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1. Introduction 
The WRSE Regional Simulator scoping exercise included a review of the model sign-off process and proposed 
a revised approach in the event that sign-off for all outputs could not be achieved. As part of the review an 
initial assessment of model performance criteria that could be used to calibrate and validate the simulator was 
undertaken by interviewing specialists from each WRSE company. Due to the timescales available during the 
scoping phase it was not possible to fully explore these areas or collectively address the corresponding 
feedback on the draft report (outlined in Section 4.2.1 of the scoping report). Therefore, an early start task was 
commissioned ahead of the main simulator development programme with the following objectives: 

• Review the latest simulator development programme and timescales 

• Define the simulator sign-off process 

• Define the model performance framework – identify key validation and performance requirements 
 
Central to this task was a workshop held on 9 December 2019. Representatives from four of the six WRSE 
companies were available to attend (apologies were received from Affinity Water and SES Water); the minutes 
are reproduced in Appendix A. 
 

2. Simulator development programme 
The latest1 simulator development programme is shown in Figure 2-1. This programme now sits centrally with 
the WRSE team and has not been updated as part of this work. It has however been used to shape the sign-off 
process proposed in this addendum and the outputs are intended to be fed back into the programme, for 
example the suggested timing of review stages (Figure 3-1). 

 

                                                      
1 Provided by Meyrick Gough via email on 29/01/2020 



 
 

 

 

Contains sensitive information 
1 | 2.0 | 19 February 2020 

Atkins | WRSE Phase 1 Addendum - Sign-off 
Process_v2.0_Final Page 5 of 28 
 

 

Figure 2-1 - Latest WRSE Regional Simulator Programme 

Key WRSE milestones influencing the development of the simulator, as highlighted during the workshop, are 
shown in Table 2-1. These have also been used to help shape the sign-off process (described in Section 3). 
Note that some of this information has not yet been incorporated into the programme and therefore may not 
perfectly align with Figure 2-1. 

Table 2-1 - Key simulator development milestones 

Milestone Date 

Budget released for regional simulator development April 2020 

Resilience Framework method issued for consultation (this provides 
the metrics required from the regional simulator) 

March 2020 

WRSE climate datasets issued April 2020 

New strategic options issued September 2020 

All other options issued December 2020 

Complete the regional simulator development (Phase 2) December 2020 

Complete initial regional simulator outputs for the start of investment 
planning runs (Phase 2) 

December 2020 

Complete the testing of portfolios emanating from the investment 
planning for company review (Phase 3) 

March 2021 

Final sign-off of outputs by company CEOs Summer 2021 

Incorporate regional outputs into company Draft WRMPs August 2021 
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Provision of optimised operational rules (from the regional simulator) January 2022 

Completion of Demand workstream TBC 

 

3. Simulator sign-off process 
The sign-off process was discussed in detail during the workshop. An outline of the proposed format is provided 
in Figure 3-1 and some more detail is provided in the following sections. This assumes that commencement of 
activity will take place in March / April, which may be subject to risk if there are delays in procurement etc. 
There is little headroom in the programme for catching up if there are delays to any of these tasks, and hence 
de-scoping may be required if delays occur. 
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Figure 3-1 - Overview of proposed sign-off process
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3.1. Technical Working Group 
It was agreed that a Technical Working Group would be formed with the following broad responsibilities: 

• Assist the developers with the model structure build / enhancement 

• Review development progress and help to update and reprioritise the development plan where 
necessary 

• Review final outputs and provide technical advice to overall approvers 

More details are provided in Figure 3-1, including a description of activities and outputs. At times it may be 
beneficial to split the group into subregions to allow greater focus and efficiency of checks. The group will meet 
no more frequently than monthly but email and Skype communications are envisaged between meetings, 
particularly during critical periods of development and whilst undertaking simulations. 

As outlined in Figure 3-1, during the simulator development phase the review will cover four aspects: 

1. Performance against model framework (Section 3.1) 

2. Functionality against scope, for example the ability to run stochastic datasets or the performance of 
output visualisation tools (Scoping Report) 

3. Progress against the latest programme 

4. Consistency with other (developing) WRSE workstreams 

Following each review the group will work together to update the development programme to ensure that: 

• Development tasks are appropriately prioritised 

• Activities are still in-line with the programme 

• Outputs are still aligned with the requirements of other workstreams and the overall WRSE assessment 

At the end of the development phase, the group will need to agree what specific roles the simulator will be used 
for, and in which resource zones (RZs) as explained in Section 4.3. Once simulations are underway, the group 
will be required to perform an active role in reviewing the outputs to ensure they meet the requirements of 
WRSE. Whilst Figure 3-1 presents a defined period for the development phase, the reality is that modelling 
runs are likely to highlight the need for some additional development – i.e. the process is likely to have some 
degree of iteration. As long as effective testing has been carried out any additional development should be 
relatively limited. Led by the developers, the group will be required to produce clear documentation and 
presentation materials to guide the overall reviewers and provide a robust audit trail (Section 5). 

Each company has already put forward representatives for the group, as shown in Table 3-1. The membership 
will be finalised at the start of Phase 2. 

Table 3-1 - Technical Working Group representatives 

Organisation Technical Working Group 
Representative(s) 

Overall Authorised 
Signatory / Approver  

Affinity Water Doug Hunt, Andrea Farcomeni Doug Hunt 

Portsmouth Water Matt Stevenson Liz Coulson 

South East Water Andrew Halliday & Brad Evans 
(SEW) supported on technical 
areas by HR Wallingford 

Lee Dance 

Southern Water Dan Wykeham, Faisal Butt Nick Price 

SES Water Alison Murphy Alison Murphy 

Thames Water Peter Blair Tony Owen 

WRSE Meyrick Gough, Anna Wallen, 
James Tomlinson 

Meyrick Gough 
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3.2. Review tools 
As outlined in scoping, during Phase 2 it will not be possible to develop a full user interface for Pywr which 
allows companies to easily edit and run the model themselves. This functionality will need to be developed 
later, in Phase 4, although this has not yet been scheduled. This means that any company wanting to run the 
simulator during this period will need to use Python code. However, a visualisation tool will be developed to 
display model outputs and allow companies to review and explore the model results and model operations in 
detail. The tool will play a central role within the Technical Working Group progress reviews. 

3.1. Revised Plan 
The workshop identified that a revised plan including some degree of de-scoping or prioritisation of functionality 
and use of the simulator may still be required; however the simulator will need to be “signed-off” for the 
purposes for which it is used. As described previously in Figure 3-1 and Section 3.1, in the final development 
review the Technical Working Group should agree the roles the simulator will be used for, and in which RZs it 
can satisfactorily fulfil these roles. Further consideration to this approach, including the supporting information 
that can be used should the current scope not be feasible, is provided in Table 4-3. 

4. Model performance framework 
One of the key roles of the Technical Working Group will be to review the performance of the regional simulator 
to ensure there is sufficient confidence that the outputs can be used for the WRSE regional plan.  

4.1. Current company approaches 
There are already a number of longstanding robust water resources models and water resources modelling 
processes in use in the WRSE region. Therefore, in the December workshop information was collated about 
how each company calibrated and validated its existing models. This information was then translated to a draft 
model performance framework for the regional simulator. The outputs from the workshop are shown in the two 
tables included in the workshop minutes in Appendix A. The company table is reproduced in Table 4-1 with 
some additional information collated subsequent to the workshop. 

All of the metrics identified are typical of those used in water resources modelling and can be easily outputted 
from modelling packages such as Pywr. The calibration and validation approaches described were also 
commonly used, albeit there were some differences in how the performance levels were actually measured and 
accepted across the WRSE companies. This is a key consideration for the regional simulator model 
performance framework and is discussed further in Section 4.2. 

Table 4-1 - WRSE company calibration and validation procedures 

Company Performance 
metric 

Priority Calibration / validation 
approach 

Acceptance 
criteria 

Roles and 
responsibilities 

SWS Reservoir levels High Sense checking of model 
behaviour against expected 
behaviour 

Qualitative – 
timing and 
magnitude 

Within team 

River flows High 

Available 
abstraction / 
demand met 

Med 

Deficits – timing 
and scale 

Med 

Thames 
(WARMS2) 

River flows High 2006-10 (recent and dry) 

Compare flow duration curves / 
statistics versus actual 

15 locations (5 on the Thames) 

Semi-naturalised 

Good 
statistical fit 

Focus on dry 
period (low 
flow stats) 

Independent 
review 
(consultant) 

Reservoir levels Med 2006-10 Qualitative Thames team 
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Company Performance 
metric 

Priority Calibration / validation 
approach 

Acceptance 
criteria 

Roles and 
responsibilities 

Representative demand in 
London 

Aquifer levels Med Plan to compare to observed 

  

Thames 
(IRAS) 

DO – drought 
libraries 

High (in use) DO Vs WARMS2 

Adjusted IRAS DO to 
WARMS2 for investment 
planning (Linear regression) 

Hydrology lumped vs WARMS2 
– impact on calibration 

Qualitative Independent 
review 
(consultant) 

River flows High (in 
development) 

Compared against actual data 

 

SEW 
(Kestrel-
HRW) 

Daily river flows, 
reservoir levels 
(Kestrel) 

High (Kent & 
Sussex only) 

Simulation model should 
calibrate well to Kestrel 

Quantitative SEW team 

Annual 
groundwater levels 
(regression 
models) at 
indicator sites 
(upto14) 

High, but 
based on 
drought 
vulnerability 
so can be 
prioritised 
(high priority 
Kent and 
Sussex) 

Indicator sites should calibrate 
well (especially Kent and 
Sussex) 

Quantitative SEW team 

Deficits (demand 
not met) 

Particularly 
Kent and 
Sussex 

Focus on Kent and Sussex Quantitative SEW team 

POR DO, groundwater 
levels 

High Compared against actual and 
historically derived values 

Qualitative and 
quantitative 
(statistics) 

Internal and 
external 

River Flow Medium Compared against actual and 
historically derived values 

Qualitative and 
quantitative 
(statistics) 

Internal and 
external 

Reservoir Medium Havant Thicket - planned Quantitative Internal and 
external 

SES Flow High Comparison against previous 
models and historic low flows 

Quantitative Undertaken by 
consultants 

Groundwater High Comparison against EA 
London Basin Model. 

Quantitative  

AFW Groundwater High Confirm that the ADO 
generated from the model is 
comparable under the design 
event 

Quantitative AFW team 

Effluent returns 
and abstraction 
impacts on rivers 

Medium Confirm algorithms are working 
as expected 

Qualitative AFW team 

  

4.2. Regional simulator approach 
A summary of the metrics and calibration and validation approaches proposed for the regional simulator is 

given in Table 4-2 and further detail and rationale is provided in the following sub-sections. It will not be 

necessary for all of these metrics to be checked across all parts of the simulator, as this would be inefficient. 
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Comparisons should focus on key nodes and metrics, which will vary across different parts of the model and 

according to the outputs of other WRSE workstreams. Examples include the Resilience Framework, which we 

understand will define the WRSE resilience performance metrics, and the Options workstream which will define 

the strategic options for testing (noting that the simulator itself will be used to identify transfer and operational 

change options). This targeted approach to the simulator review is set out later in Table 4-3.
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Table 4-2 - Model performance metrics and calibration / validation approaches 

Data type Metric Model conditions Calibration / validation approach Acceptance criteria Efficiency steps Other specific metric considerations 

Time series River flow 1. Use identical / 
comparable 
(i.e. mapped 
across where 
there are 
structural model 
differences) 
input data to 
the water 
company 
model, for 
example 
historic inflows, 
agreed demand 
levels etc. 

2. Spot check a 
number of 
WRSE 
scenarios in the 
simulator and 
water company 
model. This 
phase must be 
limited in 
scope, 
dependent on 
water company 
resources and 
accepting of the 
fact that not all 
models are able 
to easily adapt 
to new and / or 
challenging 
conditions. 

Compare using: 

1. Hydrographs / timeseries 
plots (daily and rolling 
averages) 

2. Summary statistics 

3. Flow / storage duration 
curves 

4. Double mass plots 

5. Where appropriate, relevant 
goodness of fit statistics, e.g. 
NSE 

The tests will be largely 
qualitative but quantitative 
tests (including specifying 
thresholds) may be applied 
once the Technical Working 
Group is meeting and the 
potential performance level 
of the simulator becomes 
clearer. Therefore, the key 
objectives will be to: 

1. Achieve a good visual fit 
in plots 

2. Achieve goodness of fit 
statistics that are 
commensurate with the 
type of data and 
modelling approach. 

 

 

• Automated 
validation 
process 

• Focus on 
downstream 
nodes 

• Focus on 
critical metrics 
and sites (see 
Table 4-3) 

• Constrain 
number of 
WRSE 
scenarios for 
comparison 

 

Focus on downstream river reaches as these 
will incorporate the behaviour of upstream 
nodes (river reaches and assets) 

Reservoir level  

Aquifer level This only relates to one model (Thames Water 
WARMS2) and is dependent on dynamic 
groundwater simulation being deemed as a 
priority here in the WRSE simulator 

Transfer flow Focus on existing connections but review 
future behaviour where possible. 

Abstraction rate Focus on environmentally sensitive sites 

Supply-demand deficit 
rate (i.e. occurring 
during failures) 

 

Influences (if 
simulated) 

Could be a comparison of WRSE simulation 
vs company denaturalisation process 

Frequency Levels of service / 
drought trigger 
crossings 

Output return period / annual 
probability of crossing triggers. 

For the regional simulator this 
should involve both the historic 
and stochastic datasets (which 
should have the same 
characteristics with climate 
change effects excluded). 

Results show good levels of 
agreement. Thresholds may 
be applied once the 
Technical Working Group is 
meeting and the potential 
performance of the simulator 
becomes clearer. 

• Focus on 
critical metrics 
and sites (see 
Table 4-3) 

• Constrain 
number of 
WRSE 
scenarios 
compared 

Can only relate to triggers that are simulated 
in both the WRSE simulator and company 
models. 

This will need to take into account the 
treatment of drought interventions such as 
supply options and drought permits and 
orders. 

Failures (i.e. 
emergency storage / 
dead water) 

Analyser 
outputs 

Deployable output Full historic sequence and 
selected events 

Results show good level of 
agreement. Thresholds may 
be applied once the 
Technical Working Group is 
meeting and the potential 
performance of the simulator 
becomes clearer 

• Constrain 
number of 
WRSE 
scenarios 
compared 

 

In some cases, e.g. for Thames Water’s 
London and SWOX RZs, it will be necessary 
to sequence the analysis as per the company 
approach. This requirement will need to be 
considered integrally to regional simulator 
design and development. 

Care will be required to ensure that updated 
base year DOs do not lead to supply-demand 
balance deficits. 
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4.2.1. Data type 
As shown in Table 4-3, there are three main types of data; time series, frequencies and the results from 
iterative DO tests. The size of datasets required for comparison from the company models will need to be 
limited to the historic record and a small sample of the WRSE scenarios (around three, aiming to cover a broad 
range of the overall uncertainty). 

4.2.2. Metrics 
A large variety of metrics are included in the framework but all are commonly used for assessing water 
resources model performance and easily outputted. As noted already, the Technical Working Group will need 
to focus on the nodes and metrics of particular importance to each simulator role and RZ. 

4.2.3. Model conditions 
In the scoping exercise the focus of model calibration and validation was on recreating the existing conditions in 
the water company models using historic inflows, planning demands, current system configurations etc. 
Following this, the regional simulator would then be switched across to simulate the new conditions in the 
WRSE scenarios. However, on reflection there is a high likelihood that companies will also want to check some 
of the simulator outputs for the new WRSE scenarios, for example a 1 in 200 year drought event, against what 
their own model might simulate. 

As noted in the scoping study, the design of the simulator is governed by a series of trade-offs, the most 
important of which is system detail and accuracy versus run speed. Another crucial consideration is model 
flexibility and adaptability. Creating a regional simulator which both: (i) has a good match against water 
company models using the same input data; and (ii) adapts to the new types of conditions that will be present in 
the WRSE scenarios; is significantly more challenging than simply reproducing the existing water company 
model outputs. There is an important trade-off between these two objectives that will need to be understood 
and appreciated by the Technical Working Group, and factored into the review. 

The main reason for this challenge is that company water resources models and their real operational rules 
have all been developed using historic conditions (sometimes focussing on only a single drought event) and 
WRMP planning assumptions such as “dry year demand”. Introducing new patterns and severities of droughts 
and climate change perturbations can cause significant issues with the rules contained within water resources 
models. Determining DO with demand levels that are much higher (for example because there is a new transfer 
in place) or lower (for example because a 1 in 500 year drought event is being tested) than have been 
simulated before can also cause issues for the physical network components in the model, for example meeting 
minimum flow constraints where there is insufficient supply, or demand, or exposing omitted maximum flow or 
licence constraints that haven’t previously been required. 

Overall this has two important implications for the model performance framework: 

1. The additional requirement for the regional simulator to adapt to a wide range of conditions will need to 
be factored into the review against company models and associated input data. 

2. If the regional simulator is required to be tested against water company models using the WRSE 
scenarios, significant modification to the water company models may be needed in order to achieve 
sensible results (and it is assumed this would be carried out by the water companies themselves). This 
will significantly constrain the number of WRSE scenarios that can be compared in the time available 
and will increase the level of input required from company modellers. 

4.2.4. Calibration / validation approach 
As outlined in Table 4-2, data from the regional simulator will be compared using a variety of commonly used 
visual and statistical aids. As noted below in Section 4.2.6, it is recommended that these checks are all 
incorporated into a validation tool to ensure a consistent and efficient review process. Where goodness of fit 
statistics are used, care will be required to ensure that any apparent differences for metrics such as river flow or 
abstraction are not simply due to the models being “out of phase” as they can have a tendency to hunt around 
for water on a daily basis; this can usually be resolved by comparing weekly, monthly or annually averaged 
data. 
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4.2.5. Acceptance criteria 
There is the temptation to set upfront quantitative thresholds for each metric, for example percentage 
tolerances for RZ DO, the slope of the flow duration curves or cumulative low flow volumes. There are also 
commonly used goodness of fit statistics derived specifically for hydrological assessment, for example Nash 
Sutcliffe Efficiency2 (NSE) which scores hydrological model efficiency on a range of 0-1. Scores above 0.7 are 
generally considered to represent a good fit between simulated and observed data. The ‘About Droughts’ 
project was cited in the December workshop as a good example of the use of comparative metrics in relation to 
rainfall-runoff modelling. A number of associated papers provide examples including Rudd et al. (2017)3 and 
Coxon et al. (2019)4. 

During the workshop it was commented that the use of specific thresholds may even be an expectation from a 
public inquiry perspective. As shown in Table 4-2, however, the vast majority of water company models are at 
present checked qualitatively, for example by visual inspection of plots or sense-checking of behaviour. There 
are good reasons for this, including that the calibration of water resources is only really possible when there is 
temporal alignment between the input data, in particular the historic inflows and demands, and system 
configuration. As supply systems and demands change over time, typically this only relates to very recent 
events and not the key historic droughts against which model performance needs to be tuned (the main aim of 
a water resources model is to test current and future system configurations against hydrological uncertainty, 
which until recently has been largely based on historic conditions). 

In this specific case, comparison of the regional simulator versus company models is a little more 
straightforward, as the same conditions can be employed. However, it is still recommended that inspection of 
visual fits using expert knowledge and experience, as will be assembled in the Technical Working Group, 
should form the main basis of the review. 

If the Technical Work Group wishes to introduce specific thresholds, this should be considered early in the 
development process, but with the benefit of an early view of potential model performance. Rather than using 
fixed percentage thresholds across the board, more relative thresholds could be employed which relate to the 
role or RZ of the simulator in question. For example, the difference in DO between the regional simulator and 
the company model for a particular RZ should not exceed base year target headroom for the RZ.  

In some cases it may be desirable to check the regional simulator against actual data, in particular where no 
company model exists. However, in most cases the focus will be on the water company model outputs. Where 
there are significant differences, this may then trigger further checks against actual data and possibly a 
divergence in behaviour from the water company model. This will need to be discussed and agreed during 
Technical Working Group reviews. 

4.2.6. Efficiency steps 
Due to the limited timescales for development, it will be critical to ensure that the sign-off process is as efficient 
as possible. Too much time spent chasing smaller or less relevant gains in performance will reduce the time 
available for developing the crucial aspects of the simulator and producing outputs for the WRSE assessment. 

As noted in Section 4.2.2, whilst there are a wide range of metrics that will be utilised across the overall review, 
the key will be to focus on those metrics and nodes which relate best to the simulator role and RZ under review. 
Focussing checks on downstream nodes means that the operation of nodes further up the chain is also 
accounted for. 

Where comparison of outputs from simulating the new WRSE scenarios is required (Section 4.2.3), the number 
of scenarios tested will need to be constrained and carefully targeted to the types of conditions that are most 
likely to influence the WRSE regional plan. These will need to be formulated and agreed with the Technical 
Working Group early in the process. 

                                                      

2 Nash, J. E. and J. V. Sutcliffe (1970), River flow forecasting through conceptual models part I -A discussion of principles, 

Journal of Hydrology, 10 (3), 282-290 
3 Rudd, A.C., Bell, V.A. and Kay, A.L. (2017) National‐scale analysis of simulated hydrological droughts (1891–2015). 

Journal of Hydrology, 550, 368–385. 
4 Coxon, G.; Freer, J.; Lane, R.; Dunne, T.; Knoben, W.J.M. ;Howden, N.J.K.; Quinn, N.; Wagener, T.; Woods, R. (2019). 

DECIPHeR model estimates of daily flow for 1366 gauged catchments in Great Britain (1962-2015) using observed driving 
data. NERC Environmental Information Data Centre. https://doi.org/10.5285/d770b12a-3824-4e40-8da1-930cf9470858 
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An early step in development will be to formulate an automated validation process in the form of a Python 
visualisation tool. Such a system has already been developed by Atkins to compare a Pywr model with its 
Aquator counterpart. The tool contains a range of salient visual and statistical comparisons and is used to 
monitor and maintain the performance of the Pywr model as both models are developed over time. Each time 
the Pywr model is updated a comparison to Aquator can be made at the touch of a button. In this case the 
content of the tool would be based on the items shown in Table 4-3. 

This tool also contains automated mapping, so that any updates made to the Aquator model can be easily 
propagated to the Pywr model. As those particular models are used together in a suite it warrants the 
development effort required to automate the process. In the WRSE simulator’s case the available development 
window may constrain the extent to which any model to model mapping can be automated, and at this stage we 
are not working with evolving company models. However, the principle of having clear mapping between water 
company model and WRSE model components will still be extremely beneficial to allow the developers to 
quickly identify issues and make the corresponding fixes. 

4.3. Final performance requirement 
As agreed in the workshop, there will be no overall grade that either qualifies or disqualifies the use of the 
regional simulator and its outputs for the WRSE assessment. As outlined in Figure 3-1, the Technical Working 
Group will review the performance of the model in relation to each of the different roles assigned in scoping. 
Table 4-3 provides more detail on how this process can be undertaken across each role; the approach can be 
confirmed by the Technical Working Group in one of the early meetings. 

There will be no predefined alternative plan as such, but supporting options are given should the simulator 
performance be deemed inadequate for a specific role, either at a regional level or in specific RZs. If 
performance is deemed inadequate in any role or area, it should be made abundantly clear that this does not 
indicate a lack confidence in its ability to perform other roles or areas. As outlined in the main scoping 
document, improvement of the simulator would be continued beyond Phase 2 so that the level of performance 
would be higher for subsequent iterations of the WRSE assessment. 
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Table 4-3 - Model performance role review 

WRSE 
simulator role 

Critical metrics (in order of 
priority) 

Supporting options if performance  deemed to be inadequate 

Upfront 
identification of 
transfer and 
operational 
change options 

1. Transfer flow (sensible 
behaviour) 

2. Flow and storage metrics in 
adjoining sources 

3. Supply-demand deficit 
rates in adjoining demand 
centres / RZs 

• Use of the previous Pywr model without any further 
enhancements. The performance of this version of the model will 
almost certainly be exceeded. However, it could provide a 
helpful early view, particularly if there are any delays to simulator 
development. 

• Testing of transfers in water company models, either by 
connecting together models (relatively straightforward in 
Aquator) or by extension of existing models. 

• Assessment of existing model outputs to determine where there 
is scope to place transfers (i.e. corresponding surpluses and 
deficits) – we are aware that there has been some development 
of this by WRSE to date, which could be used to focus attention 
on key locations for potential transfer options. 

Supply forecast 
as investment 
planning input 

1. RZ deployable output • Use of the company model if one exists. Test a subset of the 
WRSE scenarios and infer the results for the remaining ones. 

• Where no company model exists, these RZs are typically non-
conjunctive or relatively simple systems. It is very improbable 
that the regional simulator will be unable to perform to 
satisfactory levels in these RZs, and if this does occur then an 
offline DO assessment should be straightforward. 

• In some cases companies have groundwater based DO 
calculated through spreadsheet simulator type approaches, 
generating specific ADOs. The algorithms will be generated 
outside of the model, but checks are needed to make sure the 
correct outputs are being obtained. 

Conjunctive 
option DO 
benefit as 
investment 

planning input 

• Use of company models to test option DO with a subset of 
options and WRSE scenarios and inferring benefits for other 
options (even with the regional simulator, it is likely that a sizable 
proportion of option benefits will need to be inferred rather than 
modelled). 

• Derivation of non-conjunctive option DO by the options appraisal 

workstream 

Option system 
simulation 
ahead of 
investment 
planning (to 
help prioritise 
data input) 

1. Performance of 
downstream model nodes 
(which encapsulate 
upstream model behaviour) 

2. Performance of nodes 
which are key to RZ 
behaviour, e.g. key 
sources, bidirectional links 

etc. 

3. Performance of nodes 
which are key to capturing 
the wider WRSE 
performance metrics (i.e. 
from Resilience Framework 
workstream – still to be 
established), e.g. 
frequency of customer 
restrictions or interruptions, 
flow or storage at 
environmentally sensitive 
sites. 

• Use other sources of information, and possibly water company 

models, to help prioritise options for investment planning 

System 
simulation of 
portfolios 
emanating from 
investment 
planning 

• Test the performance of portfolios in the corresponding company 
models. 

• Potentially connect together or extend existing company models 
to test in-combination RZ effects (for example of transfer 
options) where there is the facility to do so. 
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5. Quality assurance 
As with all WRSE workstreams, it will be imperative to maintain a clear, transparent and robust audit trail. The 
outcomes of all Technical Working Group reviews, including any resultant development plan updates, should 
be reported directly following the meeting. Clear justification for all development decisions taken should be 
recorded as part of this process. The development of the simulator should be performance-led, i.e. it should be 
clear that each decision has been taken with a view to maximising the performance of the model for its 
specified roles, required WRSE performance metrics and in the RZs which are most critical to the WRSE 
regional plan. Where appropriate, data and information emanating from this process should be stored in the 
WRSE database. 

 

6. Conclusions 
This addendum to the Phase 1 scoping report further explores the WRSE simulator sign-off process and model 
performance framework, building on feedback received following the scoping exercise and incorporating the 
outcomes of the December workshop. Key to the sign-off process will be the establishment of a Technical 
Working Group; meeting times have been proposed to feed into the WRSE programme (as presented in Figure 
3-1). 

The model performance framework provides a range of metrics and calibration / validation approaches (Table 
4-2). It will be imperative to ensure that the review process is efficient and focussed on the specific 
requirements of the simulator (i.e. the specified roles), the performance metrics emanating from the Resilience 
Framework and the areas of the supply system which are most critical to the regional plan (Table 4-3). If the 
simulator performance is deemed to be inadequate to any particular role or part of the region, suggested 
supporting data and analysis have been outlined. 

It will be critical to carefully record the content and outcomes of the sign-off process to form part of the wider 
simulator development and overall WRSE regional plan audit trail. 
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Appendix A. Workshop Meeting Notes 

Project: Water resource modelling early start 

Subject: Scope discussion and “plan B” meeting 

Meeting place: Atkins office, Nova North Meeting no: 1 

Date and time: 9 December 2019 at 
10:00 

Minutes by: J Duggin 

Present: Meyrick Gough 
Anna Wallen 
Michael Jones 
Andrew Halliday 
Peter Blair 
Dan Wykeham 
Matthew Stevenson 
James Tomlinson 
Neil Upton 
James Duggin 

Representing: WRSE 
WRSE 
Thames 
SEW 
Thames 
Southern 
Portsmouth 
Independent 
Atkins 
Atkins 

 

ITEM DESCRIPTION AND ACTION DEADLINE RESPONSIBLE 

1.  Objectives 

• Confirm the new simulator development 
programme / timescales 

• Define the sign-off process 

• Define the model performance framework – 
identify key validation and performance 
requirements 

 

 

 

 

 

2.  Recap of regional simulator scoping outcomes 

• NU presented recap of simulator scoping 
outcomes 
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ITEM DESCRIPTION AND ACTION DEADLINE RESPONSIBLE 

3.  Programme update 

• Milestone dates remain the same  
o Investment model needs to start runs 

by Jan 2021 
o So WR model outputs are needed to 

feed into investment model   
o Mar 2021 - outputs from inv model for 

review by companies 
o Summer 2021 - sign off by company 

CEOs 
o Aug 2021 - incorporating into draft 

WRMPs 

• How can we shorten the development 
phase of 5 months? 

• Budget for this FY is already spent. Unable 
to finance main model development now 

• Start date of development, therefore, 
beginning of Mar 2020 
o Contract for Phase 2 would need to 

be in place by Feb 

• Phase 2 must be finished by Dec 2020 

• HR Wallingford are developing catchment 
hydrology work for Thames-Affinity 
catchment 
o Improving catchmod models for 

Thames and Lee.  
o Dynamic groundwater elements. 

Potential link into the g/w vulnerability 
framework (first meeting 8th Jan). 

• WRSE climate data sets - has been 
tendered and evaluated - awarded to 
Atkins, but with HRW/Met Office in 
independent review role 

• Companies will then have to run their own 
hydrology updates using that new climatic 
data sets 

• Resilience f/w - this is ongoing - due to 
output method and f/w by Mar 2020, then 
consult, then apply it for the WR modelling 
programme 

• Options - gap analysis has been completed. 
Options to feed into simulator, need to have 
strategic ones ready by Sept 2020, and 
then any additional ones by Dec 2020 
o Up front work to identify transfer 

options etc. - but model sign off not 
due until beginning August 

o Issue of "locked in DO" in the region. 
How can the regional system release 
this? 

o North-south divide in the region - e.g. 
WQ (chlorination) constraints 

• Scenario identification - not yet considered 
or planned for development. But MG thinks 
it will be fairly quick to do. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mar 2020 

 

 

MG issued a 
programme 
following the 
meeting – 
separate email 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note for 
groundwater f/w 
early start task 
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ITEM DESCRIPTION AND ACTION DEADLINE RESPONSIBLE 

o e.g. drought permits/orders and some 
that may not be able to operate (e.g. 
chalk streams) 

• Environmental scenarios - sustainability 
reductions, etc.  
o Natural capital - unlikely to have 

sufficient valuation for inclusion at 
present 

• Non-PWS sectors - average c134Ml/d of 
abstractions  
o Industry 29%, (of which 

predominantly paper & pulp 64%; and 
golf courses 10%) 

o Agriculture 28% - focused on key 
catchments. Peakiness of demand 

o Power 21% - predominantly Didcot 
o Other 24% - not sure what this is? 
o Private 5% 

• Data management - Motts leading on this 
database development.  

• Demand - national f/w gives growth factors 
for non-PWS, inter-annual demand profiles. 
No date for delivery at yet. Initially using 
current WRMP demand profiles 

• Investment models will develop integrated 
risk approach - for outage, uncertainty, etc. 
- meeting on Thursday. Simulator may need 
to take on board risks of source outages for 
some scenario runs 

• Will need to be a window for updates to 
ensure alignment with company WRMPs 

 

4.  The sign-off process 

• Part 3 of flow chart could be broken out - 
limit scale of optimising operational rules. 
Change to focus on transfers. Delay the 
optimisation to feed into the Jan 2022 
update window 
o Will take quite a lot of consultation 

within ops teams in each company 

• Test and refine option portfolios - from early 
2021 

• Already have a subset of feasible options 
from last WRSE 

• Concept of DO needs to be carefully 
defined - different drought return periods, 
spatial coherence, etc. 

• DO approach - conjunctive use WRZ DOs, 
but different WRZs will have different critical 
periods, and as WRZ connectivity changes 
the DOs will also change. Need to compare 
like with like, and take account of spatial 
coherence to give range of DOs (are there 
big regional drought events?). Suggests 
need for multiple scenarios to explore 
different drought events across the region 
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ITEM DESCRIPTION AND ACTION DEADLINE RESPONSIBLE 

• Resilience f/w should define the metrics to 
test the system. 

• Will model be separable into discreet units - 
e.g. for each company to be able to use? 
Can company teams run models, or do they 
just review inputs/outputs? 
o No user interface in this 10 month 

window, so will need to ensure good 
visualisation 

o In longer term (phase 3 onwards), 
water companies could use and 
modify models themselves. 

• Validation against company models will 
drive the way the regional model is 
developed 
o It may be possible to validate 

individual company DOs, but how do 
companies then validate the model 
behaviour/outputs of the regional 
simulator 

• Don't need to make allowances for variable 
costs of regional transfers. That will be 
examined in the investment model 

  

Sign-off 

• Set up technical working group to ensure 
model development is progressing 
o This could be largely by working 

directly with each company in the 
initial stages 

o Targeted groups - e.g. Thames + 
Affinity to ensure it matches critical 
outputs 

• Review progress on functionality, 
programme, performance, etc. 

• Also need to ensure timely sign-off to avoid 
spending too much time on this.  

• Agree roles/responsibilities - to maximise 
collaboration 

• Action if sign-off not achieved  
o Consider change to terminology - 

something will be signed-off, but may 
just have lots of caveats for some 
company in terms of what you can 
use it for and the outputs 

o May be that x number of WRZs are 
OK, and y WRZs not. So then may 
need to use company models for the 
specific y WRZs. 

o Plan A may still be fine for some 
companies, but not fine for others 

o Graded performance requirements 
o Spatially coherent droughts are 

critical - moving everyone to using the 
same drought events, then this will 
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ITEM DESCRIPTION AND ACTION DEADLINE RESPONSIBLE 

improve the representation of 
transfers etc (comparing like with like) 

• How much of existing WRSE model and 
data can we use to start working on this 
process up front? 

• Get to version 1 by Dec 2020, and then 
start refinements for next version  

• Existing PyWR model provides a useful 
starting point - can it provide insight for 
development, and also be used to examine 
whether it already performs well for certain 
companies? 

 

5.  Model performance framework 

• [NU entered performance f/w criteria during 
meeting] [see appendix] 

• Acceptance criteria from "about drought" 
work? 

• Consider baseline DO of +/-x% of base 
year, where the difference should not 
exceed the headroom in the base year. 

 

  

6.  Wrap-up and next steps 

• WRSE companies will start set up of 
working group, ahead of procuring Phase 2 
work for Mar 2020 start. Initial task to define 
terms of reference etc. 

• WRSE climate data sets – outputs expected 
by Apr 2020 

• Addendum to scoping report - over next few 
weeks, with some iteration 
o Revised more detailed road map 

• Divide up the first 5 month into 
development, calibration period 
(when might this need to start, 
so companies know what to aim 
for), etc. 

o Performance framework and 
acceptance criteria 

 

 

 

 

 

 

 

 

 

Early Jan 

 

WRSE and 
company leads 

 

 

 

 

 

Atkins 
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Appendix 

Model performance framework – company models: populated during meeting 

Company Performance 
metric 

Priority Calibration / 
validation 
approach 

Acceptance 
criteria 

Roles and 
responsibilities 

SWS Reservoir levels High Sense checking of 
behaviour against 
expected 

Qualitative – 
timing and 
magnitude 

Within team. 

 
River flows High 

  

 
Available 
abstraction / 
demand met 

Med 
  

 
Deficits – timing 
and scale 

Med 
  

Thames 
(WARMS2) 

River flows High 2006-10 (recent 
and dry) 

Compare FDCs / 
stats versus actual 

15 locations (5 on 
the Thames) 

Semi-naturalised 

Good 
statistical fit 

Focus on 
dry period 
(low flow 
stats) 

Independent 
review (consultant) 

 
Reservoir levels Med 2006-10 

Representative 
demand in London 

Qualitative Thames team 

 
Aquifer levels 

 
Talked about this… 

Match is good 

Plan to compare to 
observed 

  

Thames 
(IRAS) 

DO – drought 
libraries 

High (in use) DO Vs WARMS2 

Adjusted IRAS DO 
to WARMS for 
investment 
planning (Linear 
regression) 

Hydrology lumped 
vs WARMs – 
impact on 
calibration 

Qualitative Independent 
review (consultant) 

 
River flows High (in 

development) 
Compared against 
? 

 

SEW 
(Kestrel-
HRW) 

River flows, 
reservoir, DO etc 

   
SEW team 
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Company Performance 
metric 

Priority Calibration / 
validation 
approach 

Acceptance 
criteria 

Roles and 
responsibilities 

POR DO, groundwater 
levels 

 
Compared against 
actual 

Qual and 
quan (stats) 

Internal and 
external 

 
Reservoir 

 
Havant Thicket - 
planned 
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Model performance framework – the regional simulator: populated during meeting 

Performance 
metric 

Priority Calibration / 
validation 
approach 

Acceptance 
criteria 

Roles and 
responsibilities 

Practicalities 

River flows High Vs company 
model 

Inquiry – 
expecting 
acceptance 
criteria – 
thresholds. 

Look at About 
Drought RR 
criteria. 

How to 
combine 
different 
checks. 

Need 
numerical. % 
difference / 
goodness of it 

Need to think 
about % 
different vs 
actual Ml/d 

Baseline DO – 
can’t allow 
base year to 
enter deficit 
through model 
differences 

Working groups: 

Consistency 
with other 
WRSE 
workstreams 

Also needs to 
work from 
simulator 
development 
perspective 

Input from 
company 
models – 
relatively high 
level. 

Signatures: 

Thames – Chris 
L 

SEW – Lee 

SWS – Nick 
Price 

Affinity - Doug 

SES – Alison 

Portsmouth – 
Jim Barker 

Delegates can 
review with 
good upfront 
prep. 

WRSE 

Meyrick 

Independent 
check – Jacobs 

Independent 
review – useful 
to have in place 
from start 
(trade-off value 
vs 
independence) 

Spell out a plan. 

Access to 
data – 
visualisation 
of model 
results. 
Timestep 
review. 

Reservoir levels High 
 

Depth of 
review varies 
with point in 
process. 

Aquifer levels - Dependent on 
approach – 
groundwater 
framework 

Thames model 
content 

 

Transfer flows Med Existing 
connections 

Future 
behaviour 

 

Influences (if 
simulated) 

High Vs 
denaturalisation 
process 

 

Simulated 
abstraction 

High Spatially and 
temporally 

Env sensitive 
areas 

 

LoS – frequency of 
crossing triggers 
(duration too) 

Med L3-L4 higher 
priority 

 

DO (RZ) High London <> 
SWOX 
(currently 
London > 
SWOX) 

Step 1 Historic 

Step 2 
Stochastic 

Feed 
differences into 
TH? 
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Performance 
metric 

Priority Calibration / 
validation 
approach 

Acceptance 
criteria 

Roles and 
responsibilities 

Practicalities 

Testing of system 
constraints – 
development step 
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