the population is a simulator 
instance with different intervention decisions taken (in WRE phase 1 this was the activation of 
different supply, demand management, policy, efficiency and leakage and their capacities). This 
initial population is run in the simulator. The search algorithm selects the best performing 
portfolios of interventions, performs ‘evolutionary’ operations on them to create new solutions, 
then runs these new portfolios along with additional random solution in the next generation of 
the MCS run. Over successive generations, the search metrics are either maximised or minimised 
depending on the direction of preference for each metric. The MCS is run for tens to hundreds of 
thousands of simulation runs until the search metrics do not improve any further.  

This process is done multiple times for the same formulation where each MCS run starts with a 
new set of random interventions known as a ‘random seed’. It is necessary to run multiple seeds 



123 
 

 

as for complex searches, as it is unlikely that a single seed will converge and find the entire 
Pareto set of solutions. Fifteen to Thirty random seeds should be performed for a ‘final’ results 
run to ensure that the search converged. For models that have a long run-time, this can be 
computationally burdensome, although necessary. It may be possible to reduce the number of 
random seeds required if it can be shown that a smaller number of random seeds results in the 
level of convergence (see below). 

A common convergence criteria in MCS is the hypervolume (Kollat and Reed, 2006). The 
hypervolume provides a measure of the volume of the Pareto space defined by values of its 
objectives. One seed of an MCS run is considered converged if the hypervolume of the Pareto 
space of the run stops increasing even as more search runs are completed. The aggregate 
hypervolume of multiple seeds can be calculated. If the aggregate hypervolume of all the seeds 
combined stops increasing with increasing model runs, the MCS run for that formulation is 
considered to have converged. 

In total, WRE Phase 1 was run for 25 random seeds where each seed was run for 300,000 function 
evaluations (4 model runs for each of the four scenarios of uncertainty 2x hydrological and 2x 
socio-economic scenarios). The hypervolume plot for each seed and the aggregate hypervolume 
as a function of the number of model runs during the MCS can be seen in Figure 11. The MCS is 
determined to have satisfactorily converged around 300,000 model runs of 25 seeds. The figure 
shows how different seeds perform markedly different form each other.  

We propose to use hypervolume in WRE phase 2 as a measure of convergence. The hypervolume 
of each seed and aggregate of all seeds will be calculated using an automated procedure. In 
order to minimise the number of random seeds for each formulation we will continuously (using 
the search API) perform HV calculations while each formulation is running. In addition to 
calculating the HV of each seed and the total Pareto-space HV, we propose to calculate HV using 
‘bins’ composed of a subset of the total number of run seeds and calculate the HV of each bin 
(Geressu and Harou, 2015). The number of seeds within each bin will be progressively increased 
until the HV of each bin (which is composed of a different subset of seed runs drawn from the 
‘pool’ of runs) will be equal. The number of seeds in each been required to achieve a constant HV 
between bins will be assumed to be the required number of seed runs for that formulation. This 
process is designed to prevent arbitrarily determining how many seeds to run and only running 
the number of seed as necessary to achieve search convergence.  
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Figure 11. Hypervolume of the WRE Phase 1 search results 

3.   WRE Phase 2 many-criteria robust search technical process 
3.1. Technical MCS process 

This section of the scoping report describes the technical MCS process proposed for Phase 2. This  
describes how the simulator-search connection will be tested and how searches will be 
performed and processed; the many-objective evolutionary algorithm and its connection to the 
simulator (wrapper); and the MCS formulation (i.e., the search objectives, constraints, tracked 
metrics, and decision variables - the intervention decisions the search will be optimising). 

In WRE phase 1 the MCS process was a manual procedure that required analysts to manually 
incorporate new simulator versions as they were issued, manually add/delete or modify search 
and track metrics and decisions, manually initiate and restart searches, manually check their 
convergence and manually post-process them into Polyvis results files. In order to improve the 
efficiency of MCS in WRE phase 2 we propose to streamline the MCS deployment process by 
creating a web ‘Application Programming Interface’ (API) which enables searches to be 
deployed, checked, stopped, post-processed and published via a centralised interface. This API 
will also integrate into the simulator CI/CD pipeline (described below). The proposed API is a text-
based interface and is intended for advanced users and analysts to facilitate the efficient 
deployment, post-processing and organisation of searches. Stakeholders will interface with 
search results via a Graphical User Interface as described in Section 4.The search API will have 
functions that replicate the steps required to perform a test search to test new model versions 
from the CI/CD pipeline. 

3.1.1. Integration with simulator “Continuous Integration/Continuous Delivery”  

It is proposed that the simulator build and validation process (reference JT/Atkins report) follow 
a “Continuous Integration/Continuous Delivery” (CI/CD) pipeline process which continuously 
tests and validates new versions of the simulation models as they are created and issued.  

We propose a similar process be used to manage the optimisation model (i.e., the MCS 
process).For CI/CD integration of MCS we propose to create an API function which will run a small 
test search to verify that the search functionality, post-processing, and result publication works 
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correctly under a range of deployment settings (e.g. search scenarios, search metrics, 
computational infrastructure such as the UoM Cluster, AWS cloud, etc…); see below for details.  

3.1.2. Search deployment 

We propose the web API manage all searches of the DMU process. As is well known, and 
evidenced in the WRE Phase 1 project, the MCS process is iterative and requires developing and 
fine tuning a search formulation over time. The API will facilitate search efficiency and create an 
organisational structure to keep track of and record each search’s formulation, model version, 
results and other relevant data. Searches will be able to be performed on the UM cluster and on a 
cloud computing resource (e.g. AWS, Azure). 

A summary of proposed API functions includes: 

• Create Pywr model input files (e.g. JSON file) for the latest, or earlier if need be, model 

version available on a Git repository.  

• Initiate and run a mini-search to test a newly released model version (or test a previous 

version) within the search process. This function will be able to be called via the CI/CD 

pipeline. Upon completion of the search, the results will be post-processed and 

published. This will test the whole search pipeline. No parameters are necessary for this 

step except the model version, but additional parameters could be included to test under 

different deployment settings (e.g. UoM Cluster, AWS, Azure etc…). The function will 

download the newest model from the Pywr model ‘Git’ repository and create the 

required Pywr input files (e.g. model JSON) and complete a mini-search. The mini search 

will run for a limited number of function evaluations. Once complete, the results will be 

post-processed and published to a centralised data storage space (i.e. the WRE Azure 

Data Lake). Each of these steps will be confirmed to have completed successfully. If any 

of these tests are not successful the search CI/CD test will return a fail signal. 

• Initiate and run a full search using one or more seeds using a specified model version, 

seed number, number of function evaluations and MCS formulation file that defines the 

search metrics and decisions. Each search will have a unique search ID. Additional 

parameters will include the computational infrastructure selected (e.g. UoM Cluster / 

AWS / Azure) to be used and the number of cores required. 

• Check Progress: A request to this will return the status (complete, running, error) of a 

specified search ID, as well as some high-level metrics such as number of function 

evaluations complete, hypervolume etc. 

• Post-process results: This function will post-process results producing summary statistics 

(e.g. search metric distribution, hypervolume over seed, hypervolume overall seeds with 

same formulation etc..) and relevant output files (e.g. for Polyvis and the WRE Web 

Interface). 

• Publish Search: After post-processing, relevant output files will be copied to a location 

(e.g. AWS S3, Azure Data Lake) accessible to the WRE Web Interface (see section 4). Raw 

and summary data will also be copied for storage.  

• Stop Search. This will cause a search to stop. 

• Restart Search. This will cause a search to restart from where a previous one stopped 

(due to computational time limitations or an error), accepting a search ID and an archive 

number from which to restart the search. 

• All API functions will be unit-tested to minimise likelihood of disruption within the CI/CD 

Pipeline. 

3.1.3. Computational infrastructure 
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The MCS process requires running the simulation model ten to hundreds of times for each 
iteration of the optimisation algorithm. Parallelisation allows for running many instances of the 
simulation model concurrently, drastically decreasing the time required to complete one 
optimisation. 

Parallel MCS runs can be performed on either High Performance Computer (HPC) clusters (i.e. 
super computers) or can be run on the cloud using commercial services such as Amazon AWS and 
Azure. 

WRE phase 1 MCS was run on the UM Computational Shared Facility (CSF), a High Performance 
Computing (HPC) cluster (i.e. super-computer) which is composed of 9,500 cores, where a core 
can be considered to be an individual computer. UM has access to the UM CSF which is free at 
the point of use, however users are limited by the number of cores they can access (120) 
concurrently and by the total run time (4-days). At times of high use, runs are put in a queue.  
Cloud computing services do not have these limitations, however these services are chargeable. 
At time of writing, 24 hours use of a 96-core virtual machine on Microsoft Azure, (Including 
related services such as data storage) costs approximately 30-50 GBP. 

The use of MCS in water planning is an iterative process where an MCS formulation (i.e. simulator 
configuration, set of decisions, search metrics and scenarios of uncertainty) is tested and 
improved over many search runs. Typically dozens to hundreds of searches are performed before 
results are considered ‘final’. The WRE Phase 2 search model is expected to have a faster run time 
and will be simpler allowing for more agile searches. This will allow for a broader range of search 
formulations. During WRE phase 1, searches were being run almost continuously over the course 
of the project (an estimated 4,000,000 computer hours were run). We expect a similar amount of 
computational resources requirements for WRE phase 2 albeit with faster processors due to 
computing improvements.  

For WRE phase 2, we propose to use the free-to-use UM CSF when it is available, however to also 
have the ability to run on third-party cloud computing infrastructure when results are needed 
quickly. We propose to use Microsoft Azure for this purpose, as Azure is being used elsewhere in 
the project. 

3.2. Many-objective evolutionary algorithm and simulator wrapper 

WRE Phase 1 used the state-of-the-art Borg many-objective evolutionary algorithm (Hadka and 
Reed, 2013). The Borg MOEA was chosen for its high end performance in solving complex multi-
objective problems (Hadka and Reed, 2012; Reed et al., 2013; Zatarain Salazar et al., 2016).   

The Borg MOEA is propriety code but it is free for academic use. As an academic institution, UM 
will be able to use Borg free-of-charge for WRE phase 2 for initial searches. Production searches 
will be performed with a purchased commercial license. The Borg-Pywr ‘wrapper’, which links the 
simulator to the search algorithm will need to be updated to support the updated WRE simulator.  

Different search algorithms may solve different MCS problems more efficiently.  Several open-
source Python libraries exist which facilitate the use of multiple search algorithms. Several 
“wrappers”, which facilitate connecting Pywr models to different search algorithms exist 
including Platypus, Pygmo and Inspyred. The Platypus library includes the largest variety of 
search algorithms. 

We propose to use the Platypus library as well as Borg for Phase 2 MCS search. Using both will 
require updating the existing MCS wrappers. The use of Platypus and Borg will allow the WRE 
MCS to be used with state-of-the-art search algorithms which can be tested and compared 
against each other to determine which is most efficient for the WRE MCS formulation.   
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3.3. Search publishing 

The development of  MSC search formulation is iterative. Search formulations are iteratively 
developed, de-bugged and improved before a ‘final’ search is completed over many seeds to fully 
converge. ‘Final’ converged searches may largely become redundant if the simulator is modified 
or for other reasons including changing requirements. ‘Final’ search results will be published 
through the search API. Iterative runs, which have significant storage requirements, will be saved 
temporarily. Redundant ‘Final’ searches would be saved in cost-effective ‘cold-storage’ which has 
limited instant access.  

3.4. Portfolio selection 
The output of the MCS process is a set of Pareto-optimal solutions. While multiple exploratory 
formulations may be trailed, we propose that the main focus be on a single WRE formulation which 
is iteratively improved and whose final output will be a set of optimised high value WRE portfolios. 
The final WRE set of Pareto-optimal trade-offs composed of possible portfolios will need to be 
investigated and analysed both by analysts and stakeholders. In WRE phase 1, final search results 
were produced late in the project. In WRE Phase 2, it is intended that ‘final’ search results will be 
made available much earlier in the project time-line. This will allow time for in-depth trade-off 
analysis by both stakeholder and analysts and allow time for a selected portfolio to be stress-tested 
and scheduled.  
 
Is it proposed that stakeholders have access to search trade-off results via an interface (WRE-I) and 
an improved Polyvis, discussed in the next section. This will allow stakeholders to become familiar 
with the model and its outputs, the ‘Polyvis’ portfolio selection software, and the trade-offs as they 
are being developed. Capacity building and system familiarisation will allow WRE stakeholders to 
quickly select and analyse portfolios when the final search is completed.   
 
WRE phase 1 trade-offs were composed of 1000s of tracked metrics which all could potentially 
trade-off or correlate. The trade-off analysis process was performed manually. The WRE phase 2 
model and MCS formulations are likely to be more simple, however trade-off analysis may still be 
complex. To aid the trade-off analysis process  UM analysts propose to use machine learning 
methods such as Random Forest Regression (Breiman, 2001; Tin Kam, 1995) to automate 
identification of trade-offs and correlations to inform portfolio selection and trade-off analysis. 
This will speed up the trade-off interpretation process and assist stakeholders in understanding 
search results. 

 

4. Model and portfolio visualisation 

The WRE Phase 1 simulation model did not have a user interface. The performance trade-offs 
implied by different efficient (‘Pareto optimal’) combinations of schemes (option portfolios) 
were visualised in Polyvis (a web-based interactive parallel axis viewer) but selected portfolios 
could not be visualised on a map and their disaggregated performance (i.e., what happens at 
different places in the water system at different times) could not be quickly or conveniently 
plotted and assessed. 

We propose WRE phase 2 expand the Polyvis tool for a better user experience, and introduce a 
new web-based user interface called the WRE Interface (WRE-I) to view the strategic and 
detailed simulation models. This includes visualising the model data inputs, outputs, simulated 
geographical node-link water resource network and portfolios of supply options (groupings of 
options within a single optimised plan). This view will be called the ‘map’ page (Figure 12). 
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4.1. Stakeholder visualisation of model input data & results 

The WRE simulation model will be iteratively built, modified and released using the CI/CD pipeline, 
the proposed model build quality assurance and validation process. Production versions of the 
simulation model (i.e. the verified output of the CI / CD pipeline) will be loadable into a web-
based interface (WRE-I).  

An example of a ‘map’ view of a web-interface with a small model is provided in Figure 12. The 
data associated with each model node (representing a WRZs aggregate demand, infrastructure, 
options etc..) can be inspected directly in the interface. This enables users to view the system 
(current baseline and portfolios), and to analyse time-series and performance metric outputs 
under different scenarios (e.g., climate change impacted hydrological flows). 

The model in the interface can be made available to the TDG and other stakeholders who could 
be given customised permissions allowing them to view, edit or even run the model. Any model 
changes made in the interface will not be part of the CI/CD pipeline and will therefore be internal 
to each user’s account. These changes will not be considered ‘official’ and are intended to help 
foster understanding of the simulation’s capabilities and enable independent analysis of model 
results by stakeholders.  The interface will allow individual users to investigate the model and its 
outputs allowing them to understand and verify the model, its data, operating rules and 
performance metrics. As a result, users may want to propose changes to the released model. 
These can be incorporated using the CI/CD pipeline procedure. 

Enabling TDG members to inspect the model, its input data and its outputs will increase 
transparency, confidence, and understanding of the model. Stakeholder access to model results 
has the following advantages: 

1. By being able to view, edit, and run the model stakeholders gain greater understanding 

and increased confidence in the model’s input data and outputs. 

2. Limits misunderstanding or mistrust of the model and its performance metrics. 

3. Streamlines interaction between modellers and stakeholders, and facilitates 

communication in the project overall. 

Upon release of each new production version of the model, the model can be shared with the 
TDG via the WRE-I. Model input data as well as output time series and metrics will be uploaded 
from a shared WRE data storage facility (‘Data lake’). The model will initially be loaded using 
historical time series, but users will be able to dynamically add other scenarios that are available 
in the Data Lake.  

The WRE model  may require some simplification when visualised in a geographically based 
graphical user-interface. The WRE-I will allow to hide from view individual nodes, or node types 
(groups of nodes of the same type). The interface will allow the ability to compare system 
performance under different scenarios. An example of this is seen in Figure 13 which shows the 
storage time series of a reservoir under two different hydrological scenarios.  System 
performance can be represented using time series or performance metrics. Users have the ability 
to define custom performance metrics. 

WRE members will be given login details to WRE-I with bespoke permissions ensuring secure 
access. For example, some users will have viewing privileges either of the whole system or only 
for data from their own organisation whilst others will be allowed to edit and run the model. 
Permissions will be customisable. 

Some data inputs and outputs stored in the data lake are too large to visualise through an online 
editor. The limits of data visualisation for external files will be explored, and an appropriate 
process put in place to enable access to this data if required.  
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Figure 12. Sub-model of the WRE phase 1 model. The full WRE phase 2 model will be displayed in a 
customised WRE web-based interface (WRE-I) 

 

Figure 13. Storage time series of a reservoir under two different hydrological scenarios. 

 

4.2.   Search Management and Results Visualisation in WRE-I 

WRE-I will extend the functionality of Polyvis to enable the detailed viewing and analysis of 
selected portfolios. When a user clicks on an a given line on the Polyvis plot, a simplified GIS 
representation of the model will be shown, showing the supply options and transfers in that 
portfolio. WRZ and other zones will be coloured based on a pre-defined performance metrics, 
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(e.g. WRZ reliability) with colouring or shading representing the metric values. Users will be able 
to save filter settings for later viewing and will also be able to share a filtered dataset. A proof of 
concept mock-up of an integrated Polyvis and portfolio visualisation is displayed in Figure 14.  

In addition to this high-level visualization, users will be able to simulate selected portfolios under 
user-defined scenarios and interrogate these through the ‘map’ page of the WRE-I model 
interface. On selection, the user can export these results to a standard WRE-I map page (e.g. 
Figure 12) where portfolio comparison can be performed (e.g. time-series visualisation and 
comparison, as described in section 4.1). 

 

Figure 14. Prototype interface page that combines a Polyvis parallel plot view along with a simplified 
geographic portfolio visualisation showing option activation. 

4.3. Portfolio Interrogation & Comparison 

Aa tool will be developed which will allow multiple portfolios to be  loaded in the WRE-I ‘map’ 
page. Selecting one or several portfolios will retrieve the appropriate model used for the search 
and load it into the ‘map’ page of the WRE-I. Loading in the ‘map’ page will require the user to 
select which scenarios (e.g. hydrological) should be loaded in the ‘map’ page. To enable 
interactive use, a default can be set so that only a few of the scenarios used in the search are 
loaded. 

Within the ‘map’ page the different portfolios will be shown in a portfolio table or portfolio 
dropdown menu. Selecting a portfolio in the menu will show the portfolio on the map. Options 
not selected in a particular portfolio (i.e., capacity is 0) will be hidden when that portfolio is 
selected by the user. Users will be able to run the portfolio simulation from within the interface. 
If the portfolio has already been simulated, then its time series of results can be downloaded 
from the shared storage facility (Data lake). 

The time series or metric performance will be comparable between portfolios in the ‘map’ page 
(e.g., reservoir storage levels for different portfolios under different scenarios can be plotted on 
a single plot). Geographical zones (e.g. WRZs) may also be shaded based on user-selected 
summary performance metrics for one portfolio and scenario at a time. 
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5. Stakeholder engagement and training 

The use of WRE-I will allow stakeholders to interact with all parts of the DMU framework 
(simulation, trade-off analysis, portfolio visualisation etc..).  A training and engagement program 
is proposed to ensure stakeholders from interested organisations (e.g. personnel from water 
companies, regulators, etc..) are familiar with the WRE approach, process and toolset. The 
program is expected to cover the use of the WRE-I and trade-off analysis using WRE-I.  

The first year of the WRE phase 1 process is expected to emphasise model build, iterative MCS 
formulations and WRE-I development. The training programme will begin when stakeholders are 
expected to begin actively using WRE-I in August 2021. 
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Framing the Problem 
There is an increasingly clear need for water and nature to be holistically managed together. 

Many of the objectives identified in the 25 Year Environment Plan either speak directly to the 

central role of water or are closely linked. A strengthened connection between the management 

of water and the environment has the potential to yield significant benefits for both sectors; 

healthier ecosystems store more water, remove more pollutants and are less vulnerable to 

droughts or climate change. This increased resilience not only improves water quantity and 

quality but also allows water managers more flexibility in their actions, improving their ability to 

adapt to changing circumstances.  

 

Meeting our future water needs: a national framework for water resources 

A core purpose of WRE is the development of a regional water use management plan. This is 

guided by a policy paper produced by The Environment Agency in March 202084. This contains 

clear guidance on how the region plans must consider the environment: 

1) A regional plan much provide a preferred adaptive solution 

The plans must deliver an adaptive program of investments and initiatives. These should 

improve the environment and deliver carbon reductions. It is also clear that “The 

government’s 25 Year Environment Plan strongly supports the natural capital approach” 

and that “Regional groups should look to use this approach in their decision making”. 

2) A regional plan must include enhanced environmental improvements  

Regional groups and water companies need to manage their relationship with the 

environment in the long term. As a core component of this, regional groups must work 

together to establish “a shared long-term destination on environmental ambition”. This 

ambition should halt deterioration, improve environmental resilience and prepare the 

region for the impact of climate change by “setting out actions they will take”. 

3) A regional plan must connect to action at the catchment level 

Regional groups must engage with local partners to connect their regional plan to action 

at the catchment level. This should be action oriented and use innovative solutions to 

address concerns about water availability and the environment.  

4) A regional plan must consider wider resilience benefits 

The plan must identify how it will support landscape resilience to a wide range of 

pressures including flooding, drought, weather extremes and pollution. The most effective 

way to increase the resilience of a region is through improving natural capital. 

5) A regional plan should engage widely with interested groups 

“Regional groups should engage widely, with early engagement and discussion across 

relevant other sectors as well as other interested groups. For, environmental non-

governmental organisations, environmental charities and catchment groups.” 

 

 
84 Meeting our future water needs: a national framework for water resources (Environment 
Agency, March 2020) 
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Long term destination for sustainable abstraction and environmental 

resilience: guiding principles for regional groups 

1) Vision and ambition  

Environment Agency guidance85 for this plan recognises that “Regional plans are at the heart of 

enabling a step change in environmental protection; with a once-in-a-generation opportunity to 

deliver truly ambitious environmental outcomes whilst improving the resilience of water supplies.”. 

Achieving this step change will require a holistic approach which considers a wide range of natural 

capital as “regional groups need to reflect the ambitious nature of the 25 YEP and its objectives in 

setting the environmental ambition for environmental sustainability and resilience”.  

2) Making Trade-off decisions and identifying priorities for environmental improvements 

The long-term destination must “identify specific actions required to protect or improve the 

environment”. As there are limited resources, this inherently requires WRE to “prioritise 

environmental improvements required to move toward that destination for your region”. Identifying 

these priorities at a landscape scale will require a systematic approach which can “explore the 

costs and benefits of alternative approaches”.  

3) Cross sector collaboration  

This must be achieved collaboratively, as the plans must “reflect a consensus stakeholder view on 

the level of environmental ambition, priorities for action and the pace of change”. To achieve this, 

the WRE team will need to “meaningfully engage with members, eNGOs, local environmental 

groups and regulators”. This engagement must translate into stakeholder ownership of the plans 

if they are establish the social capital needed for the long term success of “a shared view on the 

destination”. The approach chosen must therefore have a “clear and transparent” process which 

meaningfully incorporates stakeholder input through a “full and open discussion” to make trade-

off decisions across the WRE region.  

4) Vertical connections between regional and local plans 

There must be clear vertical connections between regional and local planning as there is a need 

to “embrace the catchment approach and work with natural processes to develop new options 

and change the way water is managed, delivering net gain to the environment”. This vertical 

connectivity is essential if the plans are to empower local projects to provide “support for additional 

local nature recovery” and achieve “greater protection for local priorities”. Addressing this issue 

will also open the door to a wide range of additional funds including ELM and private sector 

investment into natural capital.  

5) Taking a holistic approach to natural capital to increase environmental resilience  

The guidance highlights the need to “support nature recovery and build resilience in the 

environment”. An environmental system becomes resilient when it is “better, bigger, more and 

joined”86, in other words resilience is a property which emerges when nature is supported and 

restored across a landscape. There is therefore a need for an approach which can take a holistic, 

connected approach to planning for environmental improvements.  

 

 

 
85 Long term destination for sustainable abstraction and environmental resilience: guiding principles for regional groups, The 

Environment Agency, Final Draft, 2020 
86 Defining and delivering resilient ecological networks: nature conservation in England, Journal of Applied Ecology, Isaacs et al, 

(2018) 
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Existing Approaches in the UK 

Whilst the 25YEP identifies a need for natural capital planning, it is not specific as to how this 

should be achieved. An investigative review87 commissioned by WWF - UK examined 54 regional 

and national spatial initiatives supported by interviews with key stakeholders in East Anglia. This 

review found that there was a strong appetite among stakeholders for a collaboratively developed 

landscape level vision for natural capital. Whilst there had been a wide range of projects both 

regionally and nationally, there were issues with the methods used in previous spatial initiatives; 

1) Existing approaches are not holistic – There are many plans for individual elements of 

natural capital, such as plans for specific species or habitats such as bees or fenland. 

Whilst these can be useful, the lack of coordination between them means that no synergies 

can be identified, and in some cases, they may act against each other, for example, 

planting trees to prevent floods may negatively impact critical habitat for wildflowers, bees 

and other invertebrates. As a result, landscape level management will be most effective if 

it is conducted holistically.  

 

2) Most existing approaches are not inclusive – With the notable exception of the catchment-

based approaches pioneered by The Rivers Trust, stakeholders felt that previous spatial 

initiatives have not been inclusive. Evidence from international best practice has 

repeatedly found that an inclusive process is critical to developing the social capital needed 

for effective implementation8889. Despite this, most approaches in the UK are expert driven 

or use complex models which are inaccessible to stakeholders, preventing them from 

having ownership over both the planning process and the plans.  

 

3) Existing approaches are not systematic – Previous spatial initiatives have used data 

visualisation to identify where areas of opportunity occur and overlap, or alternatively have 

used subjective expert driven approaches such as multicriteria analysis. None consider all 

aspects of natural capital or social considerations and none are able to optimise actions 

against implementation costs at the landscape scale. As a result, they are ineffective at 

making systematic, evidence-based trade-off decisions.  

What is Systematic Conservation Planning? 

Systematic conservation planning is the leading international approach for identifying priority areas 

for natural capital action. This approach uses a prioritisation analysis which optimises desired 

outcomes against implementation costs in order to identify the most effective and cost-efficient 

strategy. This analytical grounding is combined with a well-developed social process designed to 

allow stakeholders to have ownership over the plans, thus establishing the social capital needed 

for long term implementation.  

Analytical strengths 

The analytical approaches are based upon decades of research; upwards of 20,000 scientific 

papers have been produced on the topic and a suite of custom software packages have been 

developed. The prioritisation analysis takes a holistic approach which identifies synergies across 

multiple targets optimised against predicted costs to identify the most effective, cost efficient 

strategies. The analysis is very flexible and a broad range of data can be used, allowing the plans 

to build on existing scientific resources such as models, opportunity maps or risk assessments. 

This flexibility also allows the analysis to consider not only ecological data but also social and 

 
87 An investigative review of spatial planning in the Cam & Ely Ouse and Broadland Rivers catchment areas, WWF – UK, Sinclair, (2019) 
88Approaches to landscape- and seascape-scale conservation planning: convergence, contrasts and challenges, Oryx, 

Pressey&Bottril,(2009) 
89Evaluating Perceived Benefits of Ecoregional Assessments, Conservation Biology, Bottril et al, (2012). 
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economic considerations, meaning that stakeholder input can directly affect the analysis itself, 

both improving the plan and increasing stakeholder ownership.  

Social strengths 

The key lesson from decades of practice is to empower the stakeholders who will be using the plan 

to play a leading role in its development90. This is achieved by having clearly defined stages where 

stakeholders can communally discuss and agree on the objectives, targets and data as well as 

reviewing and refining the final plan. Stakeholder input can be translated into spatial data and 

incorporated directly into the analysis, demonstrating that this feedback has a tangible effect on 

the outcomes. This approach can also be used to compile and include a database of natural capital 

projects, ensuring that the plan is respectful of existing efforts and identifies priorities that are 

complimentary.  

Procedural strengths 

Encouraging stakeholders engage with a planning process can be challenging, there are many 

factors to consider and it can be hard to envisage what the outcomes will be. The SCP process 

used today is quite different to its original form as it has been refined over years of practice to 

empower stakeholders. This is achieved by having logical stages where it is not only clear what is 

required of stakeholders, but it is also transparent how their input will shape the plan itself.  

Management strengths 

SCP has been designed to improve the management of nature across multiuser landscapes.  It 

achieves this by empowering stakeholders to move beyond data visualisation to decision making. 

This provides a shared vision for the region, facilitating coordinated action by a range of 

stakeholders. In addition, SCP is effective at drawing vertical connections between different 

levels of management; The regional plan identifies priority areas for action which are small 

enough to highlight importance, but large enough to empower stakeholders to develop local, 

implementation focused natural capital plans.  

The Main Applications of Systematic Conservation Planning for Water 

Resources East 

Both the guidance from policy and the underlying science is clear, the regional water 

management plan developed by WRE must strengthen the relationship between water use and 

the environment. This must be achieved through a collaborative process which connects local 

catchments to the regional context in order to improve environmental resilience at the landscape 

level. The plan must identify a suite of actions and initiatives that regional partners can support 

or undertake as appropriate. Finally, there is a clear need for nimble, adaptive tools which can 

support decision making in an uncertain future. Systematic conservation planning can be used to 

support WRE and other regional groups achieve these objectives through the following ways:  

Application one: Incorporating natural capital into the regional level plan 

Systematic conservation planning can be used to develop a plan for the natural capital aspects 

of the WRE project. The structured decision-making process provides stakeholders with a forum 

for making informed, equitable trade-off decisions about the future of water and natural capital 

in the region. The prioritisation analysis will support this dialogue and help ensure that WRE 

guided actions cost effectively improve natural capital, leading to a range of benefits including 

the recovery of freshwater habits, improved drought resilience and enhanced climate change 

adaptation. These positive outcomes can be reported in terms that speak directly to policy 

objectives, making the national significance of these actions clear and potentially unlocking 

further funding sources. In parallel, the inclusive dialogue will provide a clear entry point for 

environmental groups and organisations interested in participating in the process. This will 

 
90The use, and usefulness, of spatial conservation prioritizations, Conservation Letters, Sinclair et al, (2018). 
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ensure that the water use management plan developed by WRE not only cost effectively delivers 

key natural capital benefits but does so with the support of the environmental sector.  

Application two: Developing catchment level plans 

The regional plan will be most effective if supported by catchment plans in areas of key 

importance. Local stakeholders can be empowered to lead SCP processes which allow them to 

apply their knowledge of the area to develop practical strategies for delivering natural capital 

services. These plans act to translate the regional strategy into practical local action. This 

connection not only strengthens and connects initiatives across the landscape but will also be 

critical in ensuring that catchment plans are scientifically robust, as well as speaking directly to 

both policy and the needs of the private sector. This combination of local pragmatism and 

informed strategic vision can be used to develop business cases for further investment into 

natural capital.  

Application three: Blending equitable social process with scientific rigour to reach decisions 

The Environment Agency highlighted the importance of co-design in their policy document. There 

is substantial evidence that when experts develop plans in isolation, they infrequently translate 

to meaningful change91. The practice of SCP has led to a well-developed procedure which uses 

scientific evidence to support a communally driven decision-making process. This allows 

stakeholders to have ownership over the planning process, leading them to value the outputs 

and enact the plans. This will be particularly useful in recognising the extensive ongoing efforts of 

the diverse community of environmental groups, and providing them a clear opportunity to 

contribute to the process. Whilst SCP often uses a prioritisation analysis to guide decisions about 

natural capital management, the approach can be readily adapted to include other types of 

evidence or information. This collaborative process could therefore be expanded to consider 

other topics of interest to WRE such as extraction regimes, reservoir design or the needs of 

industry.  

Where equitable plans have been developed in other countries, the social capital and mutual 

interest has led to a range of unexpected benefits92. Given the current interest in public goods, 

resilient supply chains and natural capital investment, WRE is in a unique position to use this 

wide appeal to leverage further funding and support.  

Application four: Guiding strategic decisions as they evolve 

Once the prioritisation analysis for the regional WRE plan has been developed, it can be rapidly 

applied to address a range of different questions or to incorporate novel data. This allows the 

model to be adapted to guide a range of other decision-making processes.  

Direct payments and environmental land management schemes 

The prioritisation analysis can be used to inform the allocation of direct payments to farmers for 

natural capital action and the delivery of public goods, for example through Environmental Land 

Management Schemes (ELMS). To achieve this, WRE can work with service purchasers (such as 

Defra and water companies) to identify targets for natural capital services and specify a budget. 

The prioritisation analysis can then be used to identify how this budget should be allocated in 

order to most effectively deliver the desired targets. This prioritisation can then be used to 

communicate with service providers, solicit offers and procure a portfolio of natural capital 

actions. This process can be repeated iteratively over multiple rounds, with agreed contracts 

being incorporated into the model at each stage so that priorities are updated. This will allow 

service purchasers to make optimal, economically informed decisions at each step in the 

process, leading to a portfolio of natural capital actions which deliver the desired targets at an 

equitable yet efficient price.  

 
91 The use and usefulness of spatial prioritisation (Sinclair et al, 2018) 
92 Practical actions for applied systematic conservation planning, (Botts et al, 2019) 
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 Reservoir development  

Eastern England will need new reservoirs in order to meet society’s needs in the long term. 

Reservoirs can have significant impacts on the surrounding environment. If designed 

appropriately they can play a key role in improving natural capital, landscape resilience and 

climate change adaptation. The prioritisation analysis can be used to understand the 

consequences of different siting options, both positive and negative. In addition, the model can 

be used to develop cost effective strategies for the mitigation of any impacts caused by reservoir 

development. This information can then be used to rapidly assess the cost and benefits of 

different options, providing an informative and responsive decision support tool.  

Delivering biodiversity net gain 

With the upcoming Environment Bill, biodiversity net gain is rapidly becoming a key consideration 

of developments of all kinds. The priorities identified by regional and local plans can be used to 

minimise the impacts of new developments as well as providing guidance for biodiversity offsets. 

In addition, prioritisation analysis can be used to identify potential receiving sites for specific 

offsetting requirements on an ad-hoc basis.  
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The Systematic Conservation Planning Process 

Stage 1: Define the planning region and delimit the planning area 
The first step is defining the planning region, which will be the WRE region boundary for the regional 

prioritisation. We will then divide the planning region into planning units, which will be defined based on the 

data resolution and scale of likely management actions. For example, the natural boundaries of watersheds 

(quasi-closed systems) and their hierarchical organization form an appropriate structure for process-oriented 

environmental impact analysis at the landscape scale. Administrative units should be used when the project’s 

objective is to give recommendations for land use and land management to planning authorities (Steinhardt 

and Volk, 2002).  

Stage 2: Identify and engage stakeholders 
Biodiversify will work with the core project team to identify stakeholders who may be interested in engaging 

with the planning process. This will be as inclusive as possible and the team will actively seek out potentially 

affected groups. As WRE has already been very effective at engaging stakeholders, we will use their existing 

network to rapidly populate a database of potential contacts. We will then support WRE in engaging 

stakeholders. This will include social research, targeted conversations and webinars.   

Stage 3: Determine objectives for natural capital actions 
It is critical to clearly define the objectives of the plan in order to develop a shared vision at an early stage. 

This will be achieved through a participatory process in order to maximise stakeholder ownership of the plan. 

Once the stakeholders have been convened, we will hold a meeting, either in person or online, to introduce 

them to the planning process. We will then solicit input on planning objectives, both at the meeting and 

through a supporting social research campaign. Wherever possible we will seek to incorporate previously 

published objectives, such as the ambition to double nature pioneered by the Cambridgeshire Local Nature 

Partnership and the natural capital aspects of the Climate Change and Environment Strategy recently 

released by Cambridgeshire County Council. We will also ensure we explicitly consider the interests of 

organisations with the potential to invest in natural capital services, such as developers, water companies or 

food retailers. Above all however this process must reflect the wishes of local communities in order to develop 

the desired social support. The final outcome of this stage will be a short document which explicitly states the 

planning objectives and illustrates how stakeholder input has shaped the process.  
 Stage 4 & 5: Collection and analysis of data across landscape (ecological and socio-economic) 
In this stage we will collate the data needed for the prioritisation. This will be led by the development of a 

Data Management Plan. This will describe the types of documents and data  

which will be prepared through the project and the process for managing these. Such a plan is important for 

considering and developing a strategy for issues such as data storage and long-term preservation, handling of 

sensitive data, data retention and sharing. It will anticipate legal, ethical and commercial exceptions to 

releasing data; deciding who can and needs to have access to data in the short and long term. The key 

determinant of the data needs will be the objectives agreed in the previous stage. We will collaborate with the 

OxCam Arc natural capital planning team as they have invested considerable resources into identifying and 

obtaining data for the region. Once data are identified, they will undergo rigorous assessment for inclusion in 

the project to ensure they meet the required standard. We will prioritise the use of publicly available national 

level data, however we will work closely with the WRE network to obtain local data where-ever possible.  

 Stage 6 & 7: Set quantitative targets and assess current contribution of existing natural capital assets and 

projects 

Targets are intrinsically related to objectives in SCP, they are quantified total benefits that need to be 

achieved for the planning region. Most commonly targets are based on simple rules of thumb (fixed number 

of hectares, or species, or amount of services) but can be based on available resources or legislative 

requirements. In this context, targets will be defined as a desired degree of biodiversity and environmental 

gain. As there are multiple types of gain to be made, separate targets will be needed for each conservation 

feature. Target setting will be incorporated into the wider WRE planning process and so will be a collaborative 

social process supported by evidence. This will therefore include a number of considerations: 
1. Targets can be dictated by policy. For example, in the UK’s 25-year environmental plan, Goal 2, target 

2: Reducing the damaging abstraction of water from rivers and groundwater, ensuring that by 2021 

the proportion of water bodies with enough water to support environmental standards increases from 

82% to 90% for surface water bodies and from 72% to 77% for groundwater bodies.  
2. Targets may be set by environmental outcomes. For example, achieving a desired level of pollutants 

or a minimum water level in water courses.  
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3. Targets can be determined by desired outcomes for flagship species. For example, if larger 

populations of otters are desired, then the appropriate enabling conditions can be calculated, and 

then used to set targets for achieving those.  

4. Targets must be set through a social process. This will facilitate constructive discussions about trade-

offs across the region.  

The key output of this stage will be a public facing document which lists and explains the communally 

determined targets.  

At this stage we will also collate existing natural capital projects, both planned and current. This ensures that 

the plan recognises the great work already underway and develops a strategy which builds upon this 

foundation. This provides twin benefits of properly recognising the efforts of stakeholders, critical to the social 

process, and allowing the plan to identify and fill gaps.  

Stage 8: Spatial conservation prioritisation exercise 
In this stage we run the prioritisation. This will identify where actions should be prioritised in order to most 

effectively achieve the communally agreed targets. This technical process will require internal review with the 

WRE team in order to identify and resolve any issues. Once we have a satisfactory result, we will share this 

with the wider community, 

Stage 9: Feedback, review and update 

Once a first draft of the prioritisation has been produced this will be used to inform a highly collaborative 

feedback process. Stakeholder input regarding the prioritisation will be obtained through the wider WRE 

process. This will include multiple types of input including local knowledge, perceptions of accuracy and 

suitability, and compromises over trade-offs. These inputs will be incorporated into the analysis as data layers 

and the prioritisation will be recalculated. This process may be iterative and may require side discussions or 

debates to reach acceptable compromises. Critically, there will be extensive documentation of stakeholder 

input. This will demonstrate that the process is transparent and accountable and provide a record for future 

use.   
Stage 10: Finalise 

Once a final version of the prioritisation has been agreed upon, it will be translated into a clear plan. This plan 

will provide a clear, concise description of the objectives and how they may be best achieved across Easter 

England, illustrated by a set of maps. These will be hosted online in a range of mediums in order to effectively 

inform implementation and further information about the process and stakeholder feedback will be made 

available. The prioritisation may also be rerun to address specific questions, for example where ELM schemes 

are used or during reservoir development. Critically, this plan will be used to directly inform the WRMP, as well 

as supporting a wide range of other decision-making processes. 

 


