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Key findings and recommendations 
WRSE has set out a proposed approach to investment modelling.  This five step approach consists of: 

1. Defining a set of scenarios.

2. Completing an EBSD approach to eliminate options.

3. Apply adaptive planning techniques to determine branch points.

4. Combine scenarios using an integrated risk approach.

5. Use real options to determine the best value adaptive plan.

The scope of work, set out in the Invitation to Tender (ITT), sets out a primary question and several 
secondary questions.   

We have developed a Proof of Concept (PoC) model and we have also had interviews with WRSE 
companies, regulators and other relevant organisations and reviewed over 50 research papers to determine 
if the proposed approach will work (answering the primary question).  We have also answered the secondary 
questions and identified gaps in the evidence (relating to guidance) which need to be addressed before a 
new investment model can be completed. 

We have proposed a system architecture, which also considers the concurrent work by Atkins, Mott 
McDonald and Ricardo and we set out a phased programme for model delivery which aims to meet the key 
WRSE deadlines but allows adaptation as guidance is developed. 

Answers to each of the primary and secondary questions are set out below: 

Primary Question – Does the proposed approach work? 
The evidence from the REA and PoC suggests that overall, the proposed approach is feasible.  DecisionLab 
have developed a model which uses Phase 5 data from WRSE’s WRMP19 programme.  The PoC model 
meets the overall objectives of the 5 step process, and provides results in eight hours on a high specification 
laptop (an acceptable period of time).  The model is written in Python and uses a commercial optimisation 
solver.    

Secondary Questions 

Assess if the PoC model represents an optimal solution for tackling the complex 
planning problem 

In developing the PoC model decisionLab reviewed various different approaches.  The approach adopted 
was found to be optimal of those approaches considered.  Separately we reviewed published papers on 
optimisation techniques and we could not identify a better way of tackling this complex problem than the 
proposed approach.   

Are there Improvements to the approach? 

Having said that the PoC model works, and that it represents an optimal approach, there are topics within 
the overall five step approach which need to be clarified.  In particular the REA has identified two gaps in the 
evidence on some aspects of the investment modelling.  They are: 
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 Firstly, that there is a lack of guidance in the UK water resources sector on how to develop a Best Value 
Adaptive Plan (step 5) and specifically the role of an investment model in this step;  

 Secondly, that leakage and demand management policies now play an important part of development of 
Water Resource Management Plans and there is no guidance on how to incorporate such policies in 
investment models.  

Regulators and water companies are working on developing guidance on both of these topics but that 
guidance is not yet agreed.  Clarification is needed on both points before an investment model can be 
completed, and such guidance is likely to come later in the planning cycle.   We reviewed published research 
on both these aspects and considered how other sectors (outside the UK water resources sector) have 
addressed these types of issues.  We suggest potential approaches in this report.  These gaps in guidance 
should not hold up the development of a new investment model, but they do mean that the new model 
should be developed in a staged approach and with flexibility, so that as guidance is developed the model 
can be updated. 

We also propose a final step which is to test the Best Value Adaptive Plan in the Regional System 
Simulation Model to ensure that it meets the regional needs. 

What are the outline visualisation methods that could be used? 

We have gathered evidence from a range of stakeholders and it is clear that schematics would be helpful to 
visualise both the baseline position and the Best Value Adaptive Plan.   

We propose that baseline schematics should be developed, based on the initial input data, and consistent 
with the Regional System Simulation Model, to help water resources planners ensure that the baseline data 
provided in the model are correct.  This data should include initial supply demand balances, transfers and 
options. 

Figure ES.1 shows an example baseline schematic. 
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Figure ES.1: Basic baseline schematic 

Outputs from the model should build on these schematics, and show, in five year steps, the changes to the 
system, including new options, abandoned sources, levels of leakage and Per Capita Consumption (PCC). 

Schematics would be prepared for the Best Value Adaptive Plan for publication in documents and on the 
WRSE website, but each of the branches in the Best Value Adaptive Plan could also be “clicked on” and 
represented in a schematic to help water resource planners and stakeholders understand the alternative 
pathways.  Leakage levels and PCC information for each five year step for each WRZ would be presented 
as a summary table. 

In addition there was recognition that the outputs from the investment model needed to be able to be 
consistent with the Water Resources Planning Tables (which are currently being reviewed by the 
Environment Agency). 

What is the proposed model architecture? 

The proposed model architecture is summarised in Figure ES.2. 
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Figure ES.2: High level system architecture 

What is a scope of work and programme for the model development? 

We propose a five phase approach, with Phase 1 being the development of an initial model by March 2020 
(dependent on procurement).  This model would allow WRSE to undertake initial model runs (Phase 2).  
Phase 3 would include improvements and updates to the model, including the development of visualisation 
tools, incorporation of metrics to develop a Best Value Adaptive Plan and integration with the other models 
and systems.  Phase 4 would be the testing and use of the model for draft regional plans and to meet the 
needs of Gate 1 and Phase 5 would include any further development or model runs to link the WRSE 
modelling outputs with those of other regions. 
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Acronyms 
Acronym Description 
AMP Asset Management Plan 

CCW Consumer Council for Water 

EF Extensive Form 

EBSD Economics of Balancing Supply and Demand 

fWRPG Final Water Resource Planning Guideline 

ITT Invitation to Tender 

JWEG Joint Water Evidence Group 

MCDM Multi-Criteria Decision Making 

MGA Modelling to Generate Alternatives 

MILP Mixed Integer Linear Programming 

NIC National Infrastructure Commission 

Ofwat Office of Water Services 

PCC Per Capita Consumption 

PDF Probability Distribution Function 

PMF Probability Mass Function 

PoC Proof of Concept 

PH Progressive Hedging 

REA Rapid Evidence Assessment 

SDB Supply Demand Balance 

UKWIR United Kingdom Water Industry Research 

WRMP Water Resources Management Plan 

WRSE Water Resources in the South East 
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1. Introduction to the project and this report 
1.1. Background to the project 
Water Resources in the South East (WRSE) wishes to develop a new set of tools to help identify a resilient 
Water Resources Management Plan (WRMP).  The tools include a new simulation model and a new 
investment model.  The current investment model was developed by Halcrow (now Jacobs) but does not 
meet the future needs of WRSE. Atkins has separately been commissioned to undertake a review and 
produce recommendations for suitable approaches to developing a new Regional System Simulation Model.  
HR Wallingford and decisionLab were awarded a contract to review and make recommendations for a new 
investment model.  This report sets out our findings on the investment model. 

The investment model review consists of two interconnected elements, which have been undertaken in 
parallel as outlined in Figure 1.1.  The first is a collection of evidence to inform the recommendations for the 
new investment model – we have used the Rapid Evidence Assessment (REA) Framework developed for 
Defra for this element.  The second is the development of a Proof of Concept (PoC) model to determine the 
feasibility of incorporating real options and adaptive pathways in an investment model. 
 

 
Figure 1.1: Overall approach 

 

The report is structured to answer all the requirements of the Invitation to Tender (ITT).  These are 
summarised in Table 1.1. 
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Table 1.1: Requirements in the ITT 

Summary of Requirements 
Apprise whether the PoC model outlined in the ITT would work 

Assess if the PoC model represents and optimal solution for tackling the complex planning problem 

Consider the need for companies to exit the process based on their problem characterisation 

Suggest alternative approaches and improvements 

Review alternative modelling platforms that could be used to hold data from companies and run the model 

Outline the visualisation methods that could be used to summarise the results and allow users to 
understand the results 

Recommend the model architecture and optimisation tool that should be used 

Produce a scope of work for the development of the investment model and an outline programme of work 

Present the findings in a half day workshop 

Source:  Scoping Technical Methods PR24 Investment Model ITT 

1.2. Overall approach 
Given the tight programme for completing the work, the two interconnecting elements have been undertaken 
concurrently.    

The REA was led by HR Wallingford, with the decisionLab team attending several of the interviews.  The 
PoC model was developed by decisionLab, with input from the HR Wallingford team.  The overall 
conclusions were jointly developed by both companies. 

The REA has followed the guidance as set out in the Joint Water Evidence Group (JWEG) (Collins et al, 
2015) as far as possible.  In particular: 

 A lead reviewer was appointed (Andy Ball, HR Wallingford). 

 There was a meeting with Meyrick Gough (WRSE) to discuss the scope of the project and agree the 
approach. 

 The key research question has been defined along with other secondary questions. 

 Evidence has been collected from water companies, regulators and third parties. 

 A search of UK and international approaches has been undertaken, including grey literature and 
published journals.   

 A PoC model has been developed, both informed by the REA and informing the REA. 

 The evidence has been saved and is provided in the Appendices.   

 The evidence has been reviewed by the project team and conclusions and recommendations have been 
made. 

 This report sets out how that evidence has been used to inform our recommendations.  

 There have been short updates to the project team during the project, via email and a teleconference 
and a meeting was held on the 3 October 2019 with key WRSE staff. 
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1.3. Structure of this report 
Section 2 sets out the more detailed information on the approach to the REA. 

Section 3 describes the evidence that was collected during the interviews and internet searches. 

Section 4 describes the PoC model. 

Section 5 sets out the evidence collected during the project. 

Section 6 sets out the findings to the primary question and the secondary questions, including areas which 
require further discussion with the WRSE teams. 

Section 7 sets out the proposed architecture of the new investment model. 

Section 8 sets out the scope and programme for the new model. 

Section 9 is a list of published papers reviewed during the project. 
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2. More detailed approach to REA 
2.1. Introduction to an REA 
Defra has undertaken and commissioned many reviews to inform policies or plans, and these have taken 
many forms, but in 2015 it commissioned a report by the JWEG to develop a framework for different types of 
reviews.  JWEG made several recommendations (Collins et al, 2015) and these recommendations have 
been used as the basis for many subsequent reviews for Defra.  The approaches are designed to be 
systematic and extensive to ensure that the research is comprehensive and unbiased. REA has formed the 
basis of the approach adopted for this review. 

The key steps of a REA are summarised in Table 2.1, with our comments also shown.  Steps 1 to 10 are 
presented in this report, with the production of the report being Step 11.   

Table 2.1: Key steps of a REA 

Step Comment 
Section of the 
report 

1. Determine the 
question and 
identify the 
appropriate 
Evidence Review 
(ER) method 

The key question is set out in the ITT.  Secondary questions 
and objectives are also set out in the ITT.   
HR Wallingford proposed an REA methodology and we 
have followed that methodology as closely as we can. 

Section 2 

2. Establish 
Steering Group and 
confirm method 

 Section 2 

3. Establish a 
Review Team 

 Section 2 

4. Hold an 
Inception Meeting 

There was a meeting with Meyrick Gough at 
HR Wallingford’s office on the 22 August 

Section 2 and 
Appendix C 

5. Develop a 
Protocol 

A protocol for collating the evidence was developed. 
A questionnaire was developed and used to gather the 
evidence for the review. 

Appendix A and 
Appendix B 

6. Search for the 
evidence 

In-depth interviews were conducted with all the WRSE 
companies plus Regulators (Environment Agency, Ofwat 
and Natural England), Atkins, Water Resources East, and 
CCW 
There were separate discussions with several individuals as 
a result of the interviews. 
We undertook internet searches of grey literature and 
published research papers. 
We reviewed UKWIR evidence and WRMP guidelines. 
In addition the PoC model was developed to test the 
approach set out in the ITT. 

Appendix D and 
Section 5. 
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Step Comment 
Section of the 
report 

7. Screen the 
search results 

The project team reviewed the evidence from the 
interviews, discussions and searches.  Where we had 
outstanding questions we addressed these questions back 
to the evidence providers. 

Section 5 

8. Extract evidence 
that relates to ER 
question 

We identified the key evidence which impacts on the 
research question. 

Section 5 

9. Critical appraisal 
of evidence 

We reviewed the evidence from the interviews, discussion 
and literature search and the outcomes of the PoC model.  
We discussed this internally within the project team.  We 
identified gaps or areas for additional research. 

Section 5 

10. Synthesise the 
results 

We have described the evidence and synthesised the 
findings to answer the primary and secondary questions.  
We have highlighted the implications of our findings on the 
wider WRSE project and team and made recommendations 
where further research is required. 

Section 5 
Section 6, Section 7 
and Section 8 

11. Communicate 
REA findings 

The findings of the REA are described in this report and will 
be disseminated at a workshop on the 10 October. 

Section 6 

12. Sign-off project This will be completed when the final report is submitted. N/A 

2.2. Step 1: Determine the questions 
The primary and secondary questions are set out in the ITT and are restated in the following sections: 

2.2.1. Primary question 

The ITT sets out a five step approach that the WRSE group would like to appraise:  

1. Defining a range of scenarios. 

2. Completing a simple EBSD approach to eliminating options which are never selected for any scenario 
(and so limiting the optimisation space to the remaining feasible selected options). 

3. Review the EBSD results from the scenarios and adaptive plan techniques to generate a range of supply 
demand balances in the future for each year/AMP of the planning horizon. 

4. Combine the scenarios using an integrated risk approach to generate a range of supply demand 
balances in the future for each year/AMP of the planning period. 

5. Use real options analysis to determine the Best Value Adaptive Plan from the feasible selected options 
for the range of options at suitable break points in order to determine the options to develop over the 
short, medium and long-term. 

The primary question which this review is required to answer is to determine “if the approach (set out above) 
would work and assess whether it represents an optimal solution for tackling the complex planning problem 
in the region appropriate to the results of the regional problem characterisation and in line with UKWIR 
guidance”. 
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2.2.2. Secondary questions 

There are a series of secondary questions or requirements, which we have extracted from the ITT.  These 
are summarised below: 

 Consider if companies can exit the process based on their problem characterisation. 

 Suggest alternative approaches and improvements. 

 What are the potential modelling platforms for the new model? 

 What are the visualisation methods which could be used to summarise the results? 

 What is recommended model architecture? 

 What is a scope of work for the model build phase of work? 

2.3. Step 2: Establish a steering group and confirm method 
WRSE has set up a steering group consisting of company representatives, a technical director (Meyrick 
Gough) and modelling expert (Anna Wallen).  Short fortnightly updates were provided to Meyrick and Anna.   

2.4. Step 3: Establish a review team 
Via a competitive tendering process the HR Wallingford/decisionLab team was established as the review 
team. 

2.5. Step 4: Hold an inception meeting 
Attempts were made to organise an inception meeting with all the members of the Project Steering Group 
(PSG), however there was not possible in the time.  All companies on the PSG were interviewed during the 
data collection phase and a separate meeting was held with Meyrick Gough.  Copies of the minutes of the 
meeting are provided in Appendix C.  The minutes provide supporting evidence for the review. 

2.6. Step 5: Develop a protocol 
A protocol was developed by the Project Team.  A copy is provided in Appendix A. The protocol was 
reviewed by the Project Team to ensure that it was comprehensive and met with the overall objectives of the 
project.  In summary the protocol considered: 

 Which organisations to contact for the project; 

 The questionnaire used to collect evidence from water companies, the EA and Ofwat; 

 How the web searches would be undertaken; 

 How the data would be reviewed; 

 Where the data would be stored and access to it; 

 The approach to developing the PoC model; 

 The proposed structure of the workshop. 
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3. Evidence collected 
This section sets out the evidence collected and how that has been in the development of our 
recommendations. We describe the companies and organisations contacted as part of the project. 

3.1. Step 6: Searching for evidence 

3.1.1. Water Companies 

A questionnaire was developed to enable the collection of evidence.  The questionnaire was reviewed by 
members of both the decisionLab and HR Wallingford team prior to it being used in subsequent interviews. 

The following interviews were held: 

Table 3.1: Summary of interviews with Water Companies’ 

Company Attendees Date/Venue 
Thames Water Chris Lambert1, Anna Wallen1, David Spiller1, 

James Adamson3, Andy Ball2 
15 August/Reading 

SES Water Alison Murphy1, Andy Ball2 19 August/Redhill 

Affinity Water Andrea Farcomeni1, Doug Hunt1, Andy Ball2, 
James Adamson3 

20 August/Hatfield 

Southern Water Nick Price1, Faisal Butt1, Andy Ball2 28 August/Worthing 

South East Water Andrew Halliday1, Lee Dance1, Andy Ball2 6 September/Snodland 

Portsmouth Water Liz Coulson1, Matt Stevenson1, Steve Morley1*, 
Andy Ball2 

10 September/ Phone Call 

1: Water Company representative, 2: HR Wallingford representative, 3; decisionLab representative 

* Not on the call but commented on the draft interview notes 

Interviews ranged from 2 to 4 hours in length.  During the interviews notes were made of the key points, and 
these were then sent back to the companies for review.  Companies responded by either updating the 
interview notes as tracked changes or providing separate comments in emails.  

3.1.2. Regulators 

The protocol had identified that Ofwat and the Environment Agency should be interviewed as part of the 
Evidence Search but, in addition, several water companies suggested that Natural England and the 
Consumer Council for Water (CCW) should also be contacted.   

There was an initial phone call with Jonathan Dennis and Stuart Sampson (both Environment Agency) and 
Magda Styles (Ofwat) to discuss the scope of the project and this was followed up with a meeting in London.  
The questionnaire was used as the basis for the meeting and a draft of the completed questionnaire was 
sent to both regulators.  Comments were received from Ofwat which have been incorporated into 
Appendix B.  There was no further response from the Environment Agency. 
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There was a separate phone call between Andy Ball and Louise Bardsley (Natural England) and a note of 
the call was compiled and sent to Louise (Appendix D).  There was an initial call with Karen Gibbs from CCW 
but due to leave, at the time of writing, there has not been a more detailed discussion. 

Table 3.2: Summary of interviews with Regulators 

Company Attendees Date/Venue 
Ofwat/ Environment 
Agency 

Magda Styles1, Stuart Sampson2, Tora Hallet2, 
Andy Ball3, James Adamson4 

12 August/London 

Natural England Louise Bardsley5, Andy Ball3 12 September/ Phone call 

CCW N/A N/A 

1: Ofwat representative, 2: Environment Agency representative, 3; HR Wallingford representative 4; decisionLab 
representative, 5; Natural England 

3.1.3. Atkins 

In the protocol it was identified that Atkins needed to be interviewed to discuss the work they had been 
undertaking on the simulation model review and make sure that the investment model work was consistent 
with this.  An initial phone call was held on the 20th August.  Those involved included Brian Arkell, Neil Upton, 
James Batchelor, Lauren Petch (all Atkins), and Chris Counsell and Andy Ball (both HR Wallingford). 

The discussion centred on the approach to managing data in the two models and the programme for 
development.   

Subsequent to the discussion Atkins provided details of the Hydra Platform and EBSD model they had 
developed for Southern Water.  The emails are provided in Appendix D. 

During the interview with Portsmouth Water there was a further recommendation that we discuss with Atkins 
any linkages between this review and work for WaterUK on drainage and wastewater management plans (‘A 
framework for the production of Drainage and Wastewater Management Plans’, May 20191.)  A second call 
was then held on the 18 September to discuss linkages.  We subsequently reviewed this framework for this 
REA. 

3.1.4. Water Resources East  

A phone call was held with Geoff Darch (Anglian Water’s representative on Water Resources East, WRE).  
The phone call focussed on the approach adopted by WRE and the lessons learnt.  Minutes of the call are 
provided in the Appendix F.   

3.1.5. UK water resources planning guidance 

The following water resources planning guidance documents were identified as particularly pertinent to this 
work: 

 WRMP 2019 Methods – Decision Making Process: Guidance (UKWIR, 2016). 

 Final Water Resource Planning Guideline (fWRPG) (Environment Agency, 2016). 

                                                      
1 https://www.water.org.uk/policy-topics/managing-sewage-and-drainage/drainage-and-wastewater-management-plans/ 

https://www.water.org.uk/policy-topics/managing-sewage-and-drainage/drainage-and-wastewater-management-plans/
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Reference is made to these reports in Section 5.  We also discussed possible updates to the fWRPG for 
WRMP24 with the Environment Agency and Ofwat. 

3.1.6. Peer reviewed literature 

Using the key terms listed in Table 3.3, a total of 46 peer reviewed papers were identified based on a review 
of titles and abstracts.  The references to these papers are provided in Section 9, and a summary of all 
literature considered is provided in Appendix G. 

Table 3.3: Key words used to identify peer reviewed literature 

Key word(s)* 
capital expenditure 
capital investment 
deep uncertainty 
economic optimisation 
industry application 
infrastructure planning 
Investment modelling 
investment planning 
investment under uncertainty 
many objective optimisation 
modelling investment 
multi criteria analysis 
multi objective decision making 
optimal scheduling 
optimal sequencing 

optimisation 
policy 
portfolio project scheduling 
price 
programme evaluation 
risk analysis 
risks 
robust decision making 
robust investments 
scenarios 
strategic planning 
time horizon 
trade off analysis 
water resources 
water resources planning 

* Key words are listed alphabetically, not in order of priority. 

3.2. Step 7: Screen the results 
Evidence from the meetings and interviews was all valuable and has been used to inform our assessment. 

The full list of peer reviewed papers was refined to a list which warranted a more detailed review following a 
review of the abstract, introduction, and conclusions.  The primary reason why some papers were not 
reviewed in detail was that the subject matter was not deemed sufficiently relevant to the question being 
answered.   

3.3. Step 8: Extract relevant evidence from literature review  
This sub-section sets out some of the key findings from the literature review. 

3.3.1. Overview of research related to UK water resources industry  

In a review of the overall WRMP process, Hall et al. (2012b) set out a number of principles regarding the 
future of a feasible planning methodology for the industry.  The first tenet presented states that the “depth of 
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analysis should be in proportion to the risks of water shortage and magnitude of proposed investment”.  As 
significant investment is being planned for the industry, the methodologies and approaches extracted as part 
of the literature review reflect a more detailed analytical approach.  Matalas (1997) presented a “wait and 
see” strategy, whereby large and irreversible water resource related capital expenditure should be delayed in 
the face of uncertain futures.  However, considering the current supply demand balance, government policy 
and significant financing set aside by Ofwat, it is our opinion that a further “wait and see” approach is 
warranted.  Another consideration in the development of an investment model should be the timing of the 
availability of funding, namely whether a staged capital expenditure may be applied to future investments in 
the water industry.  A staged approach to investment in the UK energy, rail, and flooding industry (Starita & 
Scaparra, 2016) could also be applied to any large water infrastructure investment, and this is the gated 
approach now proposed by Ofwat.   

Research has been undertaken in the UK questioning how the selection and identification process 
associated with preferred plans published in WRMPs could be improved.  Matrosov et al. (2013) compared 
traditional EBSD modelling with Real Options Analysis for the Thames Basin.  Both approaches identified 
different plans.  The EBSD framework enables water companies to defend investment decisions to Ofwat as 
they are based on least cost, however it is limited by the inability to represent option performance over a 
range of futures, thus the identified programme may not be as flexible or robust.  Huskova et al. (2016) 
screened water supply and demand management investments by considering 88 scenarios in the Thames 
basin.  However this work however did not recommend a schedule of investment.  The work did point out 
that it is also critical to understand the suitability of the model to answer the question being asked of it, 
therefore, in this context, it is also important that WRSE have a clearly defined question they are seeking an 
investment model to answer.  Inappropriate use of models can result in sub-optimal investment decisions 
(Wagenaar et al., 2016). 

3.3.2. Overview of research related to International water resources industry 

Academics working with the water industry beyond the UK have also been grappling with the challenges of 
planning and scheduling infrastructure projects.  The literature reviewed as part of this project focussed on 
data rich environments, such as Australia, where advanced investment modelling was feasible.  Portfolio 
selection, scheduling, and scenario selection were analysed in further detail. 

Beh et al. (2015) identified an optimal sequence for a portfolio of water supply options for Adelaide, Australia.  
The case study spanned a 40 year planning horizon with five decision points, and portfolios were developed 
for several scenarios consisting of variations in future population, climate change, and discount rate values, 
with optimisation parameters of cost, greenhouse gas emissions, and optimal augmentation sequences.  
Adaptability of the preferred portfolio was considered post-optimisation and informal approaches were 
adopted for the identification of the preferred plan by decision makers.  Areas for future research identified 
include inclusion of adaptability in the formal optimal sequencing process and use of formal approaches for 
the identification of appropriate scenarios and the selection of the optimal sequence.  The absence of 
optimal scheduling within a portfolio creates further challenges within the risk management of a project (Bock 
& Trück, 2011). 

Hughes et al. (2009) simulated the impact of scarcity pricing on investment policy in Australia, using a 
stochastic dynamic optimisation model of an urban water market to demonstrate how it could operate.  
Results highlighted scarcity pricing as a more efficient demand management tool than traditional options. 

Robinson et al (2019) proposed a framework to test vulnerable scenarios in ensemble water supply projects 
in the USA having identified that the development of a truly robust plan risks over-investment.  The 
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framework proposed addressed the challenge faced by activating options in an investment model using 
triggers, as the reliability of these triggers is dependent on whether the trigger threshold can be accurately 
linked to future vulnerabilities.  Whilst investment modelling itself was not undertaken, the suggested 
approach identifies the trade-off between being over-cautious in selecting options and not identifying system 
vulnerabilities in a timely manner.  This finding reiterates the need for a clearly defined question for an 
investment model to answer. 

3.3.3. Overview of research in other industries 

The water industry is not alone in trying to plan for an uncertain future.  Investment planning, policy, and 
modelling are key to many industries, such as energy, flooding, transport, and fire management (Sen et al., 
2006; Gross et al., 2010; Truong et al., 2018). 

The case has been made that delaying large capital expenditure in flood defences could be a sensible 
approach in situations of high future uncertainty (O’Connell et al., 2014).  However, investment planning is 
crucial for a wide variety of industries including transport protection, energy, rail, and flooding (Starita & 
Scaparra, 2016).  Protection funds must be planned to maintain networks, and as these resources are 
scarce, modelling must identify and protect the most critical elements of the network.  Sen et al. (2006) 
developed a bilevel fortification model of the Kent railway network to solve a dynamic network protection 
problem.  The model represented dynamic investments and results were used to identify optimal investment 
levels to provide an acceptable degree of protection.   

The time scale of investment modelling can also vary across industries.  For example, Sen et al. (2006) 
presented a multiscale stochastic programming model which selects the position of portfolios based on 
several scenarios to support decision makers in coordinating energy production decisions.  In this case a 
monthly time step was appropriate.  Fleiter et al. (2018) used annual time steps when modelling the 
decarbonisation of the German industrial energy transition to 2050 using the “FORECAST” model, as did 
Karlsson et al. (2008) when modelling the optimal investment path for renewable based Nordic energy 
systems using the linear optimisation model “Balmorel”. 

With many WRSE water companies using a planning horizon to 2100, longer time steps may be appropriate 
and necessary depending on the computation requirements of models deployed.  Kannan et al. (2009) also 
used five year time steps from 2000 to 2070 when modelling the UK energy system residential component 
using MARKAL, a least cost optimisation linear programming model.  This represents the trade-off between 
model complexity and model run times. 

Scheduling of investment remains a challenging modelling task.  Using several UK case studies in the 
energy industry, Moreno et al. (2015) developed a storage centric mixed integer linear programming (MILP) 
model to schedule the operating procedures of distributed storage.  The model co-optimises across a range 
of storage applications ensuring maximum profit, efficient control of reactive power, and robust scheduling.  
In modelling bushfire management options in Australia, Truong et al. (2018) developed a framework to select 
optimal investment in catastrophic risk reductions options under future uncertainty.  An interesting finding 
from this research was that in the case where only one project could be invested in, the optimal solution was 
to select the largest feasible options to ensure the greatest reduction in catastrophic risk.  However, when 
investment constraints were relaxed, it was typically best to select an option with low initial capital 
expenditure to protect investment flexibility and only select an option with high capital expenditure 
requirements when the impact was sufficiently large.  
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Communication of the results of such detailed models can be challenging.  Fleiter et al. (2018) represented 
the entire industry sector, producing highly detailed results which were challenging to analyse thoroughly and 
communicate clearly to stakeholders.  In interviews with regulators there was a concern that the WRMP2019 
plans for several water companies could have been improved. Representation of uncertainty in estimating 
the impact of not investing is also important, and should be used to inform investment decisions (Wagenaar 
et al., 2016). 

3.3.4. Multi-criteria analysis – review of approaches 

Gross et al. (2010) proposed that cost alone was not the sole basis on which investments should be decided 
upon in the energy industry, and that policy design has the potential to impact the level of risk associated 
with investment.  Similarly, Bhattacharya et al. (2012) identified that focussing on reducing the risk instead of 
the cost of electricity supply portfolios in Japan was of greater business benefit.  With multi-criteria analysis 
being applied by many water companies in WRMP2019, this research raises the question of whether or not 
the most appropriate criteria are being explored to ensure the maximum benefit of the region. 

Velasquez et al. (2013) carried out a thorough literature review of Multi-Criteria Decision Making (MCDM) 
and summarised which methods were most appropriate for particular situations.  A summary of the methods 
used within the water industry is provided in Table 3.4.  It is possible to combine multiple methods to ensure 
that known deficiencies are overcome.  Agreement on which method is deployed as part of any regional 
modelling would likely increase the engagement with the modelling process, and ensure that results are of 
maximum use both regionally and by individual water companies. 

Hajkowicz (2009) outlined the requirement for standardised metrics to evaluate the outcomes of investments 
in relation to natural resources programmes in Australia.   

Carazo et al. (2010) optimised against multiple objectives without prior knowledge of the decision makers’ 
preference, though no context is provided on the origin and method of quantification of these metrics.  
However, the model presented tackles both the selection of portfolios and their scheduling using a 
combinatorial nonlinear multi objective problem, with increasing complexity as the number of candidate 
projects and objectives becomes larger.  This approach raises the question of which metrics are of interest to 
water companies within WRSE, how should these be calculated, and should they be weighted differently for 
different water companies dependent on the specific challenges faced.  Di Francesco et al. (2014) 
highlighted that the term “flexible” is regularly an aspiration for water resources management, an exact 
definition and understanding of this term was lacking and proposed a method for incorporating flexibility into 
water management systems.  This research raises the question of common language, and whether or not all 
water companies within WRSE agree on the same definition of key terms. 
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Table 3.4: Summary of MCDM methods utilised by the water industry 
Method Advantages Disadvantages Areas of application 

Multi-Attribute Utility 
Theory (MAUT) 

Takes uncertainty into account; can 
incorporate preferences. 

Needs a lot of input; preferences need to be 
precise. 

Economics, finance, actuarial, water management, 
energy management, agriculture 

Simple Multi-Attribute 
Rating Technique 
(SMART) 

Simple; allows for any type of weight 
assignment technique; less effort by decision 
makers. 

Procedure may not be convenient considering 
the framework. 

Environmental, construction, transportation and 
logistics, military, manufacturing and assembly 
problems. 

Goal Programming (GP) Capable of handling large-scale problems; 
can produce infinite alternatives. 

It’s ability to weight coefficients; typically needs 
to be used in combination with other MCDM 
methods to weight coefficients. 

Production planning, scheduling, health care, portfolio 
selection, distribution systems, energy planning, water 
reservoir management, scheduling, wildlife 
management. 

ELECTRE Takes uncertainty and vagueness into 
account. 

Its process and outcome can be difficult to 
explain in layman’s terms; outranking causes the 
strengths and weaknesses of the alternatives to 
not be directly identified. 

Energy, economics, environmental, water 
management, and transportation problems. 

PROMETHEE Easy to use; does not require assumption 
that criteria are proportionate. 

Does not provide a clear method by which to 
assign weights. 

Environmental, hydrology, water management, 
business and finance, chemistry, logistics and 
transportation, manufacturing and assembly, energy, 
agriculture. 

Simple Additive 
Weighting (SAW) 

Ability to compensate among criteria; 
intuitive to decision makers; calculation is 
simple does not require complex computer 
programmes. 

Estimates revealed do not always reflect the real 
situation; result obtained may not be logical. 

Water management, business, and financial 
management. 

Technique for Order 
Preferences by Similarity 
to Ideal Solutions 
(TOPSIS) 

Has a simple process; easy to use and 
programme; the number of steps remains the 
same regardless of the number of attributes. 

Its use of Euclidean Distance does not consider 
the correlation of attributes; difficult to weight 
and keep consistency of judgment. 

Supply chain management and logistics, engineering, 
manufacturing systems, business and marketing, 
environmental, human resources, and water resources 
management. 

Source: Velasquez et al. (2013) 
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HR Wallingford’s findings of a review of decision making methods applied by UK water companies for 
WRMP2019 suggests more guidance is needed on decision-making approaches for developing a Best Value 
Plan.  Whilst identifying and providing an approach to quantify the metrics which could be used in developing 
a Best Value Plan is beyond the scope of this work, it is an area for further discussion and research within 
WRSE. Although this is currently a gap in the evidence, we understand that a new programme of work has 
commenced to address this gap. This programme would, once complete, feedback to later stages of the 
investment model development on what metrics may need to be calculated and potentially optimised against. 
However, with the envisaged number and complexity of potential solutions available, prior experience (e.g. 
by Thames Water) has shown that expert judgement (using visualisation but not decision tools) can be more 
transparent and easier to implement and justify than relying solely upon an investment model.   

The following section describes one approach to decision making (MCDA) which has been used by some 
water companies and is used in other sectors. 

3.3.5. Multi-criteria decision analysis (MCDA) 

Figure 3.1 shows some of the metrics which evidence shows might need to be incorporated in a Best Value 
Adaptive Plan. 

 

Figure 3.1: Multi-dimensional characteristics of water resource portfolios 

With such complex decision situations, decision makers risk relying on simplifying heuristics that cannot be 
guaranteed to reach the ‘right’ decision.  MCDA has been used in various sectors to formulate Best Value 
Plans and for that reason we describe the approach in more detail here. 

MCDA can support decision makers facing such situations to make better, more transparent and consistent 
decisions. They key benefits MCDA brings to decision making are outlined below: 

 Ensures all relevant factors (including intangibles) are considered. 

 A transparent link between performance, judgements and value. 

 Quantifies priorities and preferences. 

 Fosters a shared understanding of the decision problem and identifies areas of important disagreement.  

As such, MCDA is a sociotechnical process. It is designed around the social element of the decision, i.e. 
engaging stakeholders within the process, and the technical aspect of how the problem is solved, i.e. which 
method and tool are used. Regardless of the method used, broadly the same sequence of steps is used as 
summarised in Figure 3.2. 
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Figure 3.2: MCDA Framework 

Provided that the criteria used in the evaluation model satisfy the desired properties for an additive MCDA 
model, an additive model can be used. Such models are easy to construct in an investment model and 
communicate to stakeholders. A weighted average can then be used to aggregate the weights and the 
scores. That is, for each criterion, the weight on a criterion is multiplied to the score of a portfolio on that 
criterion. These weighted scores are then summed, to give us the overall utility of a portfolio.  

Formally, this is done via the following formula to estimate this overall value estimate (Belton and Stewart, 
2001; Roy, 2013):  

𝑈𝑈(𝑥𝑥) = ∑ 𝑤𝑤𝑖𝑖 × 𝑢𝑢𝑖𝑖(𝑥𝑥𝑖𝑖)𝑛𝑛
𝑖𝑖=1    (1) 

Where:  

 𝑈𝑈(𝑥𝑥) is the overall utility of an intervention 𝑥𝑥. 

 𝑤𝑤𝑖𝑖 is the weight attached to criterion. 

 𝑢𝑢𝑖𝑖 is the score for criterion. 

 𝑥𝑥𝑖𝑖 is the performance of portfolio 𝑥𝑥 against criterion. 

The aggregation of scores requires that the scores of the portfolios are translated onto a single scale. This is 
undertaken using scores and weights:  

 Scores are the relative value of changes within a criterion. For example, is an environmental score from 
2/10 to 3/10 valued the same as a score from 9/10 to 10/10? These are also referred to as partial values, 
which can be displayed in a value function.  

 Weights are the relative value of changes on different criteria, or the trade-offs between criteria. For 
example, how much of a positive environmental impact would be required to offset a cost increase of 
£1 million? 

There are various ways to elicit scores and weights. A method commonly used in the case of a small number 
of stakeholders is the swing weighting and the bisection method (Goodwin and Wright, 2009). This method is 
typically used in a workshop setting, where a facilitator would elicit preferences by comparing differences in 
performances. Throughout the process, the facilitator will perform consistency checks to ensure that the 
values provided by the stakeholders do in fact reflect what they mean.  Figure 3.3 represents the outputs 
from this type of approach. 
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Figure 3.3: Illustration MCDA for water resource portfolios 

As a final step, it is crucial to understand the robustness of preference ranking. Sensitivity analyses can be 
used to gain confidence in the ranking of preferred alternatives given that inputs, both value judgements and 
the performance estimates, are uncertain (Keeney & Raiffa, 1976).  

Sensitivity analysis in terms of the weight inputs can be done using one-way sensitivity analyses to identify 
the extent to which the weights need to be changed for the ranking of options to be altered.  

Probabilistic sensitivity analyses (PSA) can be done to account for the uncertainty in the performance inputs 
(the scores). A significantly large number of iterations (e.g. 10,000) are run of the model are run, each 
drawing randomly from the probability distribution of each performance input. The ranking of the portfolio is 
then estimated for each iteration, and the probability of each portfolio achieving a certain rank across the 
iterations is calculated. 

The PSA will provide an assessment of the probability that one portfolio is preferred to another given the 
uncertainty on the performance estimates (see Figure 3.4 for an illustration).  
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Figure 3.4: Rank probabilities 

MCDA has been widely applied in various contexts, including the evaluation of overseers trade services in 
1994-5 by the National Audit Office, and for the appraisal of sites as potential repositories for radioactive 
waste (Department for Communities and Local Government, 2009; National Audit Office, 1996). In the 
context of energy management problems, a review from 2015 has identified the use of MCDA and MCA in 
25 studies out of 31 studies identified (Mardani et al., 2017).  

In the context of water management, MCDAs have been implemented in various countries. In Cape Town an 
MCDA was implemented to support planners with the development and evaluation of options both for water 
supply augmentation and for water demand management. To do so, they used MCDA to identify high priority 
interventions as well as options that are probably not worth implementing in the short term. The framework 
enabled a shared understanding of the problem by the different interest groups, in addition, the use of multi-
attribute value functions were used to score the different supply and demand management options in 
workshop settings (Joubert et al., 2003).  

In South Africa, to align with the legislative requirements of the National Water Act (NWA) of 1998, an MCDA 
was used to develop policy responses and strategies for groundwater management at community and 
catchment scale. As a result of the study, strategies have been proposed for sustainable groundwater 
management in Namaqualand. The study demonstrated how the method can be used to support the 
decision-making process (Pietersen, 2006). 

For the planning of sustainable water infrastructure in Switzerland, Scholten et al. (2015) present a novel 
approach for dealing with uncertainty in preference elicitation and predictive modelling to support complex 
multi-criteria decisions based on multi-attribute utility theory (MAUT). Schuwirth et al., (2018) present an 
MCDA for integrated, prospective water management in Switzerland. To assess the future cost-effectiveness 
of water quality management alternatives, they use MCDA to structure the decision process and quantify 
preferences, an integrated water quality modelling to predict the consequences of management alternatives 
accounting for uncertainty and finally scenario planning to consider uncertainty from different possible 
climate and socio-economic developments. They showed the usefulness of applying MCDA in the context of 
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water quality assessment, typically characterised by multiple objectives, numerous alternatives and large 
uncertainties, as it enabled the propagation of uncertainties in the assessment, facilitated the aggregation of 
multiple objectives and the communication of results transparently.   

In their study comparing multi-criteria decision analysis and integrated assessment to support long-term 
water supply planning, Scholten et al. (2017) highlight that the MCDA-type models provide higher 
distinguishability and a more robust basis for discussion than the integrated assessment type models. 

4. Description of the PoC model 
This section sets out how a PoC model was developed in line with the original scope and subsequently 
evaluated. It also outlines alternative variations to the approach that were also developed. 

For the PoC the scope set out the five stages outlined below:  

1. Defining a range of scenarios. 

2. Completing a simple EBSD approach to eliminating options which are never selected for any scenario 
(and so limiting the optimisation space to the remaining feasible selected options). 

3. Review the EBSD results from the scenarios and adaptive plan techniques to generate a range of supply 
demand balances in the future for each year/AMP of the planning horizon. 

4. Combine the scenarios using an integrated risk approach to generate a range of supply demand 
balances in the future for each year/AMP of the planning period. 

5. Use real options analysis to determine the best value adaptive plan from the feasible selected options for 
the range of options at suitable break points in order to determine the options to develop over the short, 
medium and long-term. 

In order to solve this problem, a solution approach that was thought to most closely match the above 
approach was tested, before two other variations were also developed and tested. The first approach will be 
presented in the context of the above stages, before the other two variations are then presented. It should be 
noted that stages 1 and 4 have being combined here. This was for simplicity at this stage so that the same 
scenarios were used at both points, although this should have no real effect on the overall modelling 
approach.  As a test of real-life performance all the model runs were undertaken on a well specified laptop. 

4.1. Approach 1 

4.1.1. Determine scenarios / States of the World 

In order to construct the scenarios, an integrated risk model was developed. This takes in the following 
inputs to generate the different states: 

 The decision time periods. This includes how many there are and when they start and end. 

 The desired states for each period. 

 Probability density functions (PDFs) or probability mass functions (PMFs) of various uncertainties. This 
can include meteorological variations as well as uncertainties in inputs, such as climate change. 

For the PoC, the periods and states were chosen to follow the scenario tree presented in Figure 4.1. This 
has 3 periods: 2 periods lasting 10 years and a third period lasting 60 years. This is intended to represent the 
short, medium- and long-term timeframes. To keep the number of scenarios manageable, 3 states were 
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used for each period. The 3 states were generated from the supply-demand balance (SDB) PDFs by taking   
the 17th, 50th, and 83rd percentiles. This resulted in 27 scenarios (see Figure 4.1). The PDFs for the SDB 
by year are also generated by the integrated risk model. This works by running a simple Monte-Carlo 
simulation by taking samples from the various input PDFs. For this PoC, the input certainties and base data 
were taken from the WRMP2019 WRSE investment model work, where the uncertainties covered: leakage 
target; PCC target; climate change; outages; treatment work losses and operational use; drought; and 
sustainability reductions. These all used discrete probability distributions (PMFs), however an additional 
uncertainty was generated for the Distribution Input (DI) using a continuous triangular distribution. 
 

 

 

Figure 4.1: Representative scenario tree  
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4.1.2. Single state runs 

The idea behind the single state runs is to create a smaller sized subset of all the candidate options, called 
the feasible option set.  A new Python-based implementation of the base EBSD model was first constructed 
for this.  All 27 scenarios were then run using this least-cost EBSD model before options that were not 
selected in any of the 27 options were identified and flagged for exclusion in future model runs. It should be 
noted that dummy costs were used as deficit costs if demand could not be met, since real costs were not 
available. This applies for all model runs performed as part of this PoC. 

4.1.3. Programme appraisal and Adaptive Planning Approach 

While this step would comprise of both programme appraisal and adaptive planning, this PoC testing 
focused on adaptive planning. Mutual exclusivity between options, for example, was re-used from the 
WRMP2019 WRSE model given the testing was carried out on the same set of options. 

For the adaptive planning, the challenge was in trying to construct a decision tree for the problem, consisting 
of branch points that could later be solved recursively. In order to achieve this, an approach was tested 
where the programmes from the 27 single state runs were compared to identify the points at which they 
diverged. This could identify the key points where certain option investment decision would need to be made, 
for example.  This process was initially done manually to test feasibility, with the expectation of building it into 
an automated or semi-automated process if proven successful. 

Perhaps unsurprisingly, this approach did prove problematic. If we observe Figure 4.1, we can note that 
scenario 1 and 2, for example, are identical up to 2040 before they diverge in the third and final period. 
However, there was significant divergence of their programmes in the first period. For some options this 
divergence even began from the first year. This is not a surprising result when we consider that each of the 
individual single state runs assume perfect knowledge of the future, and can therefore bring option 
investments earlier in order to prepare for later. We therefore note than adaptive planning approaches must 
more explicitly enforce so called nonanticipativity, implying that we cannot anticipate the future. The other 
two approaches we implemented, which are discussed later, do exactly this. 

4.1.4. Real Options Appraisal to define a Least Cost Plan 

In approach 1 this step would have consisted of solving the decision tree produced by the previous step; 
however, as noted in the previous section, this did not prove feasible. We did still however construct real 
options and built this into the model. Out of just over 300 new supply schemes, 25 were selected for using 
real options. Each of these schemes were broken down into 2 or 3 phases. These phases were constructed 
purely for testing and most likely do not make sense in the context of the real world. Figure 4.2 provides an 
example of the phasing for a Southern Water catchment management scheme: “Nitrate Option – Wingham”. 
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Figure 4.2: Real options example 

 

These options are treated as dependent options where the planning in this example cannot be completed 
without the feasibility and there must be a gap of at least 2 years between the start of the feasibility and the 
start of planning. This was formulated as additional constraints within the model. Albeit that only a subset of 
the options was converted into phases, the additional options and constraints were not found to have a 
significant impact on runtime for the single state runs. 

4.2. Approach 2: Recursive dynamic programming 
Much of the work done in approach 1 was re-used for approach 2, specifically the scenario generation and 
real options. The key difference is the solution approach used for the adaptive planning. In this approach the 
problem was decomposed into the 3 periods and solved recursively. The final period, starting from 2040, 
was solved first. 

This involved solving a least cost optimisation over the last 40 years only for each state (high, medium, and 
low SDB). For each of those “solves”, the programme was fixed and re-optimised against the other 2 states. 
This allowed the utilization levels to adjust to the supply and demand without changing the programme. For 
example, we would solve for the high SDB, fix the programme, and then solve again for the medium and low 
SDB. This would give the expected cost for the high SDB. After a total of 9 solves, we had the expected cost 
for each of the 3 programmes. We could then pick the programme with the lowest cost and advance to the 
second period. 

Before the second period could be solved, constraints had to be added to ensure that the options selected in 
the third period still get selected on or before their original selection year. The model was built to 
automatically add these constraints. The second period was then solved for 50 years (the 10-year second 
period plus the 40-year third period). This process was repeated for the first period in an automated 
recursive fashion. Figure 4.3 demonstrates the full process. 
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Figure 4.3: Process for recursive model 

 

The resulting programme is then fixed for the first period and satisfies nonanticipativity. From the different 
sub-problems that get solved we could also see some of the different possible pathways that could be taken 
in the second and third period as part of an adaptive plan. 

This approach does make one key assumption, which is that SDB generally worsens over time. In other 
words, if the average SDB over all states in the second period is worse than the average SDB in the third 
period, then the approach falls down and the final solution could be sub-optimal. A further drawback of the 
approach is that programmes chosen in each period must match the optimal programme for one of the 
states, whereas in reality the optimal solution could be a different programme entirely. 

4.3. Approach 3: Stochastic programming with recourse  
As with approach 2, approach 3 differs in the adaptive planning solution approach. Here we aim to avoid the 
drawbacks of approach 2 that could lead to sub-optimality. Here stochastic programming approaches were 
used. Stochastic programming is simply a term used to describe mathematical programming models (such 
as mixed-integer programming (MIP) that is used in least-cost EBSD) where some of the problem data, 
featured either in the objective or in the constraints, may be considered uncertain and can be modelled as 
random variables with known distributions (Birge & Louveaux, 2011). Stochastic programming models can 
take several forms and we focus here on stochastic programmes with recourse. Recourse programmes are 
those in which some decisions or recourse actions can be taken after uncertainty is disclosed (Birge & 
Louveaux, 2011). 

In the context of the EBSD problem with a scenario tree such in Figure 4.1, we can consider there to be two 
types of recourse actions. The decisions on which options to invest in for the first stage (2020 to 2030) must 
be made before any uncertainty is realized. These are referred to as first stage decisions (“here-and-now” 
decisions). After realisation of the uncertainty in the first stage (discovering which of the high, medium, or low 
SDB states we are in), some recourse actions can be made. Firstly, the utilisation of the options can be 
decided. And secondly, the options to be invested in for the second stage can be made. These decisions are 
referred to as second stage decisions (“wait-and-see” decisions). Similar logic can be applied for the third 
stage and fourth stage, thus forming a multistage stochastic programme with recourse. Figure 4.4 visualises 
the stages and decisions made in each stage. 
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Figure 4.4: Decision stages for the multistage stochastic programme 

 

Solving a multistage stochastic programme with recourse is unfortunately not trivial. One approach is to form 
the so-called extensive form (EF) of the stochastic programme, which is where the decision variables for 
each stage and each scenario are explicitly described. This would mean that where before we had a single 
decision variable for the option selection in a single year, for example, the EF would have 27 variables to 
represent each scenario. Nonanticipativity constraints must then be added to ensure that solutions over 
different scenarios are the same at common nodes. For example, referring to Figure 4.1, constraints must be 
added to ensure that the programmes between 2030 and 2040 are the same for the first 9 scenarios.  The 
objective would then be a weighted objective across all the scenarios where the weighting reflects the 
probability of each scenario, which in this PoC is uniform across all scenarios. Formulating the EF creates a 
deterministic equivalent model, which can be solved by a regular MIP solver. It is easy to see, however, that 
the problem grows very large and becomes too difficult to solve. 

In order to solve this problem, we must reduce its size. One technique that has been successfully exploited 
for this type of problem (Shiina & Birge, 2003) is “block separable recourse”. Block separability can be 
exploited when the interactions between consecutive decision stages are sufficiently weak. The EBSD 
problem fits this description since the realisation of SDB in one stage is independent of the SDB realisation 
in the previous stage. The decision variables in a problem with block separability can be split into initial 
aggregate-level decisions and detailed-level decisions (Birge & Louveaux, 2011). In our case, the option 
investment decisions are the aggregate-level decisions and the utilisations are the detailed-level decisions. 
The problem then becomes equivalent to a two-stage stochastic programme, which is much easier to solve. 

While we did solve the EF of the two-stage problem, it is still large and quite time-consuming. Further 
decomposition techniques exist to break the problem down into a series of smaller sub-problems. One such 
technique is Progressive Hedging (PH) (Rockafellar & Wets, 1991), which decomposes the problem by 
scenario. The basic idea for the PH algorithm is as follows: 

1. Solve each scenario individually. 

2. Obtain a solution by averaging all of the variable values over all scenarios. 

3. Solve each scenario individually again but with a penalty term added to penalise the lack of 
implementability. This penalty is based on the deviation of the previous scenario solution from the 
solution from step 2. 

4. If the solution has not converged or reached a maximum runtime or number of iterations, proceed to 
step 2. 

5. End. 
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The PH has a fundamental advantage over the EF because the sub-problems can be run in parallel if a 
cluster of machines is available, which can offer significant runtime improvements. This parallelisation was 
not actually tested in this PoC. 

While the PH algorithm will converge for linear programmes, this is often not the case for MIPs and this was 
found to be the case in this PoC. To get around this, an extension to the PH algorithm developed by Watson 
and Woodruff was applied (Watson & Woodruff, 2010). This forcibly fixes integer variables when they 
converge or if they display cyclic behaviour, such as oscillating between 0 and 1. Moreover the PH algorithm 
can spend a disproportionally large amount of time trying to converge the last variables. We therefore 
imposed a limit on the maximum number of iterations before constructing a new EF of the model to solve. 
This EF was substantially smaller than the original EF due to variables that were fixed during the 
PH algorithm. 

It is noted that when using the PH algorithm, step 1 is essentially the same as the single state runs step for 
the overall PoC approach. This could therefore be removed, however, it may still be desired in order to filter 
out which options to develop real options for. 

4.4. Results 
Approach 2 and 3 both produce a single plan that aims to minimise expected cost over all 27 scenarios. 
Additionally, they could both produce an adaptive plan to show some of the possible pathways should 
additional information become available regarding the likelihood of different states in future periods. If the 
same states used in the scenario tree in Figure 4.1 are used, this would give an adaptive plan that looks like 
Figure 4.5. Here the plan in the first period between 2020 and 2030 is fixed. There are then 3 possible 
pathways in period 2 to represent the high, medium, and low SDBs. In reality, however, the model could be 
re-optimised in 2030 for a new set of states. 
 

 
Figure 4.5: Structure of an adaptive plan 

 

 

In order to compare the different approaches, Table 4.1 shows the expected cost of each approach along 
with the runtime.  Runtimes were obtained from running the model on a standard laptop with 4 cores, 1.99 
GHz processor, and 16 GB of RAM. Gurobi, which is a commercial MILP solver, was used. The expected 
cost comes out of approach 3 naturally, whereas for the other approaches this was evaluated by fixing the 
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portfolios then re-optimising the utilisations for each scenario and then computing an average cost. In 
addition to approach 2 and 3, some other solutions have been included: the wait-and-see solution, which is 
what could be achieved if we could see the future and is equivalent to the single state runs; the expected 
value solution, which is the solution obtained from using the average value for all the uncertain parameters; 
and a solution with a probabilistic constraint that ensures supply must meet demand over 95% of all possible 
futures, which is equivalent to using target headroom. Caution is advised when reading the absolute values 
here given that this is a PoC model and dummy deficit costs have been used. 

Table 4.1: Key results from the different approaches tested. 

Solution 
Expected Total Cost 
(including deficit) 

Expected 
Deficit Cost Runtime 

Wait-and-see solution £16.8 million £13.6 million 2 hours 

Expected value solution £197.7 million £195.4 
million 

30 minutes 

95% target headroom £25.5 million £18.3 million 30 minutes 

Approach 2 – recursive solution £24.5 million £16.0 million 1.5 hours 

Approach 3.1 – recourse solution from EF £19.2 million £14.9 million 10 hours 

Approach 3.2 – recourse solution from PH 
then EF 

£19.2 million £14.9 million 8 hours 

From these results we can see that approach 3 offers the best solution and that better runtimes can be 
achieved using the PH algorithm with the Watson-Woodruff extension for integer variables before solving a 
reduced EF model. Importantly this performs better than the target headroom solution, implying that a better 
solution be obtained by optimising the trade-off between too little and too much capacity. Having said this, 
the models solved here used dummy costs for deficits but it would be important to obtain more realistic costs 
of deficits in order to accurately optimise this trade-off, since the dummy costs may be too high or too low. 
Approach 2 had the effect of picking the portfolio associated with the lowest SDB scenario, thus minimising 
the maximum deficit. However as with the target headroom solution, this proved suboptimal.  

Two key statistics can be obtained from the results. Firstly, we can obtain the expected value of perfect 
information (EVPI), which is the difference between the recourse solution and the wait-and-see solution. This 
represents the maximum amount that should be spent in return for complete and accurate information about 
the future (Birge & Louveaux, 2011). Secondly, we can obtain the value of the stochastic solution, (VSS) 
which is the different between the expected value solution and the recourse solution. This represents the 
improvement that can be gained from considering uncertainty in the optimisation. Table 4.2 presents these 
statistics. Again, caution is advised when reading the absolute values here. 

Table 4.2: Measures of stochastic solution 

Measure Value 

EVPI £2.4 million 

VSS £178.5 million 
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4.5. Summary 
To summarise, a PoC model was built to test the original scope and then two alternatives were developed. 
The original approach did not prove successful when it came to constructing branch points for a decision 
tree. Other parts of the approach, however, such as the integrated risk model and real options proved 
feasible. The best alternative approach was the stochastic programme with recourse where a PH algorithm is 
run before solving the EF (approach 3.2 in Table 4.1). This is therefore the recommended approach. It was 
found that a commercial solver, such as Gurobi or CPLEX, was imperative to solve the model. Significant 
runtime benefits would be expected from further parallelisation. 

5. Step 9: Critical appraisal of evidence 
Earlier sections set out our approach to collating evidence, identifying gaps in the evidence and developing 
the PoC model.  This section of the report moves on and sets out the findings of the REA, including the 
areas where more research is recommended.  Where there are gaps in evidence we set out either a 
proposed approach, or range of approaches, which could be adopted in the new investment model in the 
meantime.  This would ensure WRSE has a model that is fit for purpose to meet the WRMP24 programme 
and future WRMPs. 

We have reviewed the evidence collected during this project and identified key topics which have been 
shown to be important. The topics are described in the following sections. 

5.1. Input data and validation 
There is a need, specifically recognised by water companies, that the quality of the input data needs to be 
improved.  There are concerns that the current data (e.g. cost data) may not be of a consistent quality, and 
that there needs to be better control, validation and understanding of the input data in the new model.   

The evidence shows that companies want: 

 To be able to input their own data directly into the model rather than emailing it to individuals for them to 
use or interpret. 

 A sign-off procedure so that it is clear that the data have been checked and authorised for use in 
subsequent model runs. 

 The input data to be checked by some validation tools, for example to confirm that the data are in the 
right format and within expected ranges. 

 To be able to see the data that they have entered (e.g. as a graph for demand data) so that they can 
check the data once entered. 

 A map or schematic of the baseline, showing information such as initial deficits, bulk supplies and 
transfer capacitates and shared sources. These should be both regional and water company specific. 

 Shared ownership of some data (e.g. new transfers and bulk supplies) which all relevant companies 
need to authorise. 

This input data and validation will form part of a database for the Regional System Simulation Model and 
investment model as well as other tools (e.g. Environmental Model).  Its scope is being developed in a 
separate contract by Mott McDonald, and a meeting has been held to ensure that the needs of the 
investment model are represented in the scope of the database. 
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5.2. Target Headroom 
One topic that was discussed and considered in depth was Target Headroom.  In a fully stochastic 
environment Target Headroom can (arguably) not be needed as the range of simulations identifies the 
planning risks.  However, the Environment Agency has previously asked Southern Water to provide a “back-
calculated” estimate of Target Headroom and have indicated that for WRMP24 companies will be again 
expected to provide Target Headroom.  It is not clear if companies will have to provide details of the different 
components of Target Headroom or how this could be achieved. 

For this round of plans it is most likely that companies will need to calculate a baseline target headroom and 
that the investment model will need to “inform” a final planning Target Headroom for each WRZ.  

5.3. Presentation of the results 
There is a strong view from water companies and regulators that the outputs of the model need to be 
improved from the current model:  

 In particular there was a strong preference for maps or schematics, ideally one for each AMP, showing 
information such as average PCC, level of leakage, new supply option development, utilisation of 
transfers and level of resilience.  These should be both regional maps and water company specific.  

 There was uncertainty about how alternative pathways should be presented.  There was concern that 
companies with a simple problem characterisation should not need to present more complex methods. 

 There was a requirement for the model  to produce the data for WRMP tables, but a recognition that 
these may change.  (note that since the interviews we understand that there is now likely to be limited 
changes to the WRP tables for WRMP24).  This would mean that the model return data to the central 
database from which after, programme appraisal and selection, there would be a separate macro/ simple 
interface then to complete the WRP tables. 

5.4. System simulation or aggregated approach 
We wanted to ensure that the proposed five step approach was consistent with the Guidance.   

In WRMP 2019 Methods – Decision Making Process: Guidance (UKWIR, 2016) the two methods for decision 
making are defined:  

 System simulation – which means that (companies) use a model of the resources system and run 
generated time series to evaluate metrics around resilience and return periods and costs/benefits to 
investment. 

 Aggregated – which means (companies) describe supply and demand as single values or probability 
functions for each year of the forecast so that linear optimisation can be used. 

It then sets out a range of approaches to decision making, based dependent on the problem 
characterisation.  These approaches are categorised as “current”, “extended” or “advanced”.   Figure 5.1 
shows the different approaches. 
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Figure 5.1: Summary of Approaches (UKWIR, 2016) 

The proposed WRSE approach is essentially a hybrid of approaches, with a Regional System Simulation 
Model (identifying the inter-relationship between existing and new sources and assessing regional reliability), 
and Aggregated methods (EBSD and Real options).  The Adaptive Pathways approach is one of the 
complex approaches. 

5.5. Model run times 
There were different views on what was acceptable as a model run time (which we took to be the time 
between requesting some results and obtaining them).  These views were generally based on current 
experience, either with companies’ own models or the current WRSE model.  Most companies did not want 
to see a reduction compared to current performance (which varied between 10 minutes and three days).  No 
company felt that more than three days was acceptable.  However some companies did comment that if the 
results were more reliable than from the current WRSE model, then they would be prepared to wait longer. 

5.6. Incorporation of policies in otherwise economic assessments 
There was recognition with regulators, water companies and WRE that incorporation of policy (such as 
leakage reduction or PCC reduction) were no longer necessarily part of an economic assessment.  Leakage 
policies currently adopted are 15% reduction in leakage in AMP7 and 50% by 2050 (based on Ofwat and the 
National Infrastructure Commission (NIC) “targets”).  There are no reductions planned beyond 2050.   

Demand management policies have not been set out by Ofwat or the NIC, so are more varied between 
companies:   

 Ofwat and the Environment Agency both indicated that there would remain a requirement for companies 
to present a Least Cost Plan (i.e. Portfolios which did not include policies which were not economic).   

 Ofwat and the Environment Agency both indicated that there could be regional targets for leakage 
reduction rather than company specific targets.  More work is being done by regulators, but in practice it 
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may not be the case that all companies should have the same leakage policies (e.g. to reduce leakage 
by 50%) as it may be cheaper for some companies to reduce leakage by more and others by less. 

 Water companies felt that the new model should have multiple approaches to incorporation of policies, to 
reflect changing regulator and customer requirements.  These included offering the model programmes 
of leakage and water efficiency options and allowing the model to select from those options to meet 
different policies or targets, beyond what is economic. 

 There is no evidence of how policies beyond the current 2050 Ofwat and NIC “targets” will be 
incorporated.  This is a gap in the evidence.   

5.7. Incorporation of non-financial criteria 
There is no specific guidance for the UK water resources sector on how to incorporate non-monetised 
factors in the development of a Best Value Adaptive Plan.  This is a gap.   

Water Companies have undertaken various approaches to incorporating non-financial measures into 
account when developing a Best Value Plan, including: 

 Considering customer preferences for different options (including, in earlier WRMPs,  Willingness to Pay 
research).   

 Environmental scores (e.g. whether an option has a strong or weak benefit or dis-benefit) (see 
section 5.8). 

 Resilience of either each new option (i.e. how reliable an option is likely to be under different droughts) or 
by modelling the expected resilience of the system once all the investment decisions have been 
implemented. 

 Yield and cost uncertainty of an option (e.g. the range of outturn yields or costs of an option). 

 Intergenerational Equity e.g. ensuring the cost of new investment is shared equitably across current and 
future generations (i.e. current customers are benefitting from previous investments in reservoirs made in 
the 19th and 20th century). 

Companies and WRE have used a variety of techniques, including Pareto Analysis to understand the trade-
off between different portfolios of options, monetised cost and non-financial criteria.  PolyViz is a tool used by 
Thames Water and WRE to present the outputs of different portfolios against non-monetised criteria.  In 
several cases a range of tools have been used to help stakeholders understand the trade-off between 
different portfolios of options and non-monetised metrics.  WRE held a two day workshop with many 
stakeholders where a range of different portfolios of options were presented and discussions were held to 
inform the selection of the Best Value Plan. 

In light of the lack of specific guidance to the UK water resources sector and the range of approaches 
adopted by different organisations, the literature review assessed how other countries water utilities or other 
sectors included non-financial criteria in their strategic planning.  From the literature there is no agreed single 
best way to incorporate non-financial metrics in an investment model however, as set out in Section 3, 
MCDM approaches are most widely used. 
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5.8. Environmental and Social Costs and Benefits and Natural 
Capital 

There were different approaches to incorporation of environmental costs and benefits in plans.  Portsmouth 
Water has developed environmental and social costs and benefits whilst other companies have tended to 
use scoring systems.  The current WRSE model does not use environmental scores.  

WRE and some companies had used Pareto curves to identify the trade-off between environmental scores 
and financial costs, whilst others had used environmental scores to influence the development of their Best 
Value Plans, by excluding options which were poorly performing.  Portsmouth Water commented that the 
impact of social benefit can be significant on some options. 

The Environment Agency felt that Natural Capital should be included in the future.  Natural England also felt 
that Natural Capital should be included, but identified that there were gaps in the evidence base.   

Natural England stated that the investment model needs to result in a regional plan that meets environmental 
legislation and can be shown to be providing net environmental gain.  

Several respondents pointed out that the modelling needs to be aligned with and influenced with the SEA, 
especially if in future regional WRMPS become Statutory.  We understand that more work is being 
undertaken on how Natural Capital can be incorporated in the next WRMP Guideline and WRSE is also 
undertaking its own review.  There is a lack of evidence as to how Natural Capital could be incorporated at 
this time. 

5.9. Option costing 
Several companies supported the idea that the investment model could use cost functions, rather than 
discrete costs for some option types.  For instance there was support that modular options, such as 
desalination schemes, could be offered as cost “curves” where the model can select a scheme yield (and 
associated cost) from such curves.  This approach would ensure that the selection of an option is not unduly 
influenced by the granularity of different versions of that option.  For instance currently desalination options 
tend to be offered as multiples of different modular options (e.g. 25Ml/d, 50Ml/d, 75Ml/d) but if a cost function 
were available then the model may determine (say) that 66Ml/d was the best size for a particular scheme. 

5.10. Cost allocations 
There were several discussions about allocation of costs, particularly on jointly promoted schemes and 
demand and leakage reduction.  For jointly promoted schemes it was felt that it was important that all 
companies which were promoting a scheme should authorise the allocation of costs.  

There were discussions about the treatment of costs from leakage and demand management should be 
allocated.  This is an area where we think more work is required.  The allocation of costs from leakage and 
demand reduction are complex for several reasons: 

 Decisions about how much to reduce demand and leakage are now (largely) policy driven rather than 
driven by cost effectiveness. 

 Reducing leakage or demand as a result of a policy decision is (invariably) more expensive than a cost 
optimisation decision.  In can be difficult to identify the costs of those policy decisions, especially where 
they are based on assumptions about unproven techniques. 
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 Reducing leakage or demand as a result of a policy decision can create a surplus of water for some 
companies or WRZs.  

 Selling this surplus to another water company can create a revenue for the donor company, but 
understanding the cost of generating this surplus can be difficult to quantify. 

 In draft determinations leakage reduction has not been (fully) funded. 

In some circumstances this could mean that a company is committed to reducing leakage, at a cost which is 
difficult to determine and which is not funded, to supply water to another company’s customers. 

5.11. Model ownership and operation 
WRSE is not a legal entity, and ownership of the new model needs to be resolved.  Intellectual Property 
Rights (IPR) can only be owned by a legal entity, and we understand that WRSE is unlikely to become a 
legal entity in the short term.   

All companies expect that at some point they will cease to undertake their own modelling for their WRMPs, 
but there were concerns that the programme for WRMP24 was tight and there were risks.  For these reasons 
some water companies said they would plan to undertake their own modelling using their existing tools, at 
least until they were confident in the outputs of the new WRSE models.  Other companies plan to revert 
solely to the new WRSE models as soon as possible.   

Furthermore some companies said that they would like to access the new WRSE models and have the ability 
for their own staff to do their own modelling, whilst others said they did not want (or did not have the 
resources) to do their own modelling.  In this case WRSE will be expected to provide model outputs for 
companies.   

The Environment Agency also stated that they would like access to the model (they have a version of the 
current model).  This is more to allow visualisation of results and check input data than “run” the model. 

Essentially this means that there will need to be two modes for the model – a Regional Mode, where a 
central resource undertakes model runs for regional modelling or at the request of a single company and a 
Local Mode, where a single company can run the model for their own testing or validation, without the need 
of a central resource.  The investment model will need to be developed with security incorporated, for 
instance to ensure that confidential data can only be accessed by authorised accounts.  

5.12. Distribution costs 
The Environment Agency raised concerns about the costs of distribution of the water and how this should be 
dealt with in the new model.  Current guidance requires Water Companies to include the costs of new 
“downstream” costs within their WRMPs (e.g. service reservoirs and distribution mains).  Most companies 
said they could provide this information.  In practice this will mean that supply options will need associated 
downstream costs assigned to them.  There will be complexities about how the dependencies of these 
downstream costs are dealt with in the model.  In particular the downstream ‘elements need inclusion in the 
plans and tables but it is demand growth that drives new distribution and treatment capacity, and demand 
management or reduction of abstraction can reduce the need for new or expanded works and distribution 
mains as both free up capacity.  The inclusion of complex optimisation of distribution costs will slow down the 
investment model. 
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5.13. Real Options and Adaptive Pathways Approaches 
Several water companies highlighted that the decision points or triggers in the proposed approach would 
need to be agreed regionally, so that the proposed modelling approach could be applied consistently across 
the region.   There were points raised that the decision points could vary between companies (with WINEP 
being important triggers for some companies but demand being more important for others). 

There is further work required to agree how decisions will be made on the approach to the Adaptive 
Pathways given that there are multiple companies involved with different triggers and strategic options. 

5.14. Scheduling of options 
One of the lessons learnt from WRE was that it is important that the modelling approach not only identifies a 
set of options, but that it provides a schedule of options.  As set out (UKWIR, 2016), Aggregated Approaches 
to decision making are helpful when there are early decisions to be made on strategic options, and that is 
currently the case for the WRSE region.   

Companies with the largest strategic options (e.g. Thames Water, Affinity Water and Southern Water) have 
not only identified early start dates for options but have also broken down those options into phases, which is 
essential for the Real Options and Adaptive Pathways approach proposed by WRSE.  Rules will need to be 
developed so that companies split their strategic options into phases so that the proposed five step 
modelling approach will work. 

5.15. Developing a Best Value Adaptive Plan 
This last topic remains partially unanswered and is probably the most complex still to resolve.  As set out 
above there is no clear guidance as what is meant by a Best Value Plan in the UK water resources sector, 
and whilst research from overseas and other sectors has shown a focus on MCDM approaches, further work 
is needed.  There are a number of factors which need to be considered when considering the role of the 
investment model in the development of the Best Value Adaptive Plan. 

5.15.1. Non-monetised costs 

As described above there is no specific guidance on how non-monetised costs should be incorporated in the 
development of a Best Value Adaptive Plan.  Investment models have been used (e.g. WRE, Thames Water 
and Affinity Water) to use Pareto Analysis to develop Pareto Fronts.  These can be used to compare the 
trade-offs between different portfolios and the various non-monetised metrics.  However, for this to be 
successful there would need to be consistency across the WRSE companies on the approach (e.g. agreeing 
the metrics, agreeing the scoring or ranking and ensuring that there is consistency of application).  For 
instance, for an environmental metric, every company would have to apply the same approach across all 
options.  This would require clear guidance. 

A further consideration is how customer preferences can be incorporated.  Southern Water reported that its 
initial research into customer preferences identified that certain option types (e.g. desalination) scored worse 
than others, but customers did not expect those options to be excluded from a Best Value Plan, but should 
rather form part of a balanced portfolio of different options.  It also reported that customers in different water 
resource zones had different preferences. 
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The evidence shows there are different approaches to incorporation of non-financial metrics into decision 
making, with several companies incorporating it in the selection of different portfolios (e.g. Thames Water) 
whilst others used the metrics as a final stage to amend a Least Cost Plan by excluding poorly performing 
options.  

Whilst there is no clear approach to what constitutes a Best Value Adaptive Plan the modelling approach 
needs to be flexible to take into account different possible approaches until guidance is provided or WRSE 
develops an approach.    

5.15.2. Natural capital 

There is a view (e.g. Natural England, Environment Agency, some water companies) that in the medium and 
long-term Natural Capital should be part of the approach of developing a Best Value Adaptive Plan.  The 
fWRPG states that companies should “Consider using an Ecosystem Services approach to environmental 
valuation” and whilst Natural England pointed out that it is not Policy to use Natural Capital accounting 
approaches, it is policy that WRMPs should result in Net Environmental Gain.  

Portsmouth Water highlighted that for Havant Thicket Reservoir, Social Benefits were positive, and this 
meant that the option scored well in its own modelling.  

Natural England highlighted that the cumulative effects of Natural Capital Approaches need to be taken into 
account, so whilst the Natural Capital of the current environment and options may be possible to estimate or 
calculate, the combined effects of multiple different options on the existing environment is not easy to 
calculate, especially when factors such as the location of discharges of effluent are considered. 

There are some options for Catchment Management which might not result in an increase in supply but do 
merit inclusion in a Best Value Adaptive Plan because they provide Environmental Net Gain.  The 
investment model will need to consider how to incorporate those options which do not meet a supply 
demand deficit but do form part of a WRMP which has environmental benefits.  

5.15.3. Strategic Environmental Assessment and other environmental regulations 

Natural England and several water companies commented that the Strategic Environmental Assessment 
needs to influence the development of each company’s WRMP throughout the process.  The Best Value 
Adaptive Plan needs to consider a range of legislation and guidance which may not be possible to 
incorporate into a model (e.g. in-combination effects).   

5.15.4. A realistic plan 

Several companies commented that the Best Value Adaptive Plan needs to be realistic.  It is possible to fall 
in to a trap of developing a Best Value Adaptive Plan which is not realistic (examples include water quality 
constraints on treated water, such as chlorination and plans where a transfer is used in one direction in one 
planning scenario and reversed in another, without an understanding of the complexity and constraints of 
reversing some transfers).  South East Water suggested that the plan should be tested by operational staff to 
ensure that it is realistic. 
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5.15.5. Reducing outage risk 

The Regional System Simulation Model will identify areas in the network which are not resilient to outage 
losses.  A Best Value Adaptive Plan could include options which do not reduce the supply demand balance, 
but rather reduce the risk caused by outage.  The model should allow modellers to test the benefits of 
Outage options (such as dualling of water mains).  

6. Step 10: Synthesise results 
Whilst the previous section describes the topics which have been researched in the evidence assessment, 
this section specifically sets out the findings of the review, and answers he primary and secondary questions 
which are summarised in Table 6.1. 

Table 6.1: Primary and Secondary Questions 

Summary of Requirements 
Primary Question 

Apprise whether the PoC model outlined in the ITT would work 

Secondary Questions 

Assess whether the PoC model represents and optimal solution for tackling the complex planning 
problem 

Consider the need for companies to exit the process based on their problem characterisation 

Suggest alternative approaches and improvements 

Review alternative modelling platforms that could be used to hold data from companies and run the 
model 

Outline the visualisation methods that could be used to summarise the results and allow to 
understand the results 

Recommend the model architecture and optimisation tool that should be used 

Produce a scope of work for the development of the investment model and an outline programme of 
work 

Present the findings in a half day workshop 

6.1. The primary question - Apprise whether the PoC model 
outlined in the ITT would work 

Our conclusion is that overall the proposed approach would work.  In reaching this conclusion we 
have considered the following evidence: 
 A PoC model has been developed which meets the specification.   

 That model runs in a reasonable amount of time (8 hours) and meets the expectations of companies. 

 The interviews with water companies showed broad support for the approach. 

 Meetings and discussions with Regulators showed that overall there was support for the proposed 
approach. 
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 The approach meets the requirements of current guidance being a hybrid approach of system simulation, 
aggregated methods and Current, Extended and Complex approaches. 

It is reiterated that this is a PoC approach and there are some aspects to the overall WRSE method 
that are still being developed.  So whilst overall the approach would work, there is further work 
needed to refine the approach and fill in the evidence gaps.  Adding these additional stages and 
complexities will have implications (for instance on the run time of the model).  WRSE will need to 
continually assess the trade-off between adding stages and complexity to the approach of 
developing a Best Value Adaptive Plan and model run times. 

There are specific questions which have been highlighted in the evidence review which need to be 
addressed and these are dealt with in the secondary questions in the following section. 

6.2. Secondary Question: Assess whether the PoC model 
represents and optimal solution for tackling the complex 
planning problem 

During the development of the PoC investment model a number of different approaches were considered 
(see Section 4).  The presented approach met the overall specification and had reasonable run-times.  Of 
the approaches tested the PoC model provides an optimal solution. 

We also reviewed if there were other approaches which could be “better” than the proposed 5 step WRSE 
approach.  Our literature reviews and evidence searches found no alternative approach which we felt was 
“better”. 

Our conclusion is that the PoC model represents the best solution of those currently available. 

6.3. Secondary question: Assess the need for companies to exit 
the process based on their problem characterisation 

We have reviewed the current and potential future problem characterisation of water companies.  Currently 
there are a range of problem characterisations.  However, there are discussions about government requiring 
companies to plan for a 1:500 year return period for levels of service.  In the event of this improved level of 
resilience being included in WRMP24 guidelines then only Portsmouth Water is likely to have a low risk 
problem characterisation.  Portsmouth Water is an exporter of bulk supplies.  

The proposed approach is a combination of current (EBSD - NPV optimised). Extended (Real Options) and 
Complex (Adaptive Pathways) approaches so meets the requirements of all companies irrespective of the 
problem characterisation. 

Our conclusion is that the PoC model shows that companies with a low risk supply demand balance 
can exit the proposed modelling approach early if they decide it is appropriate to do so. 

6.4. Secondary question: Suggest alternative approaches and 
improvements 

We have made recommendations on a number of improvements which can be made to the proposed 
approach; these improvements reflect the REA findings.   



 

 

 

 

WRSE Investment Model Review 

 
REA Report and Proof of Concept Modelling 

FWR6187-RT001-R02-00 36 

6.4.1. Improvement 1: Inclusion of policies such as leakage and demand 
reduction 

The Environment Agency and Ofwat stated that they would want to see a Least Cost Plan (irrespective of 
company specific policies on leakage and demand reduction) and then a Best Value Adaptive Plan which 
incorporates policies which reflect government priorities.  It was also stated that WRSE should test if 
individual company policies collectively provide a regional Best Value Plan.  For instance it may be that 
whilst “company A and company B” both have a policy to reduce leakage by 15%, regionally it might be 
better for one company to reduce leakage by more than 15% and the other by less.   

There is no doubt  that combining policy decisions in an economic model are challenging, so one option is a 
staged approach. 

In this staged approach we propose that as a first step a regional Least Cost Plan is developed,  which does 
not take into account company specific policies.  In the Least Cost Plan leakage and demand management 
programmes should be offered to the model, along with other options, to determine a Least Cost Plan and 
identify which demand management and leakage options form part of that plan. This will also identify the 
Sustainable Economic Level of Leakage (SELL)  which may still be needed for reporting purposes. 

We then propose that a second step of modelling is completed , where companies’ proposed leakage and 
demand management policies are “hard wired” into the model.  No supply options should be available and 
the model is not trying to solve the supply demand balance, but is being used to calculate the cost of these 
policies.  This will give a net cost of leakage and demand management policies.  It will also provide an 
estimate of the cost of producing surplus water which could be used for valuing bulk supplies.  If required, a 
further refinement of this step would be to “hard wire” regional leakage and demand management policies 
rather than company specific ones. 

Customers, regulators and stakeholders could be consulted on those policies to ensure support, or if there is 
insufficient support, then alternative policies should be modelled. 

Once the policies have been agreed then these policies and the associated options would be “hardwired” 
into the model and then supply options required to meet any remaining deficits will be selected using the 
investment models optimisation routine.  The approach is summarised in Figure 6.1. 
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Figure 6.1: Proposed approach to incorporating leakage and demand management policies 

6.4.2. Improvement 2: Selection of Best Value Plan 

Whilst this report shows that the proposed approach of using EBSD, Real Options and Adaptive Pathways is 
feasible and appropriate, we recognise that the final step in the PoC approach in the ITT includes the phrase 
“Use real options analysis to determine the Best Value Adaptive Plan”. As set out above there is no clear 
guidance on how this is done yet, as set out in the fWRPG, “the process for selecting a Best Value Plan 
needs to be clear and transparent”.  At this stage it is not clear how a Best Value Adaptive Plan will be 
developed nor is it clear what the role of an investment model is in the incorporation of metrics to determine 
Best Value.  Careful screening of options needs to be undertaken to ensure that options which perform badly 
on one metric (e.g. cost) are not excluded if they perform well on other metrics. 

The approach to developing a Best Value Adaptive Plan needs to be set out early in the planning process.  
Key decisions need to be made including: 

 Which metrics should be included in the decision-making process and how can they be applied 
consistently? 

 Are these metrics an input into the investment model (for instance as part of a Multi Criteria Optimisation 
approach  or development of Pareto Front) or are these metrics used towards the end of a process to 
exclude poorly performing options that are initially selected in a Least Cost Plan? 

 How will customer preference data be collected so that the Best Value Plan can be shown to represent a 
balanced approach to customer expectations? 

We have identified two different stages in the modelling process for inclusion of non-monetised metrics in the 
development of a Best Value Adaptive Plan and these are described below: 

Step 1 

• Use the investment model to develop a Least Cost Plan 
• Leakage and Demand Manement options are selected solely on 

costs and benefits 

Step 2 

• Hardwire each company's proposed leakage and demand 
management options into the model 

• Calculate the costs of these policies 

Step 3  
• Consult and agree if policies are affordable and appropriate 
• If not then update policies  

Step 4 
• Use the Investment Model to determine the other options required to 

meet the supply demand deficits 
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Option 1: Incorporation of Metrics towards the start of the investment modelling sequence 

In this option (Figure 6.2), after the Least Cost Plan is developed, tools such as Pareto Analysis,  MGA or 
MCDM are used to identify options and portfolios which perform well and one of these portfolios is promoted 
through to the Adaptive Pathways and Real Options stages of modelling. 
 

 
 

Figure 6.2: Option 1: Early Screening 
 

Option 2: incorporation of metrics toward the end of the investment modelling sequence 

In this option (Figure 6.3) several different Programmes are modelled using the Adaptive Pathways and Real 
Options approaches and the different programmes are assessed for Best Value at the end of the modelling. 
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Figure 6.3: Option 2: Late screening 

6.4.3. Incorporation of customer preferences 

A number of modelling approaches have been considered for including customer preferences in modelling.  
Evidence from Southern Water (pers comms, Meyrick Gough) indicated that although customer expressed 
preferences for different options types, what they really wanted was a balance of options within a range (e.g. 
no more than 20% of new water from desalination and at least 50% from leakage reduction). 

We have considered how to incorporate these preferences in a model.  The investment model could include 
constraints so that the options selected within a WRZ were constrained by customer preferences.  
Essentially, the investment model would only be able to select a set of options which met those customer 
preference constraints. 

6.4.4. Overall approach to developing a Best Value Adaptive Plan 

The overall approach to developing a Best Value Adaptive Plan is summarised in Figure 6.4. 

 

Portfolio 1 

Alternative 
Pathway 

Alternative 
Pathway 

Alternative 
Pathway Most likely 

pathway 

Alternatie 
Pathway 

Alternative 
Pathwya 

Portfolio 2 

Alternative 
Pathway 

Alternative 
Pathway 

Alternative 
Pathway Most likely 

pathway 

Alternatie 
Pathway 

Alternative 
Pathwya 

Portfolio 3 

Alternative 
Pathway 

Alternative 
Pathway 

Alternative 
Pathway Most likely 

pathway 

Alternatie 
Pathway 

Alternative 
Pathwya 

Best Value Adaptive Plan 



 

 

 

 

WRSE Investment Model Review 

 
REA Report and Proof of Concept Modelling 

FWR6187-RT001-R02-00 40 

 

Figure 6.4: Proposed approach to developing a Best Value Adaptive Plan 

6.4.5. Improvement 3: Testing of the Best Value Adaptive Plan 

Once a Best Value Adaptive Plan and potential alternative plans have been identified, we propose that the 
outputs of the Best Value Adaptive Plan are fed back into the Regional System Simulation Model to ensure it 
provides a resilient plan.  If the Best Value Adaptive Plan does not provide the required level of system 
resilience, then the alternative plans should be tested in the Regional Resilience Model until the Best Value 
Adaptive Plan that meets the regional needs is identified. 

Step 4 
• Use Investment Model to determine the other options required to meet the supply demand 
deficits 

Step 5 
• Determine metrics to be used in development of Best Value Adaptive Plan 
• Prepare consistent metrics  

Step 6  
• Agree approach to incorpration of metrics in Best Value Plan (e.g. Pareto Fronts, Multi 
Criteria Optimisation or removal of poor performing options included in Least Cost Plan) 
Develop adaptive pathways and alternative high value programmes to satisfy the problem 

Step 7  
• Develop Best Value Adaptive Plan 
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Figure 6.5: Proposed approach to testing the resilience of the Best Value Adaptive Plan 

6.5. Outline the visualisation methods which could be used 
There was a strong consensus across regulators, water companies and WRE for improvements to 
the visualisation of results.  Based on the evidence we conclude: 
1. There should be a baseline schematic. 
2. There should be schematics for each AMP. 
3. The process could be automated. 

6.5.1. Baseline schematic 

There should be a baseline schematic showing the key features of the WRSE area (WRZ boundaries, 
existing transfers and bulk supplies, initial states of problem characterisation and available options).  The 
schematic will help ensure that Water Resource Planners can check and validate the baseline position and 
that customers and stakeholders can have an initial understanding of the regional system and associated 
issues.  The schematic should be helpful enough to ensure that the baseline data are correct and customers 
can understand it, but also ensure compliance with security requirements.   

An example baseline schematic is shown in Figure 6.6. 

 

Step 7 
• Develop Best Value Plan and Adaptive Pathways 

and Alternative Plans 

Step 8 
• Test Best Value Plan in Regional System 

Simulation Model 

Step 9 
• If Best Value Adaptive Plan is poorly performing 

then test the Alternative Plans 

Step 109 

• Determine Best Value Adaptive Plan that provides  
acceptable level of resilience is acheieved 
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Figure 6.6

 
Figure 6.6: Example representation of a baseline schematic 

6.5.2. Output schematics 

There is strong support for a series of subsequent schematics, based on the Baseline Schematic, which will 
explain the least cost, best value and adaptive plans.  These should be for each AMP and show the new 
sources developed, new transfers, sources abandoned (e.g. due to WINEP) and the resulting levels of PCC 
and leakage and resilience.  

6.5.3. Automation and integration of schematics 

We have discussed the automation of the schematics with the wider decisionLab and HR Wallingford teams 
and envisage that the schematics could be automated as outputs direct from the model and be accessible by 
user interface and database . Both companies have developed similar tools in the past..  

We considered whether adjustments to the baseline data could be made via the schematic (e.g. by clicking 
on a transfer a planner could update the capacity of that transfer) and we think that this is a feature that 
would be useful during later stages of the development. 

All the schematics could be prepared for regional plans and company specific plans. 
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6.6. Recommend the optimisation tools that could be used 
Our conclusion, (based on the PoC model) is that the new Investment Model should be developed in 
Python.  A commercial optimisation engine will be required to meet expected run-time targets. 

Python is widely used for solving these types of modelling problems, benefitting from being transparent 
coding and a wide number of programmers.   Python is the preferred code for the new Regional System 
Simulation Model as well – so integration between the two models (e.g. visualisation of the baseline data) 
should be straightforward. 

Hosting the model on cloud servers will maximise processing speeds reducing runtimes.   

Testing shows that a commercial solver (e.g. Gurobi) is likely to be needed to keep run times within the 24 
hour specification set out by most companies. 
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7. Proposed architecture of the investment model 
The overall approach is provided in Figure 7.1. 
 

 
Figure 7.1: Proposed System Architecture 

 

It is proposed that a specially developed user interface is developed.  This user interface is the place where 
data are uploaded by companies, scenarios are selected by the modellers and the outputs are presented.  
This would be a web based application.  It would also be the interface with the Regional System Simulation 
Model, to ensure consistency. 
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8. Scope and programme of work for the 
recommended investment model 

8.1. Scope 
The outline scope is set out in the following sections and is based on the general approach set out in the ITT 
for this project. 

8.1.1. Summary 

The purpose of this document is to invite bids to develop a numerical model (the model) which will inform the 
investment decision for the Water Resources in South East alliance (WRSE).  WRSE has already 
commissioned a project to test a proposed approach of combining Real Options and Adaptive Pathways in a 
single platform and a Proof of Concept (PoC) model was developed which showed that the approach was 
feasible and had reasonable run times.  This second phase is to take that PoC and turn it into a functioning 
model. 

The model will be written in Python and will use a commercially available solver.  The model will link to a 
separate database of information and will also link to a Regional System Simulation Model. 

The model will be built in phases to meet the tight deadlines for the delivery of statutory Water Resource 
Management Plans (WRMPs) and Regional WRMPs.   

8.1.2. Introduction 

The six companies in the South East of England are seeking to develop a resilient water resources 
management plan.  These companies currently supply water to approximately 19m people across 31 Water 
Resource Zones (WRZs).  Some of these ones are connected by transfers.  There is forecast population 
growth across the region and there are reductions in available supply forecast because of WINEP and 
climate change.  There will be a deficit of water in the future if new investment in demand management and 
new supplies is not completed. 

The approach adopted by WRSE is a multiple staged approach of: 

1. Detailing a range of scenarios. 

2. Completing simple EBSD approaches to eliminating options which are never selected or any of these 
scenarios. 

3. Reviewing the EBSD results and, using the model, applying Adaptive Plan techniques to determine the 
key influences and branch points. 

4. Combining scenarios using an integrated risk approach to generate a range of supply demand balances. 

5. Use real options analysis to determine the Best Value Adaptive Plan for the range of scenarios at 
suitable branch points to determine the options to be developed over the short-, medium- and long-term. 

6. The outputs from the model will then be used in a Regional System Simulation Model to test the 
resilience of the Best Value Adaptive Plan. 
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8.1.3. Specific scope of work 

The work requires the following: 

 Development of a numerical model coded in Python and using appropriate techniques (such as Block 
Separable Recourse). 

 Develop interfaces with a database of key information. 

 Ensure consistency with a schematic from the Regional System Simulation Model of the baseline 
system. 

 Include security measures to ensure appropriate access to the model. 

 Produce visual outputs from the model to show the changes in the system each five year period for each 
adaptive pathway. 

 Work with practitioners during the development phase in an Agile Development way to ensure 
practitioners understand the model. 

 Producing initial model results based on available data in March 2020. 

 Test the model and arrange for auditing or peer review to ensure that the model meets the needs of 
WRSE. 

 Undertake subsequent model development as guidance develops to incorporate company specific and 
regional policies (e.g. leakage and demand reduction). 

 Incorporate non-monetised metrics to identify a Best Value Adaptive Plan. 

 Produce second phase model outputs by September 2020. 

 Provide training to WRSE company members. 

 Provide a manual for users of the model. 

 Present on progress to the Project Steering Group. 

 Provide fortnightly updates to the Project Steering Group. 

 Work with other parties developing other models and tools to ensure that the model is consistent with 
those models and works in an integrated way with all the other models, databases and tools. 

8.1.4. The model data requirements 

Model data includes, but is not limited to: 

For new supply and demand options 

Construction Capex, Maintenance Capex, Fixed Opex, Variable Opex, Natural Capital, Environmental and 
Social scores, carbon (volumes and costs), customer preferences, intergenerational equity, Yield (Normal 
Year, Dry Year, Average Day Peak Week and Average Day Annual Average and Minimum Deployable 
Output).  Some of this data will be deterministic and some (e.g. costs, metrics and yields) will be as 
probability distribution functions. 

Supply demand balance data 
 Demand Forecasts (Dry Year Annual Average and Peak Week) for a range of growth and climate 

change scenarios. 
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 Supply Forecasts (Dry Year Annual Average, Peak Week, and Minimum Deployable Output) for a range 
of scenarios based on climate change and the Water Industry National Environment Programme 
(WINEP). 

 Baseline Target Headroom. 

 Assessments of Outage. 

The model will provide guidance on the format and method of supplying the data, and include verification 
tools to ensure that data supplied to it are in the right format.  Forecasts of baseline supply and demand will 
be presented back to the user to allow them to confirm the data are correct.  Within the model data will need 
to go through a series of sign-off procedures to ensure that companies have checked and authorised the 
data they have supplied.  All data used by the model will need to be timestamped. 

8.1.5. Access and Security 

The model will have security embedded in it to ensure that access and functionality is restricted 
appropriately.  In particular, cost data will need to only be available to the company (or, for shared options, 
companies) providing the data.  Penetration testing will be undertaken by the contractor to ensure that the 
model security cannot be breached.  Contractors should ensure that the mode and outputs are GDPR and 
SEMD compliant.  Discussions will need to be held with water companies’ IT experts. 

8.1.6. Outputs and visualisation 

The outputs from the model will be a series of tables, charts and schematics which clearly show to 
stakeholders the baseline system and the changes in the system as investments are made.  Users will be 
able to click on the Adaptive Pathways to see the various investments in each adaptive pathway.  These 
outputs should be consistent with a web-based platform. 

The outputs tables should allow easy comparison between different model runs and programmes, so that the 
client is able to quickly understand the different model outputs. 

The outputs should provide year-by-year data (e.g. opex and utilisation) rather than summary data for each 
AMP. 

The model will provide data back to the database to allow the automatic completion of WRPG tables. 

8.1.7. Reports and Manuals 

A report will be written to aid stakeholders’ understand the processes and data used by the model.  This 
report should be written in a way that it is understood by non-experts.   

Manuals and user guides will be provided to provide instructions to the models users on the functionality of 
the model.  A training session will be provided at the end of phase 1 and phase 3. 

8.2. Programme 
We propose that the programme is split into five discrete phases to allow for: 

 Development of a model which meets the March 2020 deadline (dependent on procurement). 

 Reflects the fact that guidance on policies and development of a Best Value Adaptive Plan are not yet 
complete. 
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 Aligns (as we understand it) with other aspects of the programme (e.g. Development of the 
Environmental Model and Database). 

An agile approach to model development will be used, with two week sprints allowing WRSE and water 
company staff to be involved at key stages.   

8.2.1. Phase1 – Initial model development 

Development will of Phase 1 is split into three separate tasks.  

 Development of the model (four sprints). 

 Development of the visualisation tools (three sprints). 

 Integration with the database (three sprints). 

At the end of Phase 1 there would be an Investment Model which meets the specification, but does not 
include functionality to incorporate Best Value approaches (e.g. MCDA) or sophisticated policies for Leakage 
or demand targets.  Tables would be produced but the model would not produce automated schematic 
visuals at this point. 

8.2.2. Phase 2 – Model testing by WRSE 

Phase 2 consists of testing by the WRSE members. 

8.2.3. Phase 3 – Further development 

Phase 3 involves incorporating new elements to the model such as incorporated approaches to developing a 
Best Value Adaptive Plan, policies on leakage and demand reduction.  Phase 3 includes the development of 
visualisation tools to automatic the development of schematics plus the finalisation of table population. 

8.2.4. Phase 4 – Develop plans for WRSE region 

Phase 4 involves the WRSE group using the model to develop the regional resilience plan in time for Gate 1 
of the Ofwat gated process. 

8.2.5. Phase 5 – Integrate WRSE plan with other regions 

The final phase may involve updates to the model or additional model runs to ensure that the WRSE regional 
resilience plan is consistent with other regional plans. 

The overall programme is shown in Figure 8.1 in the same format as WRSE presents the rest of this complex 
programme. 
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Figure 8.1: Proposed Programme alongside Gate 1 and Planning Timetable 

 

 

 

 

Date Ofwat timetable - all solutions National framework and plans timeline Investment Model Development

Jul-19 Ofwat draft determination Draft national modelling work setting out case of need Ofwat draft determination
Review of Investment Modelling

Dec-19 Ofwat final determination National Framework published
Jan-20
Feb-20
Mar-20
Apr-20

May-20
Jun-20
Jul-20

Aug-20
Sep-20
Oct-20
Nov-20

Mar-21 Initial regional plan

Jul-21
Aug-21 Initial draft regional plan submitted
Sep-21
Oct-21
Nov-21

Jan-22

Informal consultation on draft regional plans
Pre-consultation of dWRMP

Feb-22

Phase 1 Model Build

Phase 2 testing by WRSE

Phase 3 Further Development

Phase 4 Develop Plans for WRSE Region

Input data for regional plan completed

Water Resources Planning Guidelines published

Gate 1
Phase 5 Integrate WRSE plan with other regions
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WRSE Investment Model REA Protocol 
8 September 2019 

Purpose 

This Protocol sets out the proposed approach to completion of the Rapid Evidence Assessment (REA).   

1. Project Team 

The project team will consist of Andy Ball (HR Wallingford, Lead Reviewer), James 

Adamson (dL - Senior Consultant – PoC Model) and Mason Durant (HR Wallingford).  

Some tasks may be undertaken by others (e.g. Deborah Lentle and Aodhín McBride). 

The WRSE team will consist of Meyrick Gough and Anna Wallen with the wider steering 

group being interviewed and attending meetings.   

Andy Ball will liaise with James Adamson throughout the project.  Regular phone calls will be held to 

understand emerging issues and review progress.   

2. Evidence Collection 

Evidence will be collected from:- 

 Water Company Staff.   

 WRSE staff 

 Regulates 

 Literature Review  

 Other practitioners 

 Other groups or individuals identified during the project 

2.1. Water Company Staff 

Andy Ball will arrange meetings with Water Company staff via the members of the steering group (Nick 

Honeyball, Chris Lambert, Nick Price, Liz Coulson, Alison Murphy, and Andrew Halliday).  Andy Ball will 

attend all meetings and James Adamson and Mason Durant will attend meetings if appropriate. 

A questionnaire will be developed to collect evidence.  A draft questionnaire will be produced by Andy Ball 

and shared with James Adamson and Mason Durant.  A final questionnaire will be developed.   

The questionnaire should be used to elicit key information on the primary and secondary questions. 
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Once interviews have been held companies will be sent a draft version of the questionnaire to amend or 

update. 

Copies of the questionnaire will be saved in the project folder and shared with James Adamson and Mason 

Durant.  Andy ball will screen the questionnaires for evidence.  Mason Durant will do a second review to 

ensure that no key points have been missed. 

2.2. WRSE Staff 

Andy Ball will organise a meeting with WRSE staff to understand key issues which may affect the project.  

These include programme, budget and WRSE expectations not set out in the ITT.  Minutes of the meeting 

will be prepared. 

2.3. Regulators 

AB will contact Ofwat and the Environment Agency and set up meetings to get their views on the project and 

approach.  We will review how the model compares to regional modelling being undertaken by the EA and 

understand the expectations from Ofwat for the gated processes for strategic options. 

2.4. Literature Review 

A literature review will be undertaken using search engines.  Key words and phrases will include: 

Key word(s)* 

 capital expenditure 

 capital investment 

 deep uncertainty 

 economic optimisation 

 industry application 

 infrastructure planning 

 Investment modelling 

 investment planning 

 investment under uncertainty 

 many objective optimisation 

 modelling investment 

 multi criteria analysis 

 multi objective decision making 

 optimal scheduling 

 optimal sequencing 

 optimisation 

 policy 

 portfolio project scheduling 

 price 

 programme evaluation 

 risk analysis 

 risks 

 robust decision making 

 robust investments 

 scenarios 

 strategic planning 

 time horizon 

 trade off analysis 

 water resources 

 water resources planning 

 

Evidence from the Literature Review will be saved in the project file FWR6187.  Copies of any data required 

by James and the decisionLab team will be shared via secure email systems.  Any data which includes 

personal information will be treated according to GDPR.   
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2.5. Other Practitioners 

We propose to contact Julien Harou and his team at Manchester University to understand their current work 

with the EA etc. 

2.6. Other groups or individuals identified during the project 

We will ask those people who we meet/interview to identify any other individuals or groups we should 

discuss the project with.  The list will be included in the report. 

3. Project Management 

Andy Ball will send fortnightly updates to Meyrick Gough and Anna Wallen.  These will either be a short 

email or phone call.  James Adamson will be a contributor to the updates. 

In the event of any serious concerns with the delivery of the project Andy Ball will, as soon as practical, 

discuss these concerns with Meyrick Gough. 

4. Draft Report 

A draft report will be issued to stakeholders towards the end of the project.  The report will follow the REA 

structure.  We will ask for comments on the Draft Report. 

5. Workshop 

A workshop will be held at a suitable venue where the results of the review will be discussed.  The aim of the 

workshop will be agreed with Meyrick Gough in advance.  As set out in the ITT the workshop should last 

about half a day. Minutes of the workshop will be prepared. 

6. Final report 

A final report will be issued which meets the structure of an REA, including copies of the evidence collected.   
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B. Questionnaire and Other Evidence  
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WRSE Investment Model REA Thames 
Water 
Evidence Collection Questionnaire 

1 August 2019 

Background 
WRSE is developing new tools for the development of the next WRMP.  This will include 
decision making tools to select strategic schemes as well as smaller projects and 
understand the impacts of policies.  There is an existing investment model which WRSE 
wishes to replace.  WRSE plans to begin the model update in September; however the 
scope of that model needs to be developed.  HR Wallingford and decisionLab have been 
appointed to undertake a review of potential approaches and recommend a way forward.  
In order to understand all the issues and recommend a way forward, we are adopting a 
systematic evidence review process (Rapid Evidence Assessment).  This questionnaire is 
designed to help collect evidence to inform the review.  

The results of this questionnaire will be considered along with other evidence.  The evidence will be 

incorporated in the REA review report.  Please advise if you would like your responses to be anonymised? 

 

Should the data be anonymised (Yes/No) 

1. Key feature (discussion with Company Lead) 

Key features 

Please summarise what a good investment model would look like for you and your organisation. 

 Good interface – companies need to input their own data which is checked and validated 

 The same interface could be used for the outputs of the model 

 Need to be able to communicate between the two models (simulation and investment) – but in the 

long term could be merged with a preference for (ultimately) one model  

 There needs to be an easy way of chasing down the understanding of the output of the model, for 

instance so it is easy to unpick/understand why an option is not being selected 

 Knowing the constraints in the model (e.g. transfers) including an interface of all the constraints 

(which could initially be a list). 

 Model needs to make sure the scenarios are clear, for instance have codes representing the 

various settings 

 

Comment [JK1]: Interface should 
include simple visualisation to illustrate 
the outputs and allow the user have a 
quick understanding and able to judge if 
the run was valid (make sense).  

Comment [AW2]: Probably not this 
AMP. 
After further discussion with Meyrick, 
the models will remain separate at 
present. The simulation model will 
produce a series of supply forecasts for 
the investment model to utilise. 
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Key features 

 

What are your concerns with the current WRSE approach?  Do you have concerns about the integration of 

the simulation/optimisation model?  Do you think this should be an aggregated model (e.g. WRZ)? 

 Uncertainty over the results – there is a lack of confidence of the outputs  

 Lack of auditability – it is difficult for the model (and data) to be audited and checked 

 The model is like a black box – it is not clear why certain outputs occur 

 

Do you envisage the new WRSE modelling tools to replace your existing models or work alongside them? 

When would this decision need to be made? 

 Thames Water would want to be able to run existing models for WRMP24 (at least) to ensure 

results were reliable and to be able to understand the differences between Thames’s models and 
WRSE Model.  For instance, to be able to take the outputs from a scenario in WRSE’s new model 

and check outputs for same scenario in Thames Water’s model. 

 

What are your biggest concerns about a new investment model? 

 No one has done real options and adaptive planning at the same time – agree it’s the right 
approach, but the complexity of it is a concern and the impact on run-times 

 Timing – programme of work for model development is tight and the model is an important tool for 

the new regional WRMP programme 

 Development and costing of options and the model build are going at the same time – parallel 

development.  There is a risk that these two developments may not be consistent. 

 For WRMP19 Thames did over 500 runs.  Model outputs need to be quick given the amount of 

modelling work required. Run time of around an hour would be reasonable 

 Need to be able to audit the model and the data so that everyone has confidence in the results.  

 

What are your greatest needs from the new investment model? 

 Transparency and auditability  

 Presentation of results for stakeholders 

 Trust in the results – results have to be defendable against challenge from adversarial 

stakeholders 

 

Are there “things” that your current model or the current WRSE model do not do at the moment which you 

would want to see? 

 Real options and visualisation of outputs 

 Clarity of the constraints 

 Outputs and links to other models may be needed but, for initial work, does not need to be 

embedded 

 Quality assurance and auditability of the model 

 Cross zonal transfers – clarity on how they are used and where water is moving – linked to a map 

but also in tables which can be understood 

Comment [JK3]: Visualisation and 
dashboard approach 
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Key features 

 Risk of outage to be assessed across key treatment works so that there is an understanding of the 

risk of outage 

 

2. Input Data 
We want to understand the data you have to input into an investment model.  Taking each input in turn. 

2.1. Baseline Supply (Discussion with supply experts) 

Supply 

What supply data do you currently have?  For instance are the data deterministic/stochastic or does it 
vary?  What is your future intention?  Will simulation data come from the WRSE simulation model?  How is 

climate change incorporated? 

 Currently have PDF of supply forecast 

 There is a risk of double counting where one company treats a bulk supply within DO and another 
as a bulk supply 

 

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 

to improve it? 

 Current approach is to supply data from WARMS.  Would still want to be able to take output from 

WARMS along with WRSE simulation model (comparative) 

 

How do you deal with Outage/Process losses etc?  Is supply net of outage or gross?  Are there outage 
options which need to be modelled? 

 Provide separate information on Outage and Process Losses so could be treated in simulation 

model and investment model as separate data inputs if required. 

 

 

Source:  <Insert Source or notes> 

2.2. Baseline Demand (with demand forecasters) 

Demand 

 

What demand data do you currently have?  For instance are the data deterministic/stochastic or does it 
vary?   

 DI and Headroom are stochastic.  WRSE does not recalculate final planning headroom, but 

guidance says it should be recalculated. 

 Uncertainty in demand profiles is understood and can be presented. 

Comment [AW4]: This will be 
assessed by the simulation model, not 
the investment model. The investment 
model may receive one to three Outage 
allowance profiles. 

Comment [AW5]: Current investment 
model plan is to optimise multiple 
different demands across the DI pdf 
(together with multiple different supplies 
of different uncertainty) so that a range 
of investment programme can be 
produced and for example the P50, 
P75, P90 programmes compared post-
modelling. So no headroom. 



 
 

 

 

WRSE Investment Model REA Thames Water 

Evidence Collection Questionnaire 

1 August 2019 4

Demand 

 

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 

to improve it? 

 Supply baseline demand forecasts.  This is not a problem at the moment. 

Are there any particular features of demand forecast which you think will change or could be improved?  

 No 

Do you provide baseline demands to WRSE or do you include policy adjusted data (e.g. compulsory 
metering, leakage policies). 

 Thames provides base line demand profiles and a series of demand management programmes 

which are calculated and costed separately.  The WRSE model can select from these 

programmes but must meet the company policy. 

 WRSE does not receive individual options from Thames (though other companies do provide 

individual options) 

 

2.3. Leakage (with leakage experts) 

Leakage 

Is the baseline demand forecast aligned with current leakage targets? Do you plan to change this? 

 

 Current view is that baseline leakage and demand management will be “hardwired” in the demand 

forecast for the rest of AMP7 

 It is acknowledged that there is a risk that AMP7 targets may not be met and that this could impact 

on the starting point for AMP8. Model will need to address this risk. 

 

How do you calculate SELL and future leakage targets?  Does the WRSE modelling inform your future 

leakage targets?  Should it? 

 In view of current guidance SELL is not particularly relevant.  Thames Water does calculate a 

SELL but the SELDM analysis, based on cost, benefit and policy, sets out the targets for the 

WRSE model 

 

Are future leakage targets an input into your own/WRSE’s modelling or an output?  

 Essentially an input as policy-based programmes 

 

Is leakage linked to other policies (e.g. PCC/demand reductions?).  Does the new investment model need 
to “think” more holistically about leakage and PCC targets (e.g. as we move to smart metering). 

 

 PDFs for leakage and PCC are available for different policies so this data could be available to the 

model if needed (for adaptive pathways analysis) 

 

Comment [AW6]: Optimising for 
different demand profiles which profile 
this risk 
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Leakage 

 

 

2.4. Options (with lead) 

Options 

Are there any concerns with the current approach to options in the WRSE model?   

 

 Confusion of optant option types because of inconsistent naming conventions (e.g. inter-company 

and extra-company transfers) 

 Coding of options needs to be consistent 

 Catchment management options are not dealt with at the moment.  This is more of an issue for 

Southern Water. 

 Multiple small options are difficult to deal with.  Some companies “bundle” them and some don’t.  

Having lots of small options can impact significantly on run time. 

 When an option has an impact on a downstream DO how does that get captured?  For instance 
upstream abstraction from a source, released as a discharge, can support downstream options or 

baseline DO.  There is some data on the impacts of this but it has not been used to date. 

 How will option utilisation be modelled? Some companies predetermine utilisation, TWUL 

optimises utilisation as part of investment cost optimisation. 

 WRSE needs to develop and agree real option components and whether there will be option 

elements (resource, transmission, treatment etc.) as there are for TWUL and AfW). Model build 

may need to know this format and prerequisites relatively early. 

 

What is the format of the data you present to WRSE?  Do the costs include Fixed opex, variable opex, 
maintenance and initial construction as well as carbon, social costs etc? 

 Thames provide the data requested in the requested format.  WRSE is undertaking a review of the 

data required. 

 All costs are annuitized for WRSE. This makes it difficult to compare between WRSE and TWUL 

EBSD models, and costs can be skewed if generic regional asset lives for option types are 
insisted on which do not reflect specific option assets life. The annuitisation method needs to be 
assessed and revised, at least in terms of asset life. But overall, is annuitisation the most 

appropriate option cost format for regional investment planning? 

 Natural capital may replace E&S costs and work is planned to research this 

 Some costs (e.g. E&S) make negligible difference to the plan 

 

With regards to small options (e.g. demand management) how important is it that these options are kept 
separated or can they be grouped together? 

 Looking at the trade-off of speed of the model and the benefits of the data 

 Model may be able to be used to identify options which are not or infrequently selected and 

Comment [JK7]: If WRSE design a 
set of rules for naming convention all 
water companies should follow. The 
rules should be universal and easy to 
be applied in different water companies. 

Comment [AW8]: There is apparently 
a naming convention which was 
introduced by the EA at the end of the 
last AMP (after WRSE runs). I am 
finding out what it is. 

Comment [JK9]: Dependencies and 
mutuality needs to be clear and should 
be visualised (in word/table) in the user 
interface of the model. 
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Options 

exclude from later runs – after sensitivity analysis to see how material this could be for different 

scenarios/ risk percentiles 

 Could possibly group options for regional runs and separate them for company-specific runs.  

 

For large options, are there particular concerns, for instance how are costs treated, what about the 
subsequent transfers of water?  Are there different approaches between companies (that you are aware 

of) for the same option?  Is there a risk of double counting when there are shared resources?   

 Minworth supplies two schemes so the dependency of water from out-of-region options needs to 

be checked and those interdependencies considered in the model 

 For shared resources one company provides the cost for the current WRSE model and the 

allocation of costs for business plans is made as part of a separate exercise. 

 Asset life and annuitisation of costs – current WRSE method (old) has standardised asset life 

which doesn’t match company ones and causes large difference in costs. 

 

Do you currently/plan to use MCA.  Which criteria are important?  Do you plan to include more MCA 
analysis?  Is water quality an important metric/constraint which needs to be considered in the optimisation 

modelling? 

 WRSE does not include MCA at the moment 

 UKWIR looking to fund a research project to consider how a “best value” plan should be 

developed 

 Flexibility needs to be built in to the model to allow for inclusion of MCA 

 Ability to include intergenerational equity is important to Thames Water 

 It is not clear if the model should optimise on criteria or report them.  Use of multi-criteria can be 

confusing (e.g. customer preferences for a type of scheme cannot always be accommodated if 

there is limited DO for preferred schemes) 

 An output from this review should include recommendations as to how MC should be incorporated 

in the new model. 

 

What do you think is meant by resilience in the context of WRMPs?  How do you measure the resilience of 
an option?  How do you measure the benefit of an option to other water users? 

 WRSE is developing various factors which influence or describe resilience  

 A list will be available at some point, but the model scope needs to be flexible to include this 

 

Are the impacts of option selection on bills important?  Is that fully considered at the moment? 

 Not Discussed – is this something that could/should come out of a model 

 Bill impact for WRMP in isolation does not give the customer a true understanding of the likely bill 

rise when including all other aspects of business investment and has not been particularly helpful 
to date because the rise is too low and differences too small. Direct WRMP programme cost 
comparison (both STPR discounted NPV and Intergenerational equity discounted NPV) provides 

sufficient understanding for programme appraisal without the bill impact calculation. 

 TWUL EBSD can calculate revenue requirement – e.g. including the cost of borrowing and WACC 
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Options 

in the cost calculation, which is the closest we get. However, would need to be careful this method 
doesn’t double-count any aspect of capital/ borrowing that is incorporated in option cost 

annuitisation if a similar method were used by WRSE and option cost annuitisation also continued 

for the new WRSE investment model. 

 

Should some options (e.g. transfer options) be treated as cost functions (maybe like leakage) so that the 

model can identify and cost options? 

 There may be benefits of including some options and functions (e.g. transfers, desalination) but 
this is likely to add complexity to the model and slow down the run times.  It may be something to 

incorporate in the future, but not important now. 

 

Are there new options which need to be considered? 

 Third party options/farm storage may be important at some point but are likely to be small options 

 A piece of work is under way to investigate how wide a capacity of options could be required to 

provide the investment model with true choice across the range of scenarios and uncertainties to 
be investigated. This will probably require further options although it is not yet decided how they 
would be generated in time – duplicates at new sites etc which require longer lead time to allow 

for detailed site investigation and design. 

 

Are there options which are not dealt with appropriately by the current model?  Why? 

 No 

 

When policy decisions are made (e.g. 15% leakage reduction) should these be part of the optimisation 

process or should companies specify the approach? 

 See early comments on leakage, SELL and policy approach 

 

 

 

2.5. Uncertainty (with lead) 

Key features 

How do you deal with uncertainty in your own modelling now?  Do you plan to change this?  For instance 

do you have PDFs of demand and supply uncertainty? 

 Yes there are separate assessments of supply and demand uncertainty at the moment 

 Uncertainty is dealt with by adaptive planning, target headroom and what if analysis as well as 

existing WARMS and demand models 

 

What are the key areas of uncertainty (e.g. demand forecasts, WINEP, costs, policy interventions etc.) 

 Climate change and population change are key 
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Key features 

 Beyond WINEP the EA is asking companies what the environmental need is for the South East.  

This may replace WINEP   

 

Given the uncertainty in water resource planning (especially beyond 25 years) there are lots of potential 

futures.  Who should select those futures?  What is the best way to visualise those future?  When are the 

decision points? 

 WRSE PMB will chose the futures 

 Thames may want to understand and model additional futures for its own planning 

 

What is the sort of information you would want to see presented? 

 Initially tables and diagrams showing the real options and adaptive planning results and 

alternatives 

 Later GIS mapping to show the location of options, transfers etc 

 All outputs need to be understandable by a range of stakeholders  

 

Where the future is uncertain do you have data to break down options into phases?  Do you understand 
the trigger points for real options, what are these data (e.g. is it WINEP, PCC reduction, Leakage 

performance)? 

 

 Strategic options are broken into phases.  Strategic options definition may become all options 

>10Ml/d but this is being reviewed by PCB. 

 Real option component breakdown being decided by PMB 

 Trigger points will also be decided by PMB after derivation of the scenarios – and possibly some 
modelling. They are unlikely to be linked to a specific driver for future change, more likely key 

points of decision.  

 

 

3. Outputs 

3.1. Overview (with lead) 

Key features 

If you could draw the ideal output of a model, what would it look like? If you were a customer what would it 
look like?  If you were a regulator what would it look like? 

 As described earlier, tables will need to be produced, but not necessarily to feed direct into the 

WRP tables as Thames will do its own modelling 

 Maps will help understand transfers 

 The constraints in the model need to be clear (e.g. capacity constraints) 

 Decision-trees and decision/tipping points 
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 If/ where MCA is used, comparative plots of metrics for different programmes 

 

Have you seen any model outputs you like?  Where? 

 The adaptive planning pathways in Thames Water’s rdWRMP 

 

How will you have confidence in the outputs?  What are the tools you currently use to test the outputs and 

do you have confidence in them?   

 Data needs to be checked and be auditable 

 Model needs to be auditable and have separate review to ensure and understand functionality 

 Thames will compare WRSE runs with their own EBSD+ runs 

 Visualisation tools that allow assessment are good but really need to be able to see the raw output 

to fully understand and accept selection 

 

Are there issues with confidentiality that need to be addressed?  Should everyone be able to see all the 

outputs?   

 The lack of data on other companies’ costs limits the amount of checking that can be done by 

Thames, but there are limitations to what can be shared. 

 

Do you use the existing WRP tables to check data or provide information?  Are these tables useful? 

 WRP tables are populated from Thames Water’s own models not WRSE model runs.  That is 

likely to stay the same for WRMP24 (at least) 

 

How do you deal with Target Headroom at the moment?  How would you deal with it in the future?  For 
instance is THR affected by options selection? 

 Thames plan to continue to calculate and present THR 

 

 

 

4. Performance 
 

Key features 

What is a maximum time you would consider reasonable from asking for a run and getting results? 

 Currently it is about half a day.  That is acceptable. 

 

Do you want to be able to run the model from your PC for your company?  Would it be you or a supplier? 

If a web-based model was developed would you be able to access it? Are there any internal IT issues you 
can foresee?  How do we address these? 

Comment [JK10]: May be a function 
allow uploading of water companies’ 
own output and to be able to compare 
with WRSE’s output? However, 
companies’ outputs are limited access. 
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Key features 

 Web based application, hosted in the cloud is likely to be the only real option. Thames Water 

policies are flexible enough to allow this. 

 But who would host and maintain it? 

 

Are there any investment models you are aware of that currently or could potentially meet the needs of 

WRSE?   

 Julien Harou – has contacts with a Dutch professor who has used real options for flood protection   

 

The intention is to have simulation and optimisation models. Do you prefer an integrated single model 

(perhaps making errors less likely) or two models (perhaps allowing more flexibility) 

 They need to be integrated so that there is less risk of error in data exchange.  However Thames 

may want to use the outputs of WARMS in the WRSE model, so there needs to be flexibility. 

 

In the longer term how do you see the model developing?  What’s your expectation for 5 years and 10 

years’ time? 

 There are no specific expectations for change.  

 

 

 

5. Risks (with the lead) 
 

Key features 

Building a new model in a challenging timeframe may be difficult.  What are the biggest risks? 

 

Risk 

Clarity/Transparency of the data and results 

Programme for development 

Handover of the model to WRSE and ability to run it 

Run time given complexity and number of WRZs and options 

 

How would your organisation mitigate these risks?   

 Anna would be part of the PCB and would be fully aware of the issues during model build 

 There needs to be involvement from the end users during the development so that the handover is 

effective 

 There needs to be sufficient resources from the developers to answer questions, sort out bugs etc 

after development 

 The model will need to be reviewed/ audited 

Comment [JK11]: Definitely web-
based.  
We need to be careful when cloud-
computing is used. Security policy/ 
measure should be in place because 
options and cost data are business 
confidential.   
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Key features 

 

There are different ways to building new models (e.g. Agile/Waterfall).  How involved would you want to be 

during the development of the model?   

 Anna would be involved throughout the development given her role and would feed back to 

Thames Water 

 

Do you have any experiences of similar projects which have gone well/badly? 

 Development with Manchester could have gone better due to lack of resource to deliver the 

required outputs at critical times.  WRMP development resourcing can be quite intense at times 

and resourcing of the project must recognise and accommodate this.  

 

Are there any people you think we need to speak to that can help with this review? 

 Jim Hall at Oxford 

 Julien Harou at Manchester 

 

WRSE has a programme for developing the new investment model.  Does this align with your 

programme? 

 Yes but it is a tight programme and there are risks 
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WRSE Investment Model REA – 
Southern Water 
Evidence Collection Questionnaire 

1 August 2019 

Background 
WRSE is developing new tools for the development of the next WRMP.  This will include 
decision making tools to select strategic schemes as well as smaller projects and 
implement policies.  There is an existing investment model which WRSE wishes to 
replace.  WRSE plans to begin the model update in September; however the scope of that 
model needs to be developed.  HR Wallingford and decisionLab have been appointed to 
undertake a review of potential approaches and recommend a way forward.  In order to 
understand all the issues and recommend a way forward, we are adopting a systematic 
evidence review process (Rapid Evidence Assessment).  This questionnaire is designed to 
help collect evidence to inform the review.  

The results of this questionnaire will be considered along with other evidence.  The evidence will be 
incorporated in the REA review report.  Please advise if you would like your responses to be anonymised? 

 

Should the data be anonymised (Yes/No) 

1. Key feature (discussion with Company Lead) 

Key features 

Please summarise what a good investment model would look like for you and your organisation. 

 However complex the approach we take, the presentation needs to be explainable in a simple 
series of outputs that are understandable by a range of stakeholders from customers to Board 

members 

 Model needs to clearly present a number of separate futures – the model should not present all 

the combination of futures – that is too confusing.  Three/four or five is a reasonable number. 

 A simple summary output as maps and tables (which are consistent with WRPG tables) is needed 

 Southern Water would want the ability to run the model to do their own runs  

 

What are your concerns with the current WRSE approach?  Do you have concerns about the integration of 

the simulation/optimisation model?  Do you think this should be an aggregated model (e.g. WRZ)? 

 Overly complicated approach to scenarios – with lots of scenarios being developed and difficulty 
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Key features 

determining/agreeing the “right” ones to present 

 Outputs are not well presented.  Tables are difficult to interpret (especially transfers) 

 Not clear what the assumptions are in the model which leads to concerns around the outputs  

 Model is a bit of a black box – which is understood by too few people.  This means there is a lack 

of confidence in the model 

 Costing issues are a concern –there are different approaches to costing and a lack of consistency 

(e.g. asset lives and shared schemes) 

 A broader question is that there is a discrepancy between WRMP costs and Business Plan costs 
because of the approach to efficiency targets.  Should costs in the model be pre or post 

efficiency? 

Do you envisage the new WRSE modelling tools to replace your existing models or work alongside them? 

When would this decision need to be made? 

 Southern Water expects the WRSE model to be used alongside existing models for 2024 and 

replace them by 2029 – solely due to the complexity of the modelling and programme risks 

 However the granularity of options needs to be addressed – if WRSE model is using programmes 
of options (e.g. groups of leakage options) then for company plans the WRSE model will also 

need to provide data required for WRPG tables and business plan.  

 

What are your biggest concerns about a new investment model? 

 Timing and programme of whole project is ambitious 

 Scalability of the model needs to be considered. 

 Complexity – southeast is a big area – representing this is a challenge in the timeframe 

 There is a risk that different companies will want different functionality so there needs to be a 
focus on a core model for the first phase of work 

 

What are your greatest needs from the new investment model? 

 QA checking needs to be built in to the model so that there is trust in the results 

 GIS mapping of transfers and options would help explain the outputs 

 Needs each company to be able to run the model simultaneously – for instance if Thames want to 

run the model then Southern should be able to run it at the same time. 

 

Are there “things” that your current model or the current WRSE model do not do at the moment which you 
would want to see? 

 QA in WRSE is difficult and the model tends to be run to understand where the errors are 

 In Southern Water models the network is understood, so there is confidence in the results, but 

there is not automated quality checking 

 Maps of the outputs 

 Outputs which interface with WRP tables – either directly or indirectly, but there needs to be 

functionality to transfer the data out of the new model into EA tables. 

 EA could have access to the model in principle (e.g. to see Southern Water’s model results in a 
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Key features 

visual environment) but need to consider what access they have.   

 

2. Input Data 
We want to understand the data you have to input into an investment model.  Taking each input in turn. 

2.1. Baseline Supply (Discussion with supply experts) 

Supply 

What supply data do you currently have?  For instance are the data deterministic/stochastic or does it 
vary?  What is your future intention?  Will simulation data come from the WRSE simulation model?  How is 

climate change incorporated? 

 Southern Water produces DOs for a range of different scenarios (MDO, PDO, ADO) and droughts 

(e.g. 1:100, 1:200 etc) 

 However there are various forms of (e.g.) a 1:200 drought (e.g. short deep and long shallow).  

One is selected. 

 Using this approach Southern Water has developed discrete distributions for DO for each return 

period 

 Southern Water would suggest the approach of using a drought library  rather than return periods.  

This would provide a regionally consistent data set. 

 There should be an iteration in the WRSE model to test the impact of selected plans on 
conjunctive use DO and resilience of the system (e.g. “run” the simulation model, “run” the 
optimisation model and then include the results of the optimisation in the simulation model to see 

the impact of the investment plan) 

 

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 

to improve it? 

 Data is provided as single estimates for each demand scenario.   

 There is no validation/check stage 

 

How do you deal with Outage/Process losses etc?  Is supply net of outage or gross?  Are there outage 
options which need to be modelled? 

 Outage is at regional/WRZ level and process losses are grouped by zone 

 Outage simulation would be useful to understand resilience but is an issue for the future modelling 

and not urgent 

 

 

 

Source:  <Insert Source or notes> 
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2.2. Baseline Demand (with demand forecasters) 

Demand 

What demand data do you currently have?  For instance are the data deterministic/stochastic or does it 

vary?   

 Baseline single line demand forecast (e.g. plan based growth) 

 Provide a range of forecasts (each being a single line) based on assumptions on growth, leakage 

etc) 

 Ranges are reviewed  and extremes are excluded to create an envelope of discrete demand lines 

which are used in the current Southern Water model 

 Five variables considered (growth, climate change, behaviour, leakage, HH demand) 

 

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 
to improve it? 

 Supply data as single line forecasts via xls.  No particular problems have been encountered 

 

Are there any particular features of demand forecast which you think will change or could be improved?  

 A range of demand forecasts needs to be offered to the WRSE model, but these need to be 

restricted to a reasonable number.   

 The combined risk on supply and demand should be the deficits the model is trying to solve. 

 

Do you provide baseline demands to WRSE or do you include policy adjusted data (e.g. compulsory 
metering, leakage policies). 

 For WRMP24 Sothern Water will assume that company will meet demand/leakage targets in 

AMP7 

 For current WRSE model Southern Water would include the uncertainty of meeting these targets 
in headroom but going forward would probably exclude baseline headroom and use discrete 

distributions to represent uncertainty. 

2.3. Leakage (with leakage experts) 

Leakage 

How do you calculate baseline leakage?  Is baseline leakage linked to the demand forecast? Is the 

baseline demand forecast aligned with current leakage targets? Do you plan to change this? 

 Leakage options are developed by a separate team.  The intention is to provide programmes 

which the model can select. 

 Leakage options will be based on 5 year programmes of work (matching each AMP) 

 

How do you calculate SELL and future leakage targets?  Does the WRSE modelling inform your future 
leakage targets?  Should it? 

 The company will be expected to have a policy (e.g. 15% over five years).  The model will be 
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Leakage 

offered programmes and select the best programme to meet the policy. 

 The model should be allowed to select leakage targets which are regionally optimal (e.g. one 

company may have greater leakage reduction than another if it is economic to do this). 

 This raises issues of cost allocation  

 

Are future leakage targets an input into your own/WRSE’s modelling or an output?  

 The policy and programmes are an input  

 The modelling to reach the policy and regional targets is an output 

 

Is leakage linked to other policies (e.g. PCC/demand reductions?).  Does the new investment model need 
to “think” more holistically about leakage and PCC targets (e.g. as we move to smart metering). 

 Each option will have (principally) either a leakage benefit or PCC benefit 

 However options with joint benefits will have an associated zero cost scheme (e.g. a metering 
project may have two associated options – a leakage option costing £1m with 0.5Ml/d of leakage 

benefits and a PCC scheme with zero cost and 0.5Ml/d of PCC benefits). 

 

 

 

2.4. Options (with lead) 

Options 

Are there any concerns with the current approach to options in the WRSE model?   

 Costs consistency (asset lives, downstream costs, optimism bias)  

 There are too many small schemes – going forward there should be programmes of options (e.g. 

grouped small schemes to reduce leakage/PCC) 

 

What is the format of the data you present to WRSE?  Do the costs include Fixed opex, variable opex, 

maintenance and initial construction as well as carbon, social costs etc? 

 Annuitized capex and maintenance figure is calculated 

 Carbon? Not sure if this is separate or included in OPEX/Capex.  Nick to check. 

 E&S costs and benefits are non-monetised but is available 

 Customer preferences is a score rather than Willingness to Pay 

 

With regards to small options (e.g. demand management) how important is it that these options are kept 
separated or can they be grouped together? 

 They can be presented to WRSE as programmes, but may need to be disaggregated for Southern 

Water’s own plan 
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Options 

 

For large options, are there particular concerns, for instance how are costs treated, what about the 
subsequent transfers of water?  Are there different approaches between companies (that you are aware 

of) for the same option?  Is there a risk of double counting when there are shared resources?   

 There is a risk of double counting (e.g. Peacehaven costs could have been included in both SEW 

and Southern Water plans) 

 Downstream costs are included as dependent options, although there may need to be more work 

done to review and confirm the costs 

 

Do you currently/plan to use MCA.  Which criteria are important?  Do you plan to include more MCA 
analysis?  Is water quality an important metric/constraint which needs to be considered in the optimisation 

modelling. 

 Have used MCA in a quantitative way in the past and it was important for the development of best 

value plan 

 Environmental impacts and customer preferences were included to improve least cost plan 

developed by the model 

 Long term aim is that MCA should be included in the model to take away subjectivity in 

assessments, but there will be work needed to agree methods and consistent approaches 

 

What do you think is meant by resilience in the context of WRMPs?  How do you measure the resilience of 
an option?  How do you measure the benefit of an option to other water users? 

 Resilience should initially be in the context of drought but later could include more work on outage 
risk and transfers.  At the moment it is difficult to justify an option which does not have a DO 

benefit (e.g. a transfer) which is used in the event of an outage incident. 

 

Are the impacts of option selection on bills important?  Is that fully considered at the moment? 

 Not essential at this stage 

 Could influence selection of best value plan when it comes to customer consultation 

 

Should some options (e.g. transfer options) be treated as cost functions (maybe like leakage) so that the 
model can identify and cost options? 

 May slow the model down, but can see advantages of selecting from “modules” of DO or capacity 

(e.g. transfers of desalination scheme).   

 Current approach to limiting the yield to incremental values is unlikely to be optimal option. 

 

Are there new options which need to be considered? 

 Catchment Management – nitrate and pesticides – up to about 60Ml/d of DO could be retained.   

 Resilience benefitting bi-directional transfers which can be used to support other companies or 

zones in the event of outage or drought. 

 Cost allocation of new long distance transfers (e.g. from outside the region).  Especially where an 

option can provide water to more than one company. 
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Are there options which are not dealt with appropriately by the current model?  Why? 

 Catchment management 

 

Do some options need to be forced in? 

 Sensitivity testing will be needed – forcing options in and excluding them will be important. 

 

When policy decisions are made (e.g. 15% leakage reduction) should these be part of the optimisation 

process or should companies specify the approach? 

 See earlier comments, but broadly, if a company has a policy of reducing leakage by (say) 15% 
then the model should be forced to select options to achieve that.  The model should also be able 

to see if reductions beyond 15% is “better”. 

 Cost allocation becomes complicated at this point.  If a company is reducing leakage to provide a 
bulk supply to another company how are these costs allocated.  This is more important given 

approach in draft determination. 

 

 

 

 

2.5. Uncertainty (with lead) 

Key features 

How do you deal with uncertainty in your own modelling now?  Do you plan to change this?  For instance 
do you have PDFs of demand and supply uncertainty? 

 Southern Water and discrete distributions of supply and demand and combine them. 

 Target headroom is back-calculated – but only to meet EA requirements 

 Southern use real options approach to deal with uncertainty 

 

What are the key areas of uncertainty (e.g. demand forecasts, WINEP, costs, policy interventions etc.) 

 WINEP – potential for future – 30 sources 100Ml/d so 2027 – would be a step change in DO 

 Growth in demand forecast – likely to be less of a step change and more of a gradual departure 

from the forecast 

 Behaviour change – again likely to be less of a step change and more of a gradual departure from 

the forecast 

 

Given the uncertainty in water resource planning (especially beyond 25 years) there are lots of potential 
futures.  Who should select those futures?  What is the best way to visualise those future?  When are the 

decision points? 
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Key features 

 WRSE committee should chose the futures 

 The futures could be based on gross assumptions about supply demand balance rather than 

specific assumptions about individual components (e.g. 100Ml/d deficit, 200Ml/d deficit) 

 

What is the sort of information you would want to see presented? 

 Outputs need to be clear and show the decision points and triggers 

 Nick to review Affinity Water approach and see if it represents the sort of information Southern 

Water would want to see. 

 

Where the future is uncertain do you have data to break down options into phases?  Do you understand 
the trigger points for real options, what are these data (e.g. is it WINEP, PCC reduction, Leakage 

performance)? 

 

 Options can be broken into phases 

 ODIs could become a trigger – failure to hit an ODI could be the trigger for a different programme 

 Policy decisions/government, national framework could all be triggers for different pathways 

 Government policy on abstraction from the chalk would be a trigger for Southern Water 

 

 

 

3. Outputs 

3.1. Overview (with lead) 

Key features 

If you could draw the ideal output of a model, what would it look like? If you were a customer what would it 
look like?  If you were a regulator what would it look like? 

 As described earlier, the current tables are not helpful, so visualisation, which senior management 

can quickly interpret would be important. 

 

Have you seen any model outputs you like?  Where? 

 No 

 

How will you have confidence in the outputs?  What are the tools you currently use to test the outputs and 

do you have confidence in them?   

 Southern Water has no specific tools to test its own models  

 Confidence in WRSE will come from understanding the input data and model function 
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Key features 

 

 

Are there issues with confidentiality that need to be addressed?  Should everyone be able to see all the 
outputs?   

 It is difficult to share cost data, but some information on total scheme costs for shared options 
would be helpful to identify errors in cost allocation 

 EA should be able to see results 

 

Do you use the existing WRP tables to check data or provide information?  Are these tables useful? 

 Tables ae useful but don’t align with real options approaches 

 EA expects tables even if approach is not deterministic 

 

How do you deal with Target Headroom at the moment?  How would you deal with it in the future?  For 
instance is THR affected by options selection? 

 Did calculate THR but not a traditional way.  Used combined risk model to incorporate uncertainty 

in the future. 

 

 

 

4. Performance 
 

Key features 

What is a maximum time you would consider reasonable from asking for a run and getting results? 

 24 hours  

 Current southern water model takes a day for each region and up to a week for the company area. 

 

Are quicker/less accurate results useful to test scenarios? 

 Not discussed – Nick/Faisal do you have any comments on this? 

 

Do you want to be able to run the model from your PC for your company?  Would it be you or a supplier? 

If a web-based model was developed would you be able to access it?  

 Southern Water would want to be able to run the model.  Currently Southern Water is unable to 

run the model Atkins developed for it due to IT Policy. 

 

Are there any investment models you are aware of that currently or could potentially meet the needs of 

WRSE? 

 No 
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Key features 

 

Are there any internal IT issues you can foresee?  How do we address these?  Do you want the model to 

link to some of your own models directly?  Which ones?  What are the platforms for these models? 

 Nick to check.  AB has put information in covering email. 

 

Can you provide relevant policies which might impact on this project (e.g. IT security)? 

 Nick to check.  AB has put information in covering email. 

 

The intention is to have simulation and optimisation models. Do you prefer an integrated single model 

(perhaps making errors less likely) or two models (perhaps allowing more flexibility) 

 Ultimately the models need to be very closely aligned 

 

Should we consider the cost of failure of water supply in the modelling?   

 Existing Southern Water model may have dummy costs for failure.  NP to check 

In the longer term how do you see the model developing?  What’s your expectation for 5 years and 10 
years’ time? 

 Model needs to be developed in a modular way to meet the initial needs and then additional 
functionality can be added  

 

What are the five words that are most relevant to your organisation and the investment model? 

 Clarity of outputs 

 Speed 

 Consistency 

 

 

 

 

5. Risks (with the lead) 
 

Key features 

Building a new model in a challenging timeframe may be difficult.  What are the biggest risks? 

 

Risk Total (1 to 25)  

A broad range of water company staff need to 
be able to understand and run the model so it 

is not a black box 

Southern Water would like to be involved in the 
development  and be part of the process of 

developing the model. 
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Key features 

Programme is ambitious Southern Water will maintain its own models 
for the time being  

The models need to be developed in a 
modular way to meet the challenging timetable 

Southern Water capacity to support the 
development 

Southern Water is having internal discussions 
about resourcing 

Consistency of cost data Mott Macdonald project should start to address 
this but there need to be clear guidance 

  

  

 

 

 

There are different ways to building new models (e.g. Agile/Waterfall).  How involved would you want to be 

during the development of the model?   

 Southern Water would want to be involved in (say) fortnightly meetings to understand how the 

model was being developed. 

 

Do you have any experiences of similar projects which have gone well/badly? 

 No 

Do you have a strategic scheme identified in the Ofwat PR19 draft determinations?  What are the key risks 
for these strategic options and the gated process?  What specifically do you need the model to produce 

and by when. 

 Yes – model and WRSE work needs to align with gated process (dates are slightly earlier for 

Southern Water than other companies) 

 

Are there any people you think we need to speak to that can help with this review? 

 No 

WRSE has a programme for developing the new investment model.  Does this align with your 

programme? 

 Yes 

Anything else?  Is there anything else you would like to add? 

 No 
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Andrew Ball

From: Andrew Ball
Sent: 11 September 2019 18:46
To: Price, Nicholas
Cc: Butt, Faisal; James Adamson
Subject: Re: WRSE Investment Model REA Southern Water  R00-01

Thanks Nick 

Sent from my iPhone 
 
On 11 Sep 2019, at 18:39, Price, Nicholas <Nicholas.Price@southernwater.co.uk> wrote: 

Hi Andy, 
  
Sorry for delay in responding. I haven’t had as much time to review the document as I would like. 
  
However: 
  

-          The record of our discussion looks fine. 
-          It seems the IT question should not be a problem – we can normally access web-based 

portals 
-          Carbon costs were not included alongside opex and capex in the total option costs for input 

into the investment model but were reported separately for our preferred strategy as 
required by the WRPG 

-          I have not had time to review Affinity’s presentation of results 
-          We did not have dummy costs for failure in the plan – I was getting confused by the option 

of having an acceptable deficit, allowing the model to solve when there weren’t enough 
other options for it to choose. 

-          Are quicker/less accurate results useful to test scenarios? I agree with Faisal – it might be 
useful for looking at longer term scenarios when accuracy is less important, or for 
considering the selection of strategic schemes. 

  
So I think I’ve managed to answer most of the questions! 
  
Thanks 
  
Nick 
  

From: Andrew Ball [mailto:A.Ball@hrwallingford.com]  
Sent: 11 September 2019 11:58 
To: Butt, Faisal <Faisal.Butt@southernwater.co.uk>; Price, Nicholas 
<Nicholas.Price@southernwater.co.uk> 
Cc: James Adamson <james.adamson@decisionlab.co.uk> 
Subject: RE: WRSE Investment Model REA Southern Water R00-01 
  
Hi Nick/Faisal 
  
Thanks Faisal for your reply.  
  
Nick  - do you have time to add anything to this? 
  
Hope all is well. 
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Andy 
  
From: Butt, Faisal [mailto:Faisal.Butt@southernwater.co.uk]  
Sent: Friday, August 30, 2019 3:22 PM 
To: Andrew Ball; Price, Nicholas 
Cc: James Adamson 
Subject: RE: WRSE Investment Model REA Southern Water R00-01 
  

REMINDER: Do not click links or open attachments unless you recognise the sender and know the content is 
safe. Please contact ISS Helpdesk if you have a concern. 
This message has been scanned by Forcepoint Cloud Email Security and Content Control. Click here to report 
this email as spam. 

  

Hi Andy, 
  
I’ve had a quick look and spotted a typo in the last bullet point of section 2.2   The variables included 
NHH demand, not HH demand. 
  
All but one questions shaded in yellow are addressed to Nick (many thanks for that!).   
  
Regarding quick/less accurate results, I suppose the answer depends on the degree of inaccuracy.  If 
a ‘quick and dirty’ run results in a few WRZs showing deficit in year 2100 then that would probably 
be acceptable but if it means that a strategic scheme required over the next 10-15 years gets 
omitted then that wouldn’t look good. 
  
Hope this helps.  
  
Best, 
Faisal 
  

From: Andrew Ball [mailto:A.Ball@hrwallingford.com]  
Sent: 29 August 2019 10:26 
To: Price, Nicholas <Nicholas.Price@southernwater.co.uk>; Butt, Faisal 
<Faisal.Butt@southernwater.co.uk> 
Cc: James Adamson <james.adamson@decisionlab.co.uk> 
Subject: WRSE Investment Model REA Southern Water R00-01 
  
Dear Nick and Faisal 
  
Thanks for your time yesterday – I really appreciated your input (and your staying power). 
  
Attached is a draft of the questionnaire.  I have highlighted a few points in yellow where there were 
outstanding queries.   
  
In terms of the issue of ”IT” then I think the most likely scenario at the moment is (broadly): 
  

1.       Data will be hosted on a remote “cloud” server.  To get over GDPR issues (if any) we could 
specify a EU-based location 

2.       The model code will be on the same server 
3.       You would update data and review, download results via a web-portal 

  
I hope that’s enough but if not let me know. 
  
Regards 
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Andy 
  

 

HR Wallingford and its subsidiaries uses faxes and emails for confidential and legally privileged business communications. 
They do not of themselves create legal commitments. Disclosure to parties other than addressees requires our specific 
consent. We are not liable for unauthorised disclosures nor reliance upon them.  
Our Privacy Notice explains how we use any personal data that you share with us.  
If you have received this message in error please advise us immediately and destroy all copies of it.  
 
HR Wallingford Limited 
Howbery Park, Wallingford, Oxfordshire, OX10 8BA, United Kingdom 
Registered in England No. 02562099 

 
  

Click here to report this email as spam. 

 
 
This e-mail is intended solely for the person or organisation to which it is addressed. It may 
contain privileged and confidential information. If you are not the intended recipient, you are 
prohibited from copying, disclosing or distributing this e-mail or its contents (as it may be 
unlawful for you to do so) or taking any action in reliance on it. If you receive this e-mail by 
mistake, please delete it then advise the sender immediately. Without prejudice to the above 
prohibition on unauthorised copying and disclosure of this e-mail or its contents, it is your 
responsibility to ensure that any onward transmission, opening or use of this message and 
any attachments will not adversely affect your or the onward recipients' systems or data. 
Please carry out such virus and other such checks as you consider appropriate. An e-mail 
reply to this address may be subject to monitoring for operational reasons or lawful business 
practices. This e-mail is issued by Southern Water Services Limited, company number 
2366670, registered in England and having its registered office at Southern House, Yeoman 
Road, Worthing, BN13 3NX, England. In sending this e-mail the sender cannot be deemed to 
have specified authority and the contents of the e-mail will have no contractual effect unless 
(in either case) it is otherwise agreed between Southern Water Services Limited and the 
recipient.  

This message has been scanned for malware by Websense. www.websense.com 

  
 

HR Wallingford and its subsidiaries uses faxes and emails for confidential and legally privileged business communications. 
They do not of themselves create legal commitments. Disclosure to parties other than addressees requires our specific 
consent. We are not liable for unauthorised disclosures nor reliance upon them.  
Our Privacy Notice explains how we use any personal data that you share with us.  
If you have received this message in error please advise us immediately and destroy all copies of it.  
 
HR Wallingford Limited 
Howbery Park, Wallingford, Oxfordshire, OX10 8BA, United Kingdom 
Registered in England No. 02562099 
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WRSE Investment Model REA – SEW 
 

Evidence Collection Questionnaire 

1 August 2019 

Background 
WRSE is developing new tools for the development of the next WRMP.  This will include 
decision making tools to select strategic schemes as well as smaller projects and 
implement policies.  There is an existing investment model which WRSE wishes to 
replace.  WRSE plans to begin the model update in September; however the scope of that 
model needs to be developed.  HR Wallingford and decisionLab have been appointed to 
undertake a review of potential approaches and recommend a way forward.  In order to 
understand all the issues and recommend a way forward, we are adopting a systematic 
evidence review process (Rapid Evidence Assessment).  This questionnaire is designed to 
help collect evidence to inform the review.  

The results of this questionnaire will be considered along with other evidence.  The evidence will be 
incorporated in the REA review report.  Please advise if you would like your responses to be anonymised? 

 

Should the data be anonymised (Yes/No) 

1. Key feature (discussion with Company Lead) 

Key features 

Please summarise what a good investment model would look like for you and your organisation. 

 The model Interfaces need to be good - particularly the input of data.  There needs to be a slick 
means to input data and visualise the constraints.  If not, no matter how good the model is the old 

adage of “Rubbish in-rubbish out” applies. 

 Companies must own and sign off the inputs and change control.  They should be responsible and 
accountable for the data they provide and the timeliness of it.  It should be clear who is 

responsible for any missing data. 

 Other users need to see errors in the data, so the model should be able to do some checks of the 
data, and if there are errors, not just send them to the data owner, but with others, so they 

everyone understands data issues.  

 There should be a checklist once data is entered to get people to sign off the model to add 

accountability to the process. 

 Where there are shared options (e.g. a transfer) there should be dual sign off by both companies. 



 
 

 

 

WRSE Investment Model REA – SEW 

Evidence Collection Questionnaire 

1 August 2019 2

Key features 

 There should be checks to make sure that duplicate options can’t be included – for instance two 

companies should not be able to include an effluent reuse scheme at Peacehaven 

 The model should report the % utilization in the outputs, not just the capacity, so stakeholders can 

see how much an option is being used. 

 There should be maps in the outputs, and these should be understandable for the operational 

teams not just modellers, so that operational teams can sense-check the model results. 

 The model needs to have an Audit trail to show what has been checked and by whom.  

What are your concerns with the current WRSE approach?  Do you have concerns about the integration of 
the simulation/optimisation model?  Do you think this should be an aggregated model (e.g. WRZ)? 

 Main concern with the current model is the data and process of getting data into the model.  
However it is not easy to understand the constraints and assumptions in the model and that needs 

to be addressed in the new model. 

 Companies will be using WRZs for the foreseeable future, but the number of WRZs will change 
(reduce) for SEW so the model needs to be flexible enough 

 

Do you envisage the new WRSE modelling tools to replace your existing models or work alongside them? 

When would this decision need to be made? 

 In the short term SEW may want to continue to use its own models until it has confidence that the 
new WRSE model has been audited and the data is right.  However ultimately SEW would want to 

use the WRSE models so there is consistency across the region. 

 SEW may want to access the model to use its own data for its own run, especially for WRMP24.  

These would not be regional runs, but would be used to test SEW’s own plan 

 

What are your biggest concerns about a new investment model? 

 There is no “plan b” – i.e. if it is delayed – not just model building but also the input data.  The 
programme is ambitious to meet the need for new regional plans. 

 There is a risk that not everyone buys into the results.  It will be important that all stakeholders 
accept the results of the modelling and their plans are based on the results. 

 

What are your greatest needs from the new investment model? 

 Clarity over the data inputs and good quality outputs 

 

Are there “things” that your current model or the current WRSE model do not do at the moment which you 
would want to see? 

 Ownership/sign off of the data. 

 Companies need to understand that the process for getting data into the model and agreeing the 
scenarios and outputs is as important as the model 
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2. Input Data 
We want to understand the data you have to input into an investment model.  Taking each input in turn. 

2.1. Baseline Supply (Discussion with supply experts) 

Supply 

What supply data do you currently have?  For instance are the data deterministic/stochastic or does it 
vary?  What is your future intention?  Will simulation data come from the WRSE simulation model?  How is 

climate change incorporated? 

 There is currently a mix of deterministic and stochastic data. The plan is to have more stochastic 
data. 

 

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 

to improve it? 

 Currently the data is emailed to Jacobs.  That has worked okay but there is no accountability.  If a 

company does not supply the data on time then there is no recourse. 

 

How do you deal with Outage/Process losses etc?  Is supply net of outage or gross?  Are there outage 
options which need to be modelled? 

 Outage and process losses are calculated separately.  SEW currently uses network models to 
identify method for improving resilience in zones and sub-zones. 

 Resilience of the system can be important for small supply works as well as the strategic ones.  
For instance in parts of Sussex the loss of a small source can have a large impact on resilience.  
The outage resilience approach should not just apply to large strategic schemes 

 

 

Source:  <Insert Source or notes> 

2.2. Baseline Demand (with demand forecasters) 

Demand 

What demand data do you currently have?  For instance are the data deterministic/stochastic or does it 
vary?   

 There is a deterministic demand forecast but there are high and low estimates for each year so a 
discrete distribution could be produced. 

 Going forward the length of peak period is important.  The peak week may reduce but the length 
of the peak may get longer, impacting on average demand. 

 Government policy is important.  There are options used by companies to change behaviour 
which are “free”.  These could either be built into the baseline demand forecast or included as 
options, but they will always get selected.  The baseline demand forecast is important.  
Companies need to be clear about what is included in baseline (e.g. metering, government policy) 
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Demand 

and what is not included. 

 Variations around weather are small compared to assumptions about behaviour so calculating the 
impact of weather and climate is not the key issue. 

 

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 

to improve it? 

 Sent via excel.  No particular problems other than accountability for the provision of data. 

 

Are there any particular features of demand forecast which you think will change or could be improved?  

 No 

Do you provide baseline demands to WRSE or do you include policy adjusted data (e.g. compulsory 
metering, leakage policies). 

 Company would include AMP7 targets in its baseline forecast. 

 

2.3. Leakage (with leakage experts) 

Leakage 

How do you calculate baseline leakage?  Is baseline leakage linked to the demand forecast? Is the 

baseline demand forecast aligned with current leakage targets? Do you plan to change this? 

 Demand forecast will include AMP7 assumptions for leakage reduction. 

 

How do you calculate SELL and future leakage targets?  Does the WRSE modelling inform your future 

leakage targets?  Should it? 

 SELL is calculated within the EBSD model.  There are cost curves for ALC and different options 

(e.g. pressure management) have been calculated. 

 Options tend to be grouped together as programmes  

  Leakage is essentially policy driven now rather than economic, however we need to understand 

the costs of leakage reduction. 

 

Are future leakage targets an input into your own/WRSE’s modelling or an output?  

 SEW set policies for AMP7 and its model determined how best to achieve that policy.   

 Going forward the trade-off between costs and leakage reduction need to be better understood.  
Could the model be used to understand these costs by running it with different leakage policies 
and just determining the leakage policies and costs to meet that target, then agreeing the right 
balance between leakage and cost and then running the model to determine the rest of the 

options to meet the deficits? 

 

Is leakage linked to other policies (e.g. PCC/demand reductions?).  Does the new investment model need 

to “think” more holistically about leakage and PCC targets (e.g. as we move to smart metering). 
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Leakage 

 Yes, model needs to consider benefits of smart metering etc., but the policy issue is the main 

driver of leakage and PCC reduction. 

 

 

2.4. Options (with lead) 

Options 

Are there any concerns with the current approach to options in the WRSE model?   

 It is not clear what is in some companies baseline water efficacy forecasts and what is enhanced 
– e.g. metering policies are in baseline for some companies and options in others.  It needs to be 
clear what is in baseline. 

 Leakage policy needs to be carefully considered.  Policy needs to be thought through. 

 

What is the format of the data you present to WRSE?  Do the costs include Fixed opex, variable opex, 
maintenance and initial construction as well as carbon, social costs etc? 

 There is capex, fixed and variable opex and carbon.  Other data (environmental, customer 

preference) is not monetised. 

 

With regards to small options (e.g. demand management) how important is it that these options are kept 
separated or can they be grouped together? 

 Options could be grouped together into programmes of work 

 

For large options, are there particular concerns, for instance how are costs treated, what about the 
subsequent transfers of water?  Are there different approaches between companies (that you are aware 

of) for the same option?  Is there a risk of double counting when there are shared resources?   

 There is a disconnect in scale between demand options (which are often small) and supply 

options which are often granular in scale (e.g. 25Ml/d, 50M/d, 75Ml/d) 

 

Do you currently/plan to use MCA.  Which criteria are important?  Do you plan to include more MCA 
analysis?  Is water quality an important metric/constraint which needs to be considered in the optimisation 

modelling. 

 Our modelling did input option MCA metrics to provide aggregated programme level scores. 
These were not used in any optimisation process, but extracted from the model and imported into 
a parallel axis plot software to allow us the visual these factors to see how they perform across 

multiple programmes. 

 Role of SEA is important throughout the process.  The SEA needs to inform the modelling at all 

stages in the next round of plans 

 

What do you think is meant by resilience in the context of WRMPs?  How do you measure the resilience of 
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Options 

an option?  How do you measure the benefit of an option to other water users? 

 Resilience is calculated in the network models and options to improve resilience (e.g. single 

source of supply) are identified. 

 

Are the impacts of option selection on bills important?  Is that fully considered at the moment? 

 Yes, this is important. For our own modelling, the willingness to pay for each option type was 
obtained. This was used to determine the level of support for each option which fed into the MCA 
metric for customer preference.  This was used to guide expert judgement decisions and not used 

in any optimisation process. 

 

Should some options (e.g. transfer options) be treated as cost functions (maybe like leakage) so that the 

model can identify and cost options? 

 Might be useful to transfers and modular designs (e.g. desalination). 

 

Are there new options which need to be considered? 

 No 

 

Are there options which are not dealt with appropriately by the current model?  Why? 

 No 

 

Do some options need to be forced in? 

 Model should consider the ratchet system for some options so that they are not built and then not 

utilised. 

 

When policy decisions are made (e.g. 15% leakage reduction) should these be part of the optimisation 
process or should companies specify the approach? 

 Companies should identify the policy for leakage with customers and the model should determine 

how to achieve that. 

 

 

 

2.5. Uncertainty (with lead) 

Key features 

How do you deal with uncertainty in your own modelling now?  Do you plan to change this?  For instance 

do you have PDFs of demand and supply uncertainty? 

 There are continuous and/or discrete distributions for supply demand data 

 SEW calculates baseline and final planning THR to ensure uncertainty/risk is met. 
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Key features 

 

What are the key areas of uncertainty (e.g. demand forecasts, WINEP, costs, policy interventions etc.) 

 WINEP and demand reduction 

 

Given the uncertainty in water resource planning (especially beyond 25 years) there are lots of potential 
futures.  Who should select those futures?  What is the best way to visualise those future?  When are the 

decision points? 

 WRSE PMB should select the futures. There needs to be consistency between companies. 

 

 

What is the sort of information you would want to see presented? 

 Presentation of uncertainty and real options can be confusing.  Uncertainty needs to be carefully 

presented. 

Where the future is uncertain do you have data to break down options into phases?  Do you understand 
the trigger points for real options, what are these data (e.g. is it WINEP, PCC reduction, Leakage 

performance)? 

 Options are not currently broken down into phases with associated costs that would be required 

for real options modelling. 

 The trigger points are likely to be WINEP (for SEW and other companies) 

 

 

3. Outputs 

3.1. Overview (with lead) 

Key features 

If you could draw the ideal output of a model, what would it look like? If you were a customer what would it 

look like?  If you were a regulator what would it look like? 

 Maps for each AMP showing the investment, change in resilience and transfers 

 Information should be able to be presented to operational teams so they can sense check the 

results. 

 

Have you seen any model outputs you like?  Where? 

 No 

 

How will you have confidence in the outputs?  What are the tools you currently use to test the outputs and 
do you have confidence in them?   

 Model needs to be audited but the key issue is the quality of the data.   
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Key features 

 Data needs to be validated on entry and signed off by the water company 

 

Are there issues with confidentiality that need to be addressed?  Should everyone be able to see all the 
outputs?   

 Confidentiality issues around costs need to be considered to prevent sharing of raw capex and 

opex costs 

 

Do you use the existing WRP tables to check data or provide information?  Are these tables useful? 

 WRP tables are useful.  The new model needs to be able to populate the tables like SEW’s 

current model does. 

 

How do you deal with Target Headroom at the moment?  How would you deal with it in the future?  For 
instance is THR affected by options selection? 

 

 SEW calculates baseline and FP target headroom. 

 Going forward there is a case for a new approach to presenting uncertainty and calculating THR 

may not be necessary. 

 

 

 

4. Performance 
 

Key features 

What is a maximum time you would consider reasonable from asking for a run and getting results? 

 Current SEW model takes 10 minutes to do a single run  

 1 day is the expectation for the regional model. 

 

Are quicker/less accurate results useful to test scenarios? 

 Possibly, but there is no point in producing model outputs if they are not reliable. 

 

Do you want to be able to run the model from your PC for your company?  Would it be you or a supplier? 

If a web-based model was developed would you be able to access it?  

 Yes SEW would be able to access a web-based system (subject to IS approval). 

 SEW would want to the able to run the model, but expects that most model runs will be by the 

WRSE group as a whole. 

 SEW would ideally like the outputs to be staged so that the model could be stopped and analysed 

(with outputs available) at the end of the ESBD process, and then other subsequent stages. 
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Key features 

 

Are there any investment models you are aware of that currently or could potentially meet the needs of 

WRSE?   

 No 

 

Are there any internal IT issues you can foresee?  How do we address these?  Do you want the model to 
link to some of your own models directly?  Which ones?  What are the platforms for these models? 

 No 

 

Can you provide relevant policies which might impact on this project (e.g. IT security)? 

 N/A 

 

The intention is to have simulation and optimisation models. Do you prefer an integrated single model 
(perhaps making errors less likely) or two models (perhaps allowing more flexibility) 

 The models need to be consistent.  The key issue is the consistency of data. 

 

Should we consider the cost of failure of water supply in the modelling?   

 SEW currently has a deficit cost.  There will need to be some cost in the model otherwise it may 

decide not to meet a deficit. 

 

In the longer term how do you see the model developing?  What’s your expectation for 5 years and 10 
years’ time? 

 More sophistication around the inclusion of environment, but the model is a tool to inform plans 

rather than specify plans.   

 

What are the five words that are most relevant to your organisation and the investment model? 

 Data  

 Accountability 

 Clarity 

 Transparency 

 

 

 

 

5. Risks (with the lead) 
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Key features 

Building a new model in a challenging timeframe may be difficult.  What are the biggest risks? 

 

Risk 

There is no plan b.  If the new approach does not work then there is a risk that a regional plan will be 
late.  

There is a risk that at the end not all companies will agree to use the outputs. 

 

 

 

 

 

How would your organisation mitigate these risks?   

 SEW will maintain its own models for the time being to ensure it can develop a plan. 

 PMB needs to ensure that companies back the work and sign up to the outputs. 

 

 

There are different ways to building new models (e.g. Agile/Waterfall).  How involved would you want to be 
during the development of the model?   

 SEW would like to be involved during the model build to understand the functionality and help 

define the outputs. 

 

Do you have any experiences of similar projects which have gone well/badly? 

 No 

 

Do you have a strategic scheme identified in the Ofwat PR19 draft determinations?  What are the key risks 
for these strategic options and the gated process?  What specifically do you need the model to produce 

and by when. 

 SEW has large options in its plan and although not specified in the IAP they may fall into that 

category for WRMP24. 

 

Are there any people you think we need to speak to that can help with this review? 

 CCW – 

 Communications team (e.g. Jo Osborne) who understands the types of information customers 

want to see. 

 

WRSE has a programme for developing the new investment model.  Does this align with your 
programme? 

 Yes 

Anything else?  Is there anything else you would like to add? 
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Key features 

 No 
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WRSE Investment Model REA – SES 
Water 
Evidence Collection Questionnaire 

1 August 2019 

Background 
WRSE is developing new tools for the development of the next WRMP.  This will include 
decision making tools to select strategic schemes as well as smaller projects and 
implement policies.  There is an existing investment model which WRSE wishes to 
replace.  WRSE plans to begin the model update in September; however the scope of that 
model needs to be developed.  HR Wallingford and decisionLab have been appointed to 
undertake a review of potential approaches and recommend a way forward.  In order to 
understand all the issues and recommend a way forward, we are adopting a systematic 
evidence review process (Rapid Evidence Assessment).  This questionnaire is designed to 
help collect evidence to inform the review.  

The results of this questionnaire will be considered along with other evidence.  The evidence will be 
incorporated in the REA review report.  Please advise if you would like your responses to be anonymised? 

 

Should the data be anonymised (Yes/No) 

1. Key feature (discussion with Company Lead) 

Key features 

Please summarise what a good investment model would look like for you and your organisation. 

 The outputs are important – if we get this right then we should not need to re-run the model lots of 

times 

 The results should not be unexpected 

 Clearly understanding what influenced the model in the model outputs  

 Identify good options at the start to ensure there is opportunity to share surpluses. 

 Make sure the surpluses and deficits are identified at the start of the programme from the 

simulation modelling and identify options to move water from surpluses 

 A good link to the simulator is required to help develop the opportunities 

 Knowing the scenarios at the beginning of the project so that data could be prepared in advance 
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Key features 

What are your concerns with the current WRSE approach?  Do you have concerns about the integration of 
the simulation/optimisation model?  Do you think this should be an aggregated model (e.g. WRZ)? 

 There were errors regarding certain options and these errors were allowed to pass through until 

late in the process. 

 More scrutiny on mutually exclusive (e.g. leakage options) is required to ensure the results are 

realistic 

 Sending out xls tables to be completed is not best approach – more guidance is needed on how to 

enter data and what the data will be used for and why it is important  

 Lack of transfers is a constraint on the current approach 

 SES Water trusted the final outputs even through it took time to get them and they were too late to 

influence SES Water’s plan  

 

Do you envisage the new WRSE modelling tools to replace your existing models or work alongside them? 

When would this decision need to be made? 

 Would want this WRSE model to be the basis SES WRMP, but perhaps with more detail in SES 
Water’s plan (e.g. group leakage options for WRSE plan and de-aggregate them for SES Water 

plan) 

What are your biggest concerns about a new investment model? 

 Baseline data changing so outputs will be different between WRSE and SE Water plan  

 If SES were to get some results then it would need to know the status of the data from the other 
companies; the regional data needs to be up-to-date as well as SES’s data.  There may need to 

be a central resource to run the model and ensure data is up-to-date. 

 SES Water will need to use Real Options and Adaptive Planning tools – especially given move to 

1:500 – new model needs to be able to complete this type of analysis. 

 

What are your greatest needs from the new investment model? 

 Timing is important going forward, especially given the timings of the baseline data.  This risks 

SES Water’s plan could be different to the WRSE plan.   

 If levels of service change there may need supply side options – there are options in the SES area 

but work can’t start until April 2020 making the programme difficult. 

 Understanding the resilience of both surface water and groundwater is important – e.g. River Mole 
groundwater sources which are supported by augmentation.  The new modelling tools need to 

consider this additional resilience. 

 Aggregating schemes to a smaller number of larger schemes and then allowing de-aggregation 

for smaller options 

 

Are there “things” that your current model or the current WRSE model do not do at the moment which you 
would want to see? 

 Map outputs would be useful – especially for transfers 

 Rules around bulk supplies are affected by changes such as 1:200 and 1:500 and balancing risk 

between donor and recipient companies’ customers will be important for the new models 
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2. Input Data 
We want to understand the data you have to input into an investment model.  Taking each input in turn. 

2.1. Baseline Supply (Discussion with supply experts) 

Supply 

What supply data do you currently have?  For instance are the data deterministic/stochastic or does it 
vary?  What is your future intention?  Will simulation data come from the WRSE simulation model?  How is 

climate change incorporated? 

 There is an Aquator model  for Bough Beech 

 There are groundwater DO assessments (via AECOM) based on worst drought in historic record 

(which is worse than 1;200).  

 Groundwater is a lumped parameter 

   

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 
to improve it? 

 Providing data is easy, but is prone to errors.  More clarity is needed on the data requests. 

 

How do you deal with Outage/Process losses etc?  Is supply net of outage or gross?  Are there outage 
options which need to be modelled? 

 Currently SES Water have separate estimates for process losses, DO and outage 

 It is not clear whether broader resilience planning (e.g. flooding and cold weather) is part of the 
future for WRSE modelling or if the simulations we are doing and investment planning are for 

drought only.  This needs to be thought through. 

 

Source:  <Insert Source or notes> 

2.2. Baseline Demand (with demand forecasters) 

Demand 

What demand data do you currently have?  For instance are the data deterministic/stochastic or does it 
vary?   

- Have high, medium and low forecasts so can provide uncertainty 

- Dry year has no restrictions  

- Impact of metering on TUBS is based on 2008 Drought 

 

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 

to improve it? 

- Currently email tables to Jacobs.  It is easy but there are instances where the data has been 
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Demand 

misinterpreted. 

 

 

Are there any particular features of demand forecast which you think will change or could be improved?  

 No 

 

Do you provide baseline demands to WRSE or do you include policy adjusted data (e.g. compulsory 
metering, leakage policies). 

 Baseline demands are currently provided and the model aims to meet a target driven by policy. 

2.3. Leakage (with leakage experts) 

Leakage 

How do you calculate baseline leakage?  Is baseline leakage linked to the demand forecast? Is the 
baseline demand forecast aligned with current leakage targets? Do you plan to change this? 

 Leakage and SELL is a separate model. 

 AMP7 targets would be hardwired into the demand forecast. 

 Headroom would be increased to reflect the uncertainty 

 

How do you calculate SELL and future leakage targets?  Does the WRSE modelling inform your future 
leakage targets?  Should it? 

 SES Water need to be able to compare policy based targets against SELL and best value plan 

 Model needs to look at the regional SELL of leakage – e.g. is it cheaper to reduce leakage below 

the policy to provide water to other WRZs or companies as part of a best value plan?  

 

Are future leakage targets an input into your own/WRSE’s modelling or an output?  

 Future targets will come from WRSE modelling.  SES want to offer the WRSE model programmes 

of leakage options and the model can then select different programmes.  

 

Is leakage linked to other policies (e.g. PCC/demand reductions?).  Does the new investment model need 

to “think” more holistically about leakage and PCC targets (e.g. as we move to smart metering). 

 Programmes developed by SES Water may be a combination of PCC and leakage reduction (e.g. 

smart metering) 

 Model will need to be able to model these types of solutions. 
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2.4. Options (with lead) 

Options 

Are there any concerns with the current approach to options in the WRSE model?   

 

 Costs are a key element.  A key question is “Do you use specific  costs for each scheme or 
generic approach based on cost curves? 

 There is an issue with the accuracy of costs and how  green book optimism bias is included in 

options. 

 Consistent approach to cost data required (e.g. asset lives). 

 There could be occasions with transfers where SES water is not receiving or supplying water but 
a pipe passes through its area and the costs for the pipeline are attributed to SES Water.  The 

model needs to allocate costs to each company. 

 There need to be better rules around transfer rates when there are restrictions in place to reflect 

donor and receiving companies’ drought states. 

 Some options do not produce DO but instead reduce outage– how do you select/justify an option 
which is not adding to DO but is reducing risk?  Model needs to consider this issue as it is 

important for regional resilience. 

What is the format of the data you present to WRSE?  Do the costs include Fixed opex, variable opex, 
maintenance and initial construction as well as carbon, social costs etc? 

 Data is a combination of Capex profile, variable and fixed opex, carbon and E&S 

 Transfer options could be developed from a cost model but this is not a priority 

 Natural capital not well enough established for WRMP19 but should be included in future plans if it 

is becomes established 

 It is difficult to quantity the benefit of leaving water in the environment at the present 

 Different options at different stages have different levels of cost uncertainty 

 If there was an impact of an option then cost of mitigation should be included (e.g. augmentation).  

Full scheme costs – including mitigation, should be included. 

-  

With regards to small options (e.g. demand management) how important is it that these options are kept 
separated or can they be grouped together? 

- Model needs to have  cost per ML/d for the model to select – e.g. curve or packages of options.  The 
model does not need lots of small schemes for the regional modelling, but this may be needed for 

SES’s WRMP and Business Plan. 

 

For large options, are there particular concerns, for instance how are costs treated, what about the 
subsequent transfers of water?  Are there different approaches between companies (that you are aware 

of) for the same option?  Is there a risk of double counting when there are shared resources?   

 No large options for SES Water for WRMP19 but will be if drought frequency changed to 1:500. 

 

Do you currently/plan to use MCA.  Which criteria are important?  Do you plan to include more MCA 
analysis?  Is water quality an important metric/constraint which needs to be considered in the optimisation 
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Options 

modelling. 

- Started with least cost financial plan then layered up options with best environmental impact  and 
added schemes which benefited resilience  

- MCA used for WRMP19 were resilience, environmental score, stakeholder preferences, and levels of 
service (1:10 to1:20) 

- If natural capital can be employed then environmental scores could be negated 

- Willingness to pay has been used but is difficult – variation in customer preferences needs to be 
incorporated but WTP is probably not appropriate 

 

What do you think is meant by resilience in the context of WRMPs?  How do you measure the resilience of 
an option?  How do you measure the benefit of an option to other water users? 

 Resilience options included outage reduction and specific schemes for WRMP19 

 WRSE and regulators need to agree how resilience is incorporated in WRMPs 

 

Are the impacts of option selection on bills important?  Is that fully considered at the moment? 

 Not discussed 

 

Should some options (e.g. transfer options) be treated as cost functions (maybe like leakage) so that the 
model can identify and cost options? 

 Possibly, but not urgent at the moment.   

 

Are there new options which need to be considered? 

 Not aware of any 

 

Are there options which are not dealt with appropriately by the current model?  Why? 

 Not aware of any 

 

Do some options need to be forced in? 

- Need to understand what would happen if an option is not available too.  Probably more important 
than forcing an option in. 

 

When policy decisions are made (e.g. 15% leakage reduction) should these be part of the optimisation 

process or should companies specify the approach? 

 See early comments in leakage.  Essentially the policy targets should be met but the model can 

select how, and if it is economic to reduce leakage further. 
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2.5. Uncertainty (with lead) 

Key features 

How do you deal with uncertainty in your own modelling now?  Do you plan to change this?  For instance 

do you have PDFs of demand and supply uncertainty? 

 

 Currently use deterministic approaches and apply target headroom 

 Using simulated data would be okay but would need to deal with the step change at the start of 

AMP8 if high demands and low supplies were presented.  There could be an initial deficit. 

 

What are the key areas of uncertainty (e.g. demand forecasts, WINEP, costs, policy interventions etc.) 

 Demand forecast 

 

Given the uncertainty in water resource planning (especially beyond 25 years) there are lots of potential 
futures.  Who should select those futures?  What is the best way to visualise those future?  When are the 

decision points? 

- WRSE should chose the adaptive planning scenarios 

- Would need consensus of companies – there was a feedback mechanism for WRMP19 with certain 
similar scenarios being ignored and 7 futures being selected 

- Pre-planning needed to consider WINEP programmes/climate change and demand forecasts to 

understand range of supply demand balances and chose agreed set of scenarios 

- Rather than adjusting each component of uncertainty the model could consider different supply 
demand balances (e.g. 50Ml/d increments). 

 

What is the sort of information you would want to see presented? 

 Show how plan develops over time – e.g. options coming in over time as a series of maps  

 Transfers need to be shown clearly so everyone understands how they operate 

 

 

Where the future is uncertain do you have data to break down options into phases?  Do you understand 
the trigger points for real options, what are these data (e.g. is it WINEP, PCC reduction, Leakage 

performance)? 

 At the moment there are no large supply options for SES Water, but there may need to be for 

WRMP24. 
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3. Outputs 

3.1. Overview (with lead) 

Key features 

If you could draw the ideal output of a model, what would it look like? If you were a customer what would it 
look like?  If you were a regulator what would it look like? 

 It would be a series of maps showing key stages, options and transfers - something that “tells a 
story” 

 

Have you seen any model outputs you like?  Where? 

 Southern Water plan 

 

How will you have confidence in the outputs?  What are the tools you currently use to test the outputs and 
do you have confidence in them?   

 Data and model needs to be reviewed and audited and transparent. 

 

Are there issues with confidentiality that need to be addressed?  Should everyone be able to see all the 
outputs?   

 Current approach to confidentially and provision of data is okay.  Difficult to see what additional 

information could be provided (other than maps etc.) 

 

Do you use the existing WRP tables to check data or provide information?  Are these tables useful? 

 Tables are useful, but it is unclear how they will be used in the future 

 Would be happy for EA to see data and outputs if it helps them understand the decisions and 

reasons for those decisions 

 

How do you deal with Target Headroom at the moment?  How would you deal with it in the future?  For 
instance is THR affected by options selection? 

 Yes we urgently use target headroom.  Future approach needs to be agreed, especially if new 

data is required. 

 

 

 

 

4. Performance 
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Key features 

What is a maximum time you would consider reasonable from asking for a run and getting results? 

 Several hours would be okay.  However the key thing is the robustness – the problems with the 
data this time round meant that lots of runs needed to be completed.  If we get the data right then 
fewer-longer runs would be acceptable. 

 

Are quicker/less accurate results useful to test scenarios? 

 Possibly – but need to retain confidence in the model outputs 

 

Do you want to be able to run the model from your PC for your company?  Would it be you or a supplier? 

If a web-based model was developed would you be able to access it?  

 SES Water envisages that WRSE staff will run the model not SES Water staff. 

 

Are there any investment models you are aware of that currently or could potentially meet the needs of 

WRSE?   

 No 

 

Are there any internal IT issues you can foresee?  How do we address these?  Do you want the model to 
link to some of your own models directly?  Which ones?  What are the platforms for these models? 

 Access to a web portal should be acceptable 

 

Can you provide relevant policies which might impact on this project (e.g. IT security)? 

 

 

The intention is to have simulation and optimisation models. Do you prefer an integrated single model 

(perhaps making errors less likely) or two models (perhaps allowing more flexibility) 

 The important thing is consistency of the models and data. They need to be integrated but 

necessarily one model. 

 

Should we consider the cost of failure of water supply in the modelling?   

 Didn’t ask – Alison do you have any thoughts on this 

 

In the longer term how do you see the model developing?  What’s your expectation for 5 years and 10 
years’ time? 

 Difficult to predict, but modelling will be important for WRMP24 especially if large schemes are 

needed due to moving to 1:500 drought. 

 

What are the five words that are most relevant to your organisation and the investment model? 

 Reliability 

 Outputs 

 Cost data 
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Key features 

 

 

 

 

5. Risks (with the lead) 
 

Key features 

Building a new model in a challenging timeframe may be difficult.  What are the biggest risks? 

 

Risk Mitigation  

Companies don’t buy into one plan – so there 
are differences between WRSE plan and their 

plans 

Need other companies to trust the 
model  

Companies need to work together 

Regional plan comes earlier so base data 
changes between WRSE plan and company 

plans 

Timing of data changes needs to be 
agreed between all companies and 

regulators 

Options are being developed at the same 
time as the model so there is a risk of 

inconsistency of outputs and requirements 

Having a programme for the data as well 
as the model.   

Clarity over the data inputs and when it 
is needed – clear plan on the data 

needs for options 

  

  

  

 

How would your organisation mitigate these risks?   

 Would work with companies to make sure all these points were addressed early 

 

There are different ways to building new models (e.g. Agile/Waterfall).  How involved would you want to be 

during the development of the model?   

 Did not ask this question – any comments Alison 

 

Do you have any experiences of similar projects which have gone well/badly? 

 No 

 

Do you have a strategic scheme identified in the Ofwat PR19 draft determinations?  What are the key risks 
for these strategic options and the gated process?  What specifically do you need the model to produce 
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Key features 

and by when. 

 No 

 

Are there any people you think we need to speak to that can help with this review? 

 Possibly Natural England – cumulative impacts of options on the same catchment –and to discuss 

the approach to Natural Capital 

 

WRSE has a programme for developing the new investment model.  Does this align with your 

programme? 

 Yes 

Anything else?  Is there anything else you would like to add? 

 No 
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Andrew Ball

From: Andrew Ball
Sent: 02 September 2019 08:06
To: 'Alison Murphy'
Subject: RE: REA

Hi Alison 
 
Thanks for this.  I’ll make the changes. 
 
I don’t think we have a PO yet and it is starting to cause us problems this end.  Would you be able to issue it today? 
 
Andy 
 

From: Alison Murphy [mailto:Alison.Murphy@seswater.co.uk]  
Sent: Friday, August 30, 2019 8:42 PM 
To: Andrew Ball 
Subject: RE: REA 
 

REMINDER: Do not click links or open attachments unless you recognise the sender and know the content is safe. Please contact 
ISS Helpdesk if you have a concern. 
This message has been scanned by Forcepoint Cloud Email Security and Content Control. Click here to report this email as spam. 

 

Andrew, 
  
I’m happy the responses are not anonymised. 
A few points- 

 It says SE Water at least once. 
 Groundwater augmentation does not occur at R- Mole – it is into R Hogsmill & Wandle. 
 TUBs impact based on 2005-2007 drought 
 The demand data was given as a baseline and also with the options required to meet the leakage and PCC 

targets – so these were in effect forced into the model 
 Not sure I said we want the model to select the target or the leakage programmes as such – it should select 

the optimum demand reduction and if this is further than our target we can add this into the model. 
 Impacts of option selection on bills – yes this is important but we need to ensure we are not storing up 

problems so that future generations face a large increase because we have avoided investing in resilience 
now. 

 New options – likely to be water re-use, green infrastructure, new generation of smart meters 
 Uncertainty – would add climate change 
 Running the model – we would want our suppliers to use it 
 Cost of failure – not sure what this means exactly but if its related to the certainty of supply / demand 

options resulting in the increase/decrease needed then yes this is needed. It relates to the level of 
management control we have on options. 

 Five words – clarity, resilience, certainty, sustainable, transparency 
 Model building – I do not have the expertise to need to be involved 

  
Regards Alison 
  

From: Andrew Ball [mailto:A.Ball@hrwallingford.com]  
Sent: 23 August 2019 14:08 
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To: Alison Murphy <Alison.Murphy@seswater.co.uk> 
Subject: [EXTERNAL] REA 
  
Mimecast Attachment Protection has deemed this file to be safe, but always exercise caution when opening files. 

Dear Alison 
  
Thanks for your time on Monday.  I’m sorry for the delay getting back to you. 
  
Attached is my first draft of the responses to the questionnaire.  There are a couple of questions I failed to ask – I 
have highlighted these in yellow.   
  
If you could let me have your comments, correction etc that would be helpful. 
  
Regards 
  
Andy 
  
Andrew Ball 
Technical Director, Flood and Water Management 
 
E: a.ball@hrwallingford.com 
T: +44 (0)1491 822310 

 

 

HR Wallingford 
Howbery Park, Wallingford, 
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Our Privacy Notice explains how we use any personal data that you share with us.  
If you have received this message in error please advise us immediately and destroy all copies of it.  
 
HR Wallingford Limited 
Howbery Park, Wallingford, Oxfordshire, OX10 8BA, United Kingdom 
Registered in England No. 02562099 

 

 

 
We are committed to reducing our use of natural materials. Please do not print this email unless absolutely 
necessary.  
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The information in this email is confidential and may be legally privileged. It is intended solely for the 
addressee. Access to this email by anyone else is unauthorised.  
 
If you are not the intended recipient, any disclosure, copying, distribution or any action taken or omitted to 
be taken in reliance on it, is prohibited and may be unlawful; please notify the sender and destroy all copies 
of the message and any attached files.  
 
Although SES Water takes all reasonable steps to ensure that its systems remain free of viruses, no 
responsibility will be accepted for any damage caused by any viruses which may be associated with this 
message. Addressees are advised to rely on their own virus checking procedures.  
 
SES Water, a trading name of Sutton and East Surrey Water Plc.  
Registered office London Road, Redhill, Surrey, RH1 1LJ. Registered in England Registration Number 
2447875  
Why not visit our website www.seswater.co.uk  
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WRSE Investment Model REA – 
Portsmouth Water 
Evidence Collection Questionnaire 

1 August 2019 

Background 
WRSE is developing new tools for the development of the next WRMP.  This will include 
decision making tools to select strategic schemes as well as smaller projects and 
implement policies.  There is an existing investment model which WRSE wishes to 
replace.  WRSE plans to begin the model update in September; however the scope of that 
model needs to be developed.  HR Wallingford and decisionLab have been appointed to 
undertake a review of potential approaches and recommend a way forward.  In order to 
understand all the issues and recommend a way forward, we are adopting a systematic 
evidence review process (Rapid Evidence Assessment).  This questionnaire is designed to 
help collect evidence to inform the review.  

The results of this questionnaire will be considered along with other evidence.  The evidence will be 
incorporated in the REA review report.  Please advise if you would like your responses to be anonymised? 

 

Should the data be anonymised (Yes/No) 

1. Key feature (discussion with Company Lead) 

Key features 

Please summarise what a good investment model would look like for you and your organisation. 

 Model needs to be flexible in accordance to the risk characterisation – so companies with low risk 
characterisation can present plans accordingly, whilst the model should provide a more 

comprehensive approach for medium and high risk plans. 

 The provision of bulk supplies reduces available headroom and increase risk in the donor 

company.    This needs to be considered in the modelling.  

 Model needs to be transparent and easy to use.  It needs to be auditable and understandable. 

 There need to be clear stages in the modelling, and clarity n how you move from one step to the 

next (e.g. from least cost to best value plan) 

 There need to be stakeholder friendly visual outputs including for the various presented scenarios 

(i.e. not just the least cost and best value) 

 Model needs to be easy to use.  From inputting the data through to reviewing the results. 
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Key features 

 

 

What are your concerns with the current WRSE approach?  Do you have concerns about the integration of 
the simulation/optimisation model?  Do you think this should be an aggregated model (e.g. WRZ)? 

 Current approach is not transparent and the outputs are not sufficient.   

 Quality of the data in the model is not always good, leading to errors. 

 PWC have one WRZ and will not be changing that – i.e. Havant Thicket does not result in more 

WRZs 

Do you envisage the new WRSE modelling tools to replace your existing models or work alongside them? 

When would this decision need to be made? 

 PWC will replace current model with WRSE modelling – however would want to understand any 
differences between the two approaches and would be concerned if the new WRSE model gave 

different results. 

What are your biggest concerns about a new investment model? 

 There is more risk because PWC have a current model, which works, and is auditable and 

understandable 

 However PWC think that the new WRSE model is a good opportunity to develop a more coherent 

regional plan 

What are your greatest needs from the new investment model? 

 Model needs to have good outputs  

 Should provide data for WRP tables (though some manual changes may be necessary) 

 Needs to be easy to use 

Are there “things” that your current model or the current WRSE model do not do at the moment which you 
would want to see? 

 No 

 

2. Input Data 
We want to understand the data you have to input into an investment model.  Taking each input in turn. 

2.1. Baseline Supply (Discussion with supply experts) 

Supply 

What supply data do you currently have?  For instance are the data deterministic/stochastic or does it 
vary?  What is your future intention?  Will simulation data come from the WRSE simulation model?  How is 

climate change incorporated? 

 PWC has stochastic data for each source.  Models are used to calculate the impact of weather on 
observation boreholes and these water levels are used to calculate yields at each groundwater 

site 
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Supply 

 Havant Thicket has its own assessment (originally Entec and more recently Atkins) 

 

 Work so far suggests that moving to a 1:500 would not significantly change the DOs therefore the 
problem characterisation would probably stay as low or medium. 

 

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 

to improve it? 

 Data is sent via spreadsheets.  Process could be improved.  Ideally PWC would want to upload 

and see the data in the new model to reduce the risk of errors. 

 

How do you deal with Outage/Process losses etc.?  Is supply net of outage or gross?  Are there outage 
options which need to be modelled? 

 It would be useful to understand the impacts of outage on the resilience of the WRSE area and 

the model would be helpful to identify options to improve resilience from outage 

 PWC has separate outage calculations  

 

Source:  <Insert Source or notes> 

2.2. Baseline Demand (with demand forecasters) 

Demand 

What demand data do you currently have?  For instance are the data deterministic/stochastic or does it 

vary?   

 There is a spreadsheet based forecast with a baseline, high and low forecast 

 Discrete distribution could be used from the data sets to provide data to the model(s) 

 The demand forecast is split between household and non-household so PCC can be calculated 

for adaptive pathways 

 

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 
to improve it? 

 Data is sent via a spreadsheet.  No particular problems with the current system. 

 

Are there any particular features of demand forecast which you think will change or could be improved?  

 No 

 

Do you provide baseline demands to WRSE or do you include policy adjusted data (e.g. compulsory 
metering, leakage policies). 

 PWC will include AMP7 leakage targets in the baseline forecast 

 There are risks to achieving leakage reductions (probably quite small) and PCC (Possibly larger) 

but this could be included in Target Headroom. 
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Demand 

 

2.3. Leakage (with leakage experts) 

Leakage 

How do you calculate baseline leakage?  Is baseline leakage linked to the demand forecast? Is the 

baseline demand forecast aligned with current leakage targets? Do you plan to change this? 

 Baseline demand forecast is linked to current leakage targets and will not change. 

 There is a separate leakage model  

 

How do you calculate SELL and future leakage targets?  Does the WRSE modelling inform your future 

leakage targets?  Should it? 

 Current plan is a 20% reduction in the AMP.  Company expect to achieve this reduction. 

 PWC has its own leakage model to determine costs of leakage reduction options 

 PWC would want to have policy targets in the new model, but be able to see if that is least cost or 

best value plan and test if different levels of leakage reduction provide a better regional solution 

 

Are future leakage targets an input into your own/WRSE’s modelling or an output?  

 Essentially an input.  A leakage policy is developed and options to achieve that are selected from 

the company’s leakage model. 

 

Is leakage linked to other policies (e.g. PCC/demand reductions?).  Does the new investment model need 
to “think” more holistically about leakage and PCC targets (e.g. as we move to smart metering). 

 Leakage and PCC reduction are complex to model in an investment model because they are 
driven by policy rather than cost minimisation.   

 WRSE model needs to take a range of programmes for PCC and leakage reduction and be able 

to select the best programme to meet the policy target. 

 

 

 

2.4. Options (with lead) 

Options 

Are there any concerns with the current approach to options in the WRSE model?   

 The dependencies between options needs to be considered – e.g. The benefit of Budds Farm to 

the yield of Havant Thicket 

 Catchment management is not represented in the model, but PWC has a series of quite small 

options to improve treatment and maintain DO at sources at risk of nitrate increases. 
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Options 

What is the format of the data you present to WRSE?  Do the costs include Fixed opex, variable opex, 
maintenance and initial construction as well as carbon, social costs etc? 

 PWC has Capex, Opex and Carbon cos and has also calculated E&S costs and benefits for each 
option.  These E&S Costs are material for Havant Thicket because there is social benefit from the 

option.   

 E&S costs are included in current PWC AISC calculations used to develop the company’s plan 

 

With regards to small options (e.g. demand management) how important is it that these options are kept 

separated or can they be grouped together? 

 Option could be grouped together 

 

For large options, are there particular concerns, for instance how are costs treated, what about the 
subsequent transfers of water?  Are there different approaches between companies (that you are aware 

of) for the same option?  Is there a risk of double counting when there are shared resources?   

 No particular concerns other than the issue of how Budds Farm could add to the resilience of 
Havant Thicket.  This is not currently an option but could be in future plans.  It provides resilience 

to the scheme. 

 

Do you currently/plan to use MCA.  Which criteria are important?  Do you plan to include more MCA 
analysis?  Is water quality an important metric/constraint which needs to be considered in the optimisation 

modelling. 

 E&S costs are part of the AISC calculation. 

 PWC did do work on customer preferences and resilience for WRMP19 and used this to influence 

the plan, however there are limited options available to the company 

 

What do you think is meant by resilience in the context of WRMPs?  How do you measure the resilience of 

an option?  How do you measure the benefit of an option to other water users? 

 It has been difficult to include resilience options in WRMP19.   

 Resilience should consider weather/climate and outage (at least in the longer term) 

 

Are the impacts of option selection on bills important?  Is that fully considered at the moment? 

 We believe the impact on customer bills is important should be recognised in the analysis, 
however this is not a straight forward calculation.  It requires, for example, a common approach to 
capitalisation and application of asset depreciation lives.  Further, it should apply the cost of 
capital explicitly allowed for by Ofwat in any Final Determination.  Timing may negate this 

aspiration. 

 

Should some options (e.g. transfer options) be treated as cost functions (maybe like leakage) so that the 
model can identify and cost options? 

 

 This has potential.  It’s accepted that some options are too granular.  Having costs functions may 
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Options 

help develop an optimal plan (e.g. for transfers and desalination) 

 

Are there new options which need to be considered? 

 As described above, the interplay between Budds Farm and Havant Thicket 

 Possibly the inclusion of catchment management, but this is not a major concern for PWC 

 

Are there options which are not dealt with appropriately by the current model?  Why? 

 We are not aware of other options which could be modelled.  

 

Do some options need to be forced in or excluded via manual selection? 

 Yes – agreed metering programmes  

 

When policy decisions are made (e.g. 15% leakage reduction) should these be part of the optimisation 
process or should companies specify the approach? 

 The Model should select from a series of programmes to meet the company policy and consider 

the regional plan. 

 

 

 

 

2.5. Uncertainty (with lead) 

Key features 

How do you deal with uncertainty in your own modelling now?  Do you plan to change this?  For instance 
do you have PDFs of demand and supply uncertainty? 

 PWC has yield and demand uncertainty and uses Target Headroom to calculate risk to supply. 

 PWC can see that simulation modelling may mean a move away from Target headroom 

 

What are the key areas of uncertainty (e.g. demand forecasts, WINEP, costs, policy interventions etc.) 

 PCC reduction 

 Other companies’ WINEP programmes meaning a requirement for additional bulk supplies 

 

Given the uncertainty in water resource planning (especially beyond 25 years) there are lots of potential 
futures.  Who should select those futures?  What is the best way to visualise those future?  When are the 

decision points? 

 PWC has a low risk problem characterisation, so this is not so much of an issued, however they 
would want to be involved in selection of futures to understand the impacts (e.g. other companies 

WINEP programme) on their plan. 
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Key features 

 

What is the sort of information you would want to see presented? 

 Maps showing the transfer of water and changes to PCC leakage 

 Baseline maps showing the initial system, the constraints and transfers 

 

Where the future is uncertain do you have data to break down options into phases?  Do you understand 
the trigger points for real options, what are these data (e.g. is it WINEP, PCC reduction, Leakage 

performance)? 

 PWC has one large scheme which is split into phases. 

 WINEP in other companies is likely to be the trigger point for changes to the existing and future 

bulk supplies. 

 

 

 

3. Outputs 

3.1. Overview (with lead) 

Key features 

If you could draw the ideal output of a model, what would it look like? If you were a customer what would it 

look like?  If you were a regulator what would it look like? 

 A series of maps showing how the investment model had selected options over time and how 

those options were used and utilised 

 

Have you seen any model outputs you like?  Where? 

 Julien Harou presented information on MCA approaches (3d visualisation) 

 

How will you have confidence in the outputs?  What are the tools you currently use to test the outputs and 
do you have confidence in them?   

 PWC would want to understand how the model worked.  Although the company may not have 
capacity to get directly involved in the model build, a weekly newsletter from the project team 

could keep them up-to-date and keep them involved. 

 

Are there issues with confidentiality that need to be addressed?  Should everyone be able to see all the 
outputs?   

 In principle no, however WRSE has always been sensitive about sharing cost information between 
companies and with other third parties.  This stems from the risk of collusion under the 

Competition Act.  
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Key features 

Do you use the existing WRP tables to check data or provide information?  Are these tables useful? 

 PWC manually populates the tables.  They are useful. 

 Even if the new model produced results PWC may need to make some manual changes 

 

How do you deal with Target Headroom at the moment?  How would you deal with it in the future?  For 

instance is THR affected by options selection? 

 THR is currently calculated for the baseline.  PWC can see that in the future THR may not be 

needed as the simulation model will provide the level of risk. 

 

 

 

4. Performance 
 

Key features 

What is a maximum time you would consider reasonable from asking for a run and getting results? 

 A day is okay.  The current PWC model ranks options by AISC so takes no time to run. 

 

Are quicker/less accurate results useful to test scenarios? 

 Yes to check the model. 

 

Do you want to be able to run the model from your PC for your company?  Would it be you or a supplier? 

If a web-based model was developed would you be able to access it?  

 The current model is in excel. 

 Liz to check with PWC’s IT team on policies for the new WRSE model. 

 

Are there any investment models you are aware of that currently or could potentially meet the needs of 
WRSE?   

 No 

 

Are there any internal IT issues you can foresee?  How do we address these?  Do you want the model to 
link to some of your own models directly?  Which ones?  What are the platforms for these models? 

 Liz to check with PWCs IT team 

 

Can you provide relevant policies which might impact on this project (e.g. IT security)? 

 Liz to check with PWCs IT team 

 

The intention is to have simulation and optimisation models. Do you prefer an integrated single model 
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Key features 

(perhaps making errors less likely) or two models (perhaps allowing more flexibility) 

 The results need to be consistent. 

 PWC have a less complex problem characterisation than other companies so the modelling needs 

to be flexible enough to allow them to develop a plan appropriate for their needs. 

 

Should we consider the cost of failure of water supply in the modelling?   

 It would be very helpful to understand the cost of failure and indeed the cost of the alternative 

solution. The former is often subject to commercial agreements when trades are being planned. 

 

In the longer term how do you see the model developing?  What’s your expectation for 5 years and 10 
years’ time? 

 Model needs to be flexible enough to be developed in the future.   

 

What are the five words that are most relevant to your organisation and the investment model? 

 Consistent with other companies options ensure efficient / consistent plans  

 Transparent ensuring we can understand outputs 

 Accepted by regulators and stakeholders as best practice 

 Understanding risk of delivery and alternative options 

 Simple to understand and explain to stakeholders 

 

 

 

 

 

5. Risks (with the lead) 
 

Key features 

Building a new model in a challenging timeframe may be difficult.  What are the biggest risks? 

 

Risk 

Capacity of the PWC team and other companies during the development of the model.  There is a lot 
to do within the team and managing the workload at the same time as the development of a new 

WRSE model will be a challenge. 
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Key features 

 

 

 

How would your organisation mitigate these risks?   

 Model should be built with PWC involved, but perhaps via a regular newsletter rather than 

meetings or workshops. 

 

There are different ways to building new models (e.g. Agile/Waterfall).  How involved would you want to be 
during the development of the model?   

 Agile – would want to be involved at key stages 

 

Do you have any experiences of similar projects which have gone well/badly? 

 Core group in WRSE is working well.   

 

Do you have a strategic scheme identified in the Ofwat PR19 draft determinations?  What are the key risks 
for these strategic options and the gated process?  What specifically do you need the model to produce 

and by when. 

 No, although Southern Water does and PWC and Southern Water’s WRMP include bulk supplies 

 

Are there any people you think we need to speak to that can help with this review? 

 Brian Arkell (Atkins) to see if the project can learn from the Framework for drainage and 

wastewater plans 

 CCW 

WRSE has a programme for developing the new investment model.  Does this align with your 
programme? 

 Yes 

Anything else?  Is there anything else you would like to add? 

 No 
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WRSE Investment Model REA Affinity 
Water 
Evidence Collection Questionnaire 

1 August 2019 

Background 
WRSE is developing new tools for the development of the next WRMP.  This will include 
decision making tools to select strategic schemes as well as smaller projects and 
implement policies.  There is an existing investment model which WRSE wishes to 
replace.  WRSE plans to begin the model update in September; however the scope of that 
model needs to be developed.  HR Wallingford and decisionLab have been appointed to 
undertake a review of potential approaches and recommend a way forward.  In order to 
understand all the issues and recommend a way forward, we are adopting a systematic 
evidence review process (Rapid Evidence Assessment).  This questionnaire is designed to 
help collect evidence to inform the review.  

The results of this questionnaire will be considered along with other evidence.  The evidence will be 

incorporated in the REA review report.  Please advise if you would like your responses to be anonymised? 

 

Should the data be anonymised (Yes/No) 

1. Key feature (discussion with Company Lead) 

Key features 

Please summarise what a good investment model would look like for you and your organisation. 

 Model needs to be able to demonstrate why it is doing what it is doing – needs to be a line of sight 

between data inputs, model assumptions and outputs 

 Ability to see how sensitive decisions are to input data (e.g. what different does 5% cost difference 

make to the outputs) 

 Needs to include multi-criteria to demonstrate best value plan 

 Needs to be able to be efficient at deriving a number of portfolios and clarity over those portfolios 

 Inquiry Proof – process needs to be objective 

 Needs to be consistent with guidance 

 Model should not deal with subjective methods – there should be decisions which need to be 

made by planners which influence the outputs 
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Key features 

 

What are your concerns with the current WRSE approach?  Do you have concerns about the integration of 

the simulation/optimisation model?  Do you think this should be an aggregated model (e.g. WRZ)? 

 

 There is concern with current model data and therefore water companies can’t understand why 

the model is producing certain outputs 

 Utilisation assumptions are not necessarily correct – particularly for complex schemes.   

 There are no “queryable” tables so it is difficult to understand the outputs 

 There are limited schematics of the outputs 

 Water Resource Zones – fine for the foreseeable future – no plans to move away from WRZs for 

the next WRMP 

 In terms of WQ and impact on transfers, there are WQ reasons why water cannot be transferred 
between WRZs.  Therefore model needs constraints on transfers between WRZs but not within 

WRZs 

 

Do you envisage the new WRSE modelling tools to replace your existing models or work alongside them? 
When would this decision need to be made? 

 Affinity will use WRSE model(s) for its WRMP24 

 Affinity may want to be able to run its own model to test the outputs of WRSE 

 

What are your biggest concerns about a new investment model? 

 Model run time 

 Quality assurance of the data going into the model 

 Outputs – what are they going to look like – transparency, will they show what we need 

 

What are your greatest needs from the new investment model? 

 Trust in the data and the results 

 Needs to be consistent with WRP guidance so that it is inquiry proof 

 

Are there “things” that your current model or the current WRSE model do not do at the moment which you 

would want to see? 

 Checking of the input data when doing the scenarios runs so it is clear what factors are being 

changed in the input data and run scenarios. 

 Be able to record version changes to data 

 New model does not need to use leakage costs in model runs. 

 

Comment [FA1]: We also discussed 
the fact that one small change to our 
input data currently entails changing the 
input file and uploading a fresh input file 
into the model. We cannot change data 
or certain parameters instantly in the 
model 
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2. Input Data 
We want to understand the data you have to input into an investment model.  Taking each input in turn. 

2.1. Baseline Supply (Discussion with supply experts) 

Supply 

What supply data do you currently have?  For instance are the data deterministic/stochastic or does it 
vary?  What is your future intention?  Will simulation data come from the WRSE simulation model?  How is 

climate change incorporated? 

 Initial round of modelling will be based on current data  

 Affinity uses stochastic data for evaluating groundwater levels and DO based on the existing 
WRSE data set.. Affinity will need improved stochastic data to understand benefits of strategic 

options on the R. Thames 

 

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 
to improve it? 

 Currently supply data via a spreadsheet and there are no current issues 

 

How do you deal with Outage/process losses etc?  Is supply net of outage or gross?  Are there outage 

options which need to be modelled? 

 Outage and process losses are calculated separately 

 

 

Source:  <Insert Source or notes> 

2.2. Baseline Demand (with demand forecasters) 

Demand 

What demand data do you currently have?  For instance are the data deterministic/stochastic or does it 
vary?   

 Produced 4 different housing and population forecasts and then medium high and low. Population 

forecast drives demand forecast so medium, high or low can be used to generate a different 

demand forecast  

 Demand data can be provided as a discrete distribution  

 

How do you supply these data to WRSE at the moment?  How easy is this process?  What could be done 
to improve it? 

 Data is provided in a spreadsheet.  There have been issues with version control of the demand 

data. 

 It would be better if the model had all the demand data and the user selected the different 

forecasts, rather than emailing forecasts to the modeller for each scenario run 

Comment [FA2]: Something to add 
on demand is that knowing in advance 
exactly what is required by WRSE will 
help us set up our demand forecast 
modelling accordingly 
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Demand 

 

Are there any particular features of demand forecast which you think will change or could be improved?  

 No but WRSE will produce new population figures  

 

Do you provide baseline demands to WRSE or do you include policy adjusted data (e.g. compulsory 
metering, leakage policies). 

 Company will include AMP7 targets in baseline demands but will reflect the uncertainty in THR 

 

2.3. Leakage (with leakage experts) 

Leakage 

How do you calculate baseline leakage?  Is baseline leakage linked to the demand forecast? Is the 

baseline demand forecast aligned with current leakage targets? Do you plan to change this? 

 Demand forecast will include current leakage targets (AMP7) in baseline 

 Do not want to have cost curves for leakage in new model.  Slows model down and can reduce 

transparency in cost evaluation 

 

How do you calculate SELL and future leakage targets?  Does the WRSE modelling inform your future 

leakage targets?  Should it? 

 WRSE model should be offered programmes for leakage reduction (and PCC).  These would be 

costed programmes to reduce leakage by incremental changes (e.g. £1m for 1 Ml/d, £3m for 

2Ml/d) etc. 

 Model should be able to select the best programme to meet the company’s policy and also the 
best value plan for the region.  The new model should be able to test if reducing leakage below a 

company’s policy is part of a regional solution. 

 Cost allocation becomes complex – for instance if regional solution includes Affinity Water making 
greater reductions than its own policy, then how is cost of that attributed? 

 

Are future leakage targets an input into your own/WRSE’s modelling or an output?  

 An output, based on the programme of leakage reduction which the model will be offered 

 

Is leakage linked to other policies (e.g. PCC/demand reductions?).  Does the new investment model need 
to “think” more holistically about leakage and PCC targets (e.g. as we move to smart metering). 

 Model will need to be able to meet policy targets for PCC leakage 

 

 

Comment [FA2]: Something to add 
on demand is that knowing in advance 
exactly what is required by WRSE will 
help us set up our demand forecast 
modelling accordingly 
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2.4. Options (with lead) 

Options 

Are there any concerns with the current approach to options in the WRSE model?   

 Benefits of discharges to the R Thames are not currently modelled (increase in DO from effluent 

discharges)  

 Cost of sewage treatment is not modelled, but not sure how material this will be. 

 Sense check on option constraints and transfers – realistically can you use all the transfers?  If 
you stop one transfer in reality can you turn another one on.  Current model does not adequately 

replicate the complexity of transfers between companies. 

 Model should have utilisation factors for different schemes.  Affinity Water have solved this by 

adjusting fixed opex in modelling  

 

What is the format of the data you present to WRSE?  Do the costs include Fixed opex, variable opex, 

maintenance and initial construction as well as carbon, social costs etc? 

 Resilience needs to be a metric going forward  

 Yield uncertainty is important, particularly in context of complex schemes with multiple companies 

 Cost inputs need to harmonised and simplified – could be reduced to a capex annuity, opex and 

carbon plus (if available) natural capital  

 

With regards to small options (e.g. demand management) how important is it that these options are kept 
separated or can they be grouped together? 

 Can be grouped together for regional modelling 

 

For large options, are there particular concerns, for instance how are costs treated, what about the 
subsequent transfers of water?  Are there different approaches between companies (that you are aware 

of) for the same option?  Is there a risk of double counting when there are shared resources?   

 One company may provide agreed costs for large schemes but the costs should be allocated 

between companies in the model so that WRMPs represent actual company costs 

 Downstream costs (mains re-enforcement) should be linked to a strategic option as a dependent 

scheme 

Do you currently/plan to use MCA.  Which criteria are important?  Do you plan to include more MCA 
analysis?  Is water quality an important metric/constraint which needs to be considered in the optimisation 

modelling. 

 Including MCA in planning is complex and needs to be thought through. Affinity considers that 
MCA neds to be evaluated through comparative benefits analysis (such as parallel axis plots) and 

stakeholder engagement. 

 MCA should include customer preferences, environmental impact, resilience, yield uncertainty 

 Tried to embed WQ in WRE model but did not work 

 

What do you think is meant by resilience in the context of WRMPs?  How do you measure the resilience of 
an option?  How do you measure the benefit of an option to other water users? 
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Options 

 Could be resilience to supply failure – eg outage and drought rather than just drought 

 Will need a common definition of resilience that is agreed by the group 

 

Are the impacts of option selection on bills important?  Is that fully considered at the moment? 

 Cost allocation is important and difference between least cost and preferred plan needs to be 

understood 

 

Should some options (e.g. transfer options) be treated as cost functions (maybe like leakage) so that the 

model can identify and cost options? 

 Potentially but would slow down the model.  Not an issue for initial modelling. 

 

Are there new options which need to be considered? 

 Catchment management options were screened out of WRMP19 but should be considered for 

WRMP24 and their uncertainty better understood. 

 

Are there options which are not dealt with appropriately by the current model?  Why? 

 No – other than previous issue raised about utilisation assumptions 

 

Do some options need to be forced in? 

 Yes as part of sensitivity analysis 

 

When policy decisions are made (e.g. 15% leakage reduction) should these be part of the optimisation 
process or should companies specify the approach? 

 As discussed earlier, policies should be developed by companies and programmes offered to the 

model., The model should select the programme(s). 

 

 

 

 

2.5. Uncertainty (with lead) 

Key features 

How do you deal with uncertainty in your own modelling now?  Do you plan to change this?  For instance 

do you have PDFs of demand and supply uncertainty? 

 Affinity has used THR and adaptive planning to deal with uncertainty 

 THR is calculated for baseline and final planning 

 

What are the key areas of uncertainty (e.g. demand forecasts, WINEP, costs, policy interventions etc.) 
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Key features 

 WINEP programme  

 Demand forecast 

Given the uncertainty in water resource planning (especially beyond 25 years) there are lots of potential 
futures.  Who should select those futures?  What is the best way to visualise those future?  When are the 

decision points? 

 Futures should be regional (selected by WRSE) but may need to be local for Affinity in their own 

runs to select specific issues. 

 

What is the sort of information you would want to see presented? 

 Schematics for preferred plan but not necessary for all the different futures.  A series of images 

(e.g. for each 5 year step) showing the key elements of the scenario. 

 

Where the future is uncertain do you have data to break down options into phases?  Do you understand 

the trigger points for real options, what are these data (e.g. is it WINEP, PCC reduction, Leakage 

performance)? 

 Yes – they were incorporated in WRMP19 

 

 

3. Outputs 

3.1. Overview (with lead) 

Key features 

If you could draw the ideal output of a model, what would it look like? If you were a customer what would it 

look like?  If you were a regulator what would it look like? 

 Need tables but in addition would be useful to have diagrams showing changes in each AMP 

 

Have you seen any model outputs you like?  Where? 

 No. WRE stakeholder engagement approach was very useful but outputs were difficult to interpret 

 

How will you have confidence in the outputs?  What are the tools you currently use to test the outputs and 
do you have confidence in them?   

 Process for updating data needs to be robust 

 Portal to see, check and validate data needs to be robust 

 External QA of the model will be needed to give confidence 

 Affinity Water would like to be involved in the model development to understand it  

 

Are there issues with confidentiality that need to be addressed?  Should everyone be able to see all the 
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Key features 

outputs?   

 Current approach is okay. 

 Affinity would be happy for EA to have access to the model outputs 

 

Do you use the existing WRP tables to check data or provide information?  Are these tables useful? 

 Tables are okay – but not sure which tables should be presented for different adaptation pathways 

 

How do you deal with Target Headroom at the moment?  How would you deal with it in the future?  For 

instance is THR affected by options selection? 

 Affinity does use THR for baseline and updates it for final plan 

 

 

 

4. Performance 
 

Key features 

What is a maximum time you would consider reasonable from asking for a run and getting results? 

 A few hours for one scenario 

 

Are quicker/less accurate results useful to test scenarios? 

 Possibly – but would need confidence in the results 

 

Do you want to be able to run the model from your PC for your company?  Would it be you or a supplier? 

If a web-based model was developed would you be able to access it?  

 Affinity would want to run the model themselves or have access to a supplier who can do it when 

needed 

 There may be problems accessing a website but these can normally be overcome  

 

Are there any investment models you are aware of that currently or could potentially meet the needs of 

WRSE?   

 No  

 

Are there any internal IT issues you can foresee?  How do we address these?  Do you want the model to 
link to some of your own models directly?  Which ones?  What are the platforms for these models? 

 No  if data is uploaded to a web portal then no need to link to other models. 

 

Can you provide relevant policies which might impact on this project (e.g. IT security)? 



 
 

 

 

WRSE Investment Model REA Affinity Water 

Evidence Collection Questionnaire 

1 August 2019 9

Key features 

 NOT asked – Andrea  could you check? 

 As discussed previously, we might have issues in accessing some webpages due to IT security  

 

The intention is to have simulation and optimisation models. Do you prefer an integrated single model 
(perhaps making errors less likely) or two models (perhaps allowing more flexibility) 

 Not too concerned but need to be integrated to prevent errors and double-handling of data 

 

Should we consider the cost of failure of water supply in the modelling?   

 Not discussed – Andrea do you have any thoughts on this? 

 It might be useful as one of the metrics for MCA 

 

 

In the longer term how do you see the model developing?  What’s your expectation for 5 years and 10 
years’ time? 

 Model should be built in a modular format to meet deadlines. There is no expectation of significant 

changes to WRP meaning we need to allow for changes in the model build. 

 

What are the five words that are most relevant to your organisation and the investment model? 

 Clarity 

 Trust 

 Outputs 

 Transparency 

 

 

 

 

5. Risks (with the lead) 
 

Key features 

Building a new model in a challenging timeframe may be difficult.  What are the biggest risks? 

 

Risk Mitigation  

Programme risk Having a good team 

Governance of the model build 

Develop over a period of time to meet WRSE and company 
requirements 

Not owning the model means limited Affinity should be involved during the model build 

Comment [FA3]: This is a key risk 
and should be emphasised. The project 
team will need to have an excellent 
understanding of the programme to be 
able to meet all the requirements 
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Key features 

ability to change the model. 

  

  

  

  

 

There are different ways to building new models (e.g. Agile/Waterfall).  How involved would you want to be 
during the development of the model?   

 Affinity would like to be involved during the build to understand the functionality 

 

Do you have any experiences of similar projects which have gone well/badly? 

 WRE model was very ambitious and the results cannot practicably be used for a regional plan in 

their current format. 

 

Do you have a strategic scheme identified in the Ofwat PR19 draft determinations?  What are the key risks 
for these strategic options and the gated process?  What specifically do you need the model to produce 

and by when. 

 Yes there are strategic schemes.  Model needs to meet the programme set out in the draft 

determinations and IAP. 

 

Are there any people you think we need to speak to that can help with this review? 

 Julien Harou 

 

WRSE has a programme for developing the new investment model.  Does this align with your 
programme? 

 Yes 

 

Anything else?  Is there anything else you would like to add? 

 No further comments 

 

 

 

Comment [FA4]: I think I also 
mentioned Jim Hall 
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Attendees   

Geoff Darch James Adamson Mason Durant 

Andy Ball   

Apologies   

None   

 

1. WRE approach Action 

1.1. GD confirmed that the WRE approach was to use Robust Decision Making (RDM) 
to determine which of a series of candidate programmes were robust to different 
scenarios. 

1.2. The approach included the needs of agriculture and power generation. 

1.3. RDM included a range of different futures and the candidate programmes were 
compared to metrics including CAPEX, OPEX, Environmental Flow Indicators (EFI), 
SEA and carbon measures as part of the short-listing. 

 

1.4. Each candidate programme was compared to the agricultural and power demand, 
and considered how much of that demand was met. 

1.5. The approach to developing the preferred plan included a two day workshop with 
multiple stakeholders where different candidate programmes were reviewed.  This 
approach proved to be important and helpful.  There was a series of discussions to 
compare trade-offs between stakeholders  

1.6. Multi Criteria Search tools were used – including Pareto Optimal Portfolios.  This 
was helpful.  Criteria included EFI, carbon and resilience. 

1.7. Over 400 different scenarios were identified, including different estimates of WINEP, 
climate and population. 

1.8. The final step included stress testing shortlisted candidate programmes.   

 

2. Key learnings 

2.1. Stakeholders were initially over-awed by the multiple different scenarios and candidate programmes.  
There was a lot of data to review and tools were needed to help stakeholders understand the outputs. 

2.2. Quantifying the percentage of time the system failed against reducing return periods proved to be 
helpful. 

2.3. Producing maps was a useful way of presenting the results along with the use of PolyViz plots.  The 
use multiple criteria helped shortlist the preferred portfolios. 

WRSE call with Geoff Darch 

Venue: Phone 
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2.4. It would have been helpful to have spent more time up front deciding exactly what WRE wanted the 
modelling to achieve.  This would have reduced the amount of time at the end of the project. 

2.5. WRE did not include sufficient options, so this constrained the outputs of the model.  Under some 
scenarios all options were selected. 

2.6. The approach did help to answer the question “what would win-win look like”.  Enabling all 
stakeholders to understand the benefits of different programmes to the environment, water companies 
and other abstractors. 

2.7. WRE may not include demand management as options in the future, but instead embed demand 
management in the baseline and then make the supply options available.  The fact that government 
policy is influencing leakage and demand management options means that using an economic 
optimisation routine is less important than in previous WRMPs. 

2.8. Environment Agency and Natural England were involved throughout the process and understood the 
approach as a result.  Ofwat were invited but did not become involved. It was felt that Ofwat did not 
get the benefit that the EA and NE had experienced.  Going forward regulators need to understand the 
process. 

2.9. The CCG for each company were not as involved as EA and NE but the approach and results were 
explained to them. 

2.10. The current model does not programme when options are needed.  This is being reviewed for 
WRMP24.  
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Andrew Ball

From: Andrew Ball
Sent: 13 September 2019 13:09
To: 'Bardsley, Louise'
Subject: Call Notes

Dear Louise 
 
Thank you for taking the time to discuss the WRSE modelling yesterday.  Below is my summary of the call, but please 
amend it if I have missed anything or got anything wrong.  You kindly offered to send me a list of the most useful 
Natural Capital trials. 
 

 We discussed the types of outputs NE would like to see from a new model.  Maps were considered as 
important,  Initially to understand where the options are, (the routes of pipelines and other physical assets) 
but also to show the context of these assets against designated sites and areas so that assessments could 
be made of the impacts of the plan on designated sites (ecology and landscape). 

 We discussed the inclusion of Natural Capital accounting and that there is good evidence being collected, but 
that this is not yet regional.  We discussed that it was still difficult to calculate the total natural capital of a 
programme, but that it may be possible to calculate the natural capital of an individual scheme, and this could 
be used in the model.  Essentially at the moment Natural Capital is qualified or conceptual rather than 
quantified for much of the WRSE area.  There are good examples (e.g. Manchester City Council).  We should 
ensure that the model allows for the inclusion of natural capital accounting when more thorough data is 
available.  We also discussed that Natural Capital accounting is a means to achieving the policy of 
environmental gain and not a policy in its own right. 

 We discussed the importance of data in the model, specifically the importance of cost data, which should be 
realistic and include mitigation.  You cited examples of where there were schemes which were unrealistic 
(e.g. transfers), but also examples of good work (e.g. SEW). There is concern that scheme designs need to 
be properly reviewed before they are included in the model as costed options.  

 You mentioned the need for mitigation costs, which were often not included in option costs, resulting in 
underestimates of costs.  These mitigation costs could be opex or capex.  It is important that they are 
included in costs, but you don’t need the costs explicitly stated (i.e. they can be included in the rest of the 
opex/capex costs) 

 The delivery date needs to be realistic.  There are options which have unrealistic delivery dates.  Deliverability 
risk should be considered in the modelling. 

  If regional plans become statutory plans (as seems likely) the need for them to be transparent and 
understandable increases.  Also HRA and SEA becomes  a legal requirement.  The modelling should be 
influenced by the SEA throughout the process and not just at the end.  This means only viable options should 
be included in the modelling.   

  The outputs of the model will need to show that there is a plan which meets legal obligations, such as SEA, 
HRA, NERC and does not impact on habitats such as MCZ.  Showing environmental net gain in the preferred 
regional plan will be important. 

 
If there are any key points that I have missed please let me know.   
 
Thank you again for your time and I hope your back is better soon. 
 
Regards 
 
Andy 
 
Andrew Ball 
Technical Director, Flood and Water Management 
 
E: a.ball@hrwallingford.com 
T: +44 (0)1491 822310 
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HR Wallingford 
Howbery Park, Wallingford, Oxfordshire OX10 8BA, United 
Kingdom 
T: +44 (0)1491 835381     F: +44 (0)1491 832233 
www.hrwallingford.com   



 

 

 
WRSE Investment Model Review 

REA Report and Proof of Concept Modelling 

FWR6187-RT001-R02-00  

C. Inception meeting with Meyrick Gough 
  



 

 Minutes

Attendees   

Meyrick Gough   

Andy Ball   

Chris Counsell (part)   

 

Apologies   

None   

1. Background to the Project Action 

1.1. Meyrick described the background to the project.  There was a discussion about the 
existing model, and the concerns with it.  These are: 

1.2. The model has developed overtime and is not the right platform for the future.   

1.3. There are concerns about the governance of data within the model and a lack of 
understanding regarding the representation of existing supplies and future options in 
the model.  For instance some of the transfers have been found to be incorrectly 
modelled.   

1.4. WRSE has a complex supply demand balance and there needs to be a single plan 
to address this. The current model is not consistent with UKWIR guidance. 

2. Needs of the model 

2.1. The new models need to be more auditable than the current model.  The approach 
to WRSE needs to build on the methods set out in the ITT (i.e. developing a 
resilience framework, regional system simulation modelling, developing policies 
preferences and plans). 

2.2. Data is a key issue for WRSE.  There needs to be a system to verify, manage and 
report the data.  The current approach of emailing data to Jacobs is not what is 
needed going forward 

2.3. There are separate projects being let by WRSE for the other key elements (e.g. 
option consistency) 

2.4. The model needs to consider uncertainty (e.g. cost uncertainty) and make sure that 
cost data is based on appropriate approaches (e.g. Green Book) 

2.5. Outputs need to be clear.  Trevor Bishop is leading a separate strand of work on 
stakeholder communications. 

2.6. MCA needs to be considered carefully.  For instance customer preferences need to 
be carefully considered.  MG cited an example from SWS where customer 
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preferences (e.g. a low ranking for desalination) had initially been used to exclude 
desalination schemes, but that the researchers later confirmed that customers were 
happy to have a mix of sources.  

 

 

3. Example modelling approaches 

3.1. MG cited the work by Atkins for SWS and suggested we contact Atkins to discuss 
the approach.   

3.2. MG was not aware of any other examples where the combination of Adaptive 
Pathways and Real Options had been combined in any sector. 

3.3. MG stated that the new model should reflect the needs of WRSE and he did not 
want to unduly influence the outcome of the review. 

4. Programme 

4.1. MG set out that frameworks would need to be used to procure the modelling to 
ensure that delivery dates could be met.  This would maximise the investment 
model build time, which should be reflected in the report 

4.2. MG explained he was on leave for two weeks from the 6 Sept.  MG explained the 
roles of Anna Wallen and Doug Hunt on the project, and that in his absence we 
should liaise with Anna.  AB said he would issue a short note to MG updating him 
before the 6 Sept. 

4.3. MG suggested 23/24 Sept for workshop dates but that there were existing meetings 
on that date.  AB to liaise with Monica at Atkins to find suitable date. 

<Insert> 
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D. Atkins Hydra platform and EBSD model 
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Andrew Ball

From: Batchelor, James <James.Batchelor@atkinsglobal.com>
Sent: 20 August 2019 11:26
To: Andrew Ball; Chris Counsell
Cc: Arkell, Brian; Upton, Neil; Petch, Lauren
Subject: Hydra platform

REMINDER: Do not click links or open attachments unless you recognise the sender and know the content is safe. Please contact 
ISS Helpdesk if you have a concern. 
This message has been scanned by Forcepoint Cloud Email Security and Content Control. Click here to report this email as spam. 

 

Hi Chris, Andy, 
  
There is a website for Hydra here - http://umwrg.github.io/HydraPlatform/index.html . This along with the GitHub 
repository has quite a bit of information on the technical side of Hydra. 
  
My main experience of using it is for Anglian Water’s EBSD model, which Manchester also developed. Though we 
ended up doing a lot of the analysis offline the web-interface includes a lot of useful functionality (interactive 
graphs/tables, a web map interface, job queues, scenario builder, etc..). Manchester have also developed a Pywr 
interface for Hydra. I have not used this myself but there are a couple of old video tutorials here - 
https://www.youtube.com/channel/UCpI2-6eAyIT0oak-65uW9uA/videos 
  
Separately, Manchester have developed Polyvis (http://www.polyvis.org/), which was used by WRE for the multi-
criteria assessment of the option portfolios identified by the WRE simulator. 
  
Thanks, 
  
James  
 

 
This email and any attached files are confidential and copyright protected. If you are not the addressee, any dissemination of this communication is strictly 
prohibited. Unless otherwise expressly agreed in writing, nothing stated in this communication shall be legally binding. The ultimate parent company of the 
Atkins Group is SNC-Lavalin Group Inc. Registered in Québec, Canada No. 059041-0. Registered Office 455 boul. René-Lévesque Ouest, Montréal, 
Québec, Canada, H2Z 1Z3. A list of Atkins Group companies registered in the United Kingdom and locations around the world can be found at 
http://www.atkinsglobal.com/site-services/group-company-registration-details 
 
Consider the environment. Please don't print this e-mail unless you really need to. 



1

Andrew Ball

From: Andrew Ball
Sent: 12 September 2019 10:51
To: James Adamson
Subject: FW: Investment Model description

 
 

From: Petch, Lauren [mailto:Lauren.Petch@atkinsglobal.com]  
Sent: Tuesday, August 20, 2019 2:48 PM 
To: Chris Counsell; Andrew Ball 
Cc: Upton, Neil; Batchelor, James; Arkell, Brian 
Subject: Investment Model description 
 

REMINDER: Do not click links or open attachments unless you recognise the sender and know the content is safe. Please contact 
ISS Helpdesk if you have a concern. 
This message has been scanned by Forcepoint Cloud Email Security and Content Control. Click here to report this email as spam. 

 

Hi Chris, Andy, 
  
Please see below some info on the investment model, let me know if you have any other questions. 
  
  
Atkins have developed an Investment Model capable of modelling both EBSD and Real Options scenarios. The 
current version of the model was extended from previous EBSD applications to apply a Real Options approach for 
Southern Water’s WRMP19 and can be easily switched between EBSD and Real Options with control over the 
branching configurations. The model can alternatively branch on multiple SDB scenarios or specific future outcomes. 
The SWS WRMP19 approach used SDB scenario generator model outputs to model the range of SDB futures. 
  
The Real Option model is developed in Python using open source Python packages. The optimisation uses the COIN-
OR CBC solver. This is an open source mixed integer programme written in C++. Using this package, the model 
minimises the objective function (i.e. total NPV cost) within the set of defined constraints. An alternative 
optimisation solver could theoretically be implemented in the model to allow for greater flexibility in the 
optimisation, for instance, multi-objective optimisation. However, this has not yet been fully tested. 
  
Data inputs are defined through a set of Excel workbooks that are parsed into a series of yaml files to for each 
scenario model run although this is adaptable.  
  
As with many complex modelling packages run times can be an issue when dealing with large investment modelling 
problems, particularly if there may be multiple potential solutions for solving the deficit. The model has been 
applied to the SWS region which is one of the larger and more complex areas in WRSE and was also piloted for 
Thames Water.  
  
As outlined, the model has been applied in an EBSD or Real Options context however, the flexibility of the tool 
means that it has potential for development to meet an adaptive planning approach. This could be through a series 
of wrapper modules to run and analyse the results of successive Real Options or EBSD scenarios around specific 
turning points for an adaptive plan. 
  
  
Best Regards 
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Lauren Petch  

Environmental Scientist 

 

ATKINS  

Epsom Gateway, 2 Ashley Avenue, KT18 5AL  
 

TEL: +44 (0)1372 756214  
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