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What does this appendix do?  

This appendix supports the submission of South East Water’s Water Resources Management 

Plan for 2020-2080 and provides:  

 An explanation of our decision-making approach 

The evidence you will find in this appendix 

The following evidence is included in this appendix: 

 Overview of our decision-making 

 Explanation of extended approaches 

 

The decisions we have made based on this evidence  

We have made the following decisions based on this evidence:  

 To adopt the extended decision-making approaches in our option selection and plan 

development 

Need further information?  

Please email wre@southeastwater.co.uk if you require further information or wish to clarify 

anything in this appendix.  
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Executive summary   

Introduction 

Recent UKWIR regulatory guidelines have highlighted the importance of using extended approaches in addition 

to least cost modelling when planning for supply-demand balance investment decisions. Least cost modelling 

(using UKWIR’s EBSD methodology) is considered adequate only if the company identifies low levels of 

concern towards uncertainties and risks faced over the course of the planning horizon. A recent “Problem 

Characterisation” assessment carried out by SEW has resulted in a majority risk score of one (where zero score 

means no significant concerns and score of two means very significant concerns). This means that the company 

has a moderate level of concern and is operating within a region of medium to high forecast population growth, 

and restricted supply availability. Extended modelling methods need therefore to be adopted to support our 

WRMP planning. The section below provides an overview of the decision-making techniques proposed by SEW 

for WRMP19. 

Proposed approaches 

SEW has commissioned decisionLab to develop a decision making tool/model.  In its base operation, the 

tool/model will be used for least cost programme selection using the EBSD methodology. Least cost will include 

Capex, Opex and monetised Carbon and Environmental/Social costs. This least cost programme will be used to 

provide a benchmark for comparison against alternative best value programmes. 

The EBSD least-cost model uses an annual time step and its level of special aggregation is the water resource 

zone (WRZ). It makes two types of decisions over a designed planning horizon: which scheme to implement 

and in which year, in order to meet forecast demands at minimum cost.  

Once the least-cost solution is identified, we generate multiple planning solutions (schedule of schemes) by 

running the least-cost EBSD model under a number of different scenarios. The supply-demand scenarios 

represent the most likely futures the company may experience over the planning period and take account of 

uncertainty on Climate Change, Drought, and Water Quality and Sustainability Reduction issues. The model 

returns optimal least-cost plan under each of these scenarios.  

We assess how these planning solutions perform against a set of other metrics in addition to NPV costs. A total 

of five metrics are used, i.e. NPV Cost, Environmental & Social Acceptability, Promotability, Deliverability and 

Resilience. For each selected scheme, NPV costs are given by the discounted sum of Capital expenditures, 

Fixed and Variable operating costs as well as Monetised Carbon and E&S. The remaining four criteria are 

qualitative metrics and are defined at option level. For each scheme, these four metrics are translated into a 

score between 0 to 10. In order to compare all alternative programmes, scores are averaged at programme-

level. Parallel axis plots are then used to visualise the MCA outputs for all the programmes (including the least-

cost one). This helps to identify a shortlisted number of programmes for stress testing. 

Three levels of stress testing are executed to assess how well each of the shortlisted portfolios performs under 

a range of future scenarios. First, we test the portfolios’ level of resilience under uncertainty on DI, Climate 

Change, Drought, Water Quality and Sustainability Reduction data. The set of options in each programme is 

fixed but the timing of options’ implementation can vary during each of the scenarios. This method has been 

used by the WRSE group in order to evaluate resilience of the least-cost plan to trends and events that affect 

the Supply/Demand Balance. The results of this analysis will tell us how resilient each of the programmes is to a 

changing future by identifying the impact on the supply/demand balance (e.g. deficit or surplus) for each 

portfolio. Second, the portfolios are stressed tested under the impact of extreme storms causing outage events 
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(flood, water quality and power loss). Third, the portfolios are stressed tested under the impact of contamination 

spills causing outage events (forced emptying of a reservoir). 

Finally, in the refinement phase expert judgement (in discussion with regulators and stakeholders) is used to 

identify alternative programmes. This phase will help the company to understand better what additional options, 

over and above its preferred programme of options, might be required in order to develop a plan that is resilient 

to the most plausible future and accepted by stakeholders. 

The overall framework for the decision making approach is set out in Figure 3 on page 15. 
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1. Introduction 

1.1 Overview 

The programme selection and decision making process is the final stage in the options appraisal and 

screening process.  In this stage economic analysis and optimisation modelling is carried out on the 

feasible options set from which the Preferred Options List and preferred programme will be derived.                        

This report summarises the methodology proposed to undertake the economic analysis and optimisation 

modelling, also known as the “Decision Making Process”. 

1.2 Overall options appraisal and screening approach 

Figure 1 below is an extract of the overall options appraisal and screening approach; the red outline shows 

the final programme selection and decision making stage of the process. 

Figure 1: Extract from options appraisal and screening approach 
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2. Decision-making approach 

2.1 Background 

The Economics of Balancing Supply and Demand (EBSD) framework was developed for UKWIR by NERA 

in 2002 to assist public water supply companies in England and Wales in preparing their water resource 

plans. This framework and guidance has been widely accepted, used and understood. However, since 

2002, planning priorities have changed, with the conventional EBSD least cost programme no longer 

always being the most appropriate method to adopt in situations where water companies face a future with 

a wide range of uncertainties. 

With more emphasis now on customer engagement and the need to take into account climate change and 

resilience, more advanced planning approaches have been developed that can consider and model these 

uncertainties in different ways. A new set of guidance1 for the decision making process has now been 

published by UKWIR that can be used by water companies to select the most appropriate planning 

approach to develop a best value programme. Using this new guidance whilst maintaining the current 

EBSD approach to provide a benchmark will demonstrate how the best value programme compares to the 

conventional least cost one. 

A summary our how our decision-making approach has evolved from WRMP14 to our current approach in 

WRMP19 is shown in Appendix B. 

Figure 2: Extract from new UKWIR Report – mapping the decision making methods and tools 

 

 

 

                                                
 

1 WRMP19 Methods - Decision Making Process: Guidance (16/WR/02/10), published by UKWIR in 2016 
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2.2 Alignment with water resources planning guidelines 

The guiding principles for water resources planning2 outline the following key policy priorities that the 

government expects water companies to address in their WRMP’s: 

• Take a long term, strategic approach to protecting and enhancing resilient water supplies 

• Consider every option to meet future public water supply needs 

• Protect and enhance our environment, acting collaboratively 

• Promote efficient water use and reduce leakage 

In addition to the above, the updated Water Resources Planning Guidelines (WRPG3) expect water 

companies to consider all of the most appropriate solutions for their systems taking into account: 

• Customers’ preferences 

• Costs and benefits (both monetary and non-monetary) 

• Long-term best value 

• Optimise long term solutions between companies 

• Increase the resilience of your system to drought or other threats 

• Develop resources for sharing and export (depending on need) 

By moving from least cost towards a best value programme for WRMP19, it will be possible to integrate the 

above priorities into the decision making process to look beyond just financial cost. 

2.3 Characterising the problem 

South East Water has undertaken an assessment of the uncertainties and risks it faces over the course of 

the planning horizon.  In accordance with the decision making guidance4 (UKWIR 2016), SEW has 

determined that the most appropriate level of assessment for the company is to focus on a regional level 

appraisal, and to drill down to resource zones, and individual sources where it is felt appropriate to explore 

in more detail.   

SEW’s Problem Characterisation assessment resulted in a majority risk score of 1 (where 0 is the lowest 

risk and 2 is the highest). This is because the company is operating within a region of medium to high 

forecast population growth and restricted supply availability.   

It is therefore determined that the company has a moderate level of concern regarding the risks and 

vulnerabilities faced in addressing future water resource needs. To deal with this level of concern, SEW is 

proposing to apply more than one extended approach to decision making in its Water Resources 

Management Plan for 2019, as recommended by the UKWIR guidance4 . 

Extended methods have not been previously widely used in WRMPs, but they have been tested to at least 

the ‘proof of concept’ stage for actual UK water resource systems and have outputs that can be readily 

understood by planners.  

We have decided against following more complex approaches as our level of concern does not warrant the 

use of these methods. Also, these are more advanced, conceptually complex methods that are under 

current investigation in academia; however they have not yet been applied to the UK water resources 

context. 

                                                
 

2 Guiding Principles for Water Resources Planning, published by DEFRA in May 2016 

3 Water Resources Planning Guideline, May 2016, published by the Environment Agency. 

4 WRMP19 Methods - Decision Making Process: Guidance (16/WR/02/10), published by UKWIR in 2016 
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2.4 Overview of our decision-making methods 

2.4.1 Objectives 

The ‘objectives’ of the decision making process are the outcomes that the WRMP investment programme is 

seeking to satisfy. This includes customer preferences, social and environmental outcomes and resilience. 

The general default objective is that of least cost – i.e. the investment programme seeks to maintain the 

supply demand balance at lowest Net Present Value (NPV). A least cost analysis is a ‘single metric’ 

method. 

South East Water has commissioned a decision making tool from decisionLab.  In its base operation, the 

tool/model will be used for least cost programme selection using the EBSD methodology. Least cost will 

include Capex, Opex and monetised Carbon and Environmental/Social costs. This least cost programme 

will be used to provide a benchmark for comparison against alternative best value programmes. 

In accordance with the new UKWIR methods described above in 2.3 , the EBSD, least cost model is then 

enhanced by running it under a number of different supply-demand balance scenarios. The scenarios 

represent the most likely futures that the company may experience over the planning period - for example, 

increased population growth; more frequent drought occurrence; or higher sustainability reductions. For 

each of these scenarios, the model will return optimal planning solutions.  

2.4.2 Approach 

The ‘approach’ describes the way in which the problem is formulated within the decision making tool. There 

are two ways of doing this, as described below: 

• System simulation – using a model of the resource system which is run to generate a time series 

to evaluate metrics around resilience and return periods and costs/benefits for investment. 

• Aggregated – describing supply and demand as single values or probability functions for each 

year of the forecast, so that linear optimisation can be used. 

For WRMP19, SEW are adopting an aggregated approach. This is ‘tactical’ method, appropriate due to 

concerns over the use of a single ‘optimised’ investment plan over the planning horizon as a result of future 

uncertainties, however, we are comfortable that the benefits (DO) of the supply side options in our plan are 

reasonably additive, and are comfortable that the concept of ‘DO’ adequately explains the resilience of our 

supply system. This is summarised in the remainder of the section below: 

For SEW, the baseline DO forecast will be described as single values for each WRZ for each year of the 

planning horizon. Sources will be assessed coherently with the DO values for groundwater, surface water 

and run off river sources calculated for each source for each simulation year and the WRZ DO for drought 

events (e.g. 1 in 100 year, 24 month drought) calculated accordingly. 

The DO assessment of groundwater dominated WRZs (WRZ1, 4, 5, 6, 7 and 8), is assessed using a 

reliable yield or Source Reliable Output approach, implicitly considers conjunctive use and ensures source 

use is optimised via licence apportionment. The DO assessment of WRZs including reservoirs (WRZ2 and 

3), is assessed using behavioural models, explicitly considers conjunctive use with behavioural models 

developed to simulate groundwater and run off river sources supporting reservoirs as the drought develops 

in order to conserve storage. 

Groundwater systems are more resilient to short sharp droughts than single season reservoirs which are 

more vulnerable to short sharp droughts. The DO values calculated for input to the aggregated decision 

making tool, although single values, will reflect the resilience within SEW’s system via implicit and explicit 

conjunctive use assumptions as part of the assessment within groundwater dominated WRZs and surface 
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water dominated WRZs respectively, assumptions based on SEW’s actual operation and optimisation of 

the sources during drought. 

We have considered how the aggregated approach described above, and being used for WRMP19, could 

be developed to create a more enhanced decision making tool for future planning into WRMP24. It is 

possible that the system simulation model that we are using for our conjunctive use modelling could be 

incorporated with the EBSD+ model to develop a decision making tool similar to that being used by the 

WRSE group for WRMP19. 

2.4.3 Selection 

The ‘selection’ element describes how the preferred sub-set of options will be selected within the analysis. 

This uses either human decision making (expert judgement) that is informed by the outputs generated by 

the model, or uses computational methods (ranking, filtering, linear optimisation or evolutionary algorithms) 

to identify ‘optimal’ solutions. 

In line with the aggregated approach being adopted by SEW, the table 2.1 below provides an overview and 

brief explanation of the selection techniques being adopted for the various decision making tools being 

proposed: 

Table 2.1 – Summary of SEW’s decision-making tools and selection techniques 

Tool Selection Notes 

EBSD 
[Current Approach] 

Mathematical 
programming 

Linear optimisation to identify the least cost solution. 

EBSD+  
[Extended Approach 1] 

Mathematical 
programming 

Some system’s non-linearities can be dealt using 
mathematical programming. For example, Active Leakage 
Control options will be described through cost curves (cost 
vs leakage reduction) that can be piece-wise linearised. 

Scenario Analysis 
[Extended Approach 2]  

Mathematical 
programming 

Generation of multiple solutions using the least-cost EBSD 
model under a number of different supply/demand balance 
input assumptions. This returns programmes (schedule of 
schemes) each optimal under one scenario.  

Multi-Criteria Analysis 
[Extended Approach 3] 

Ranking 
Expert Judgement 

The optimised programmes are visualised using a parallel 
axis plot, which shows how the programmes perform 
according all MCA metrics in addition to cost. Parallel axis 
plot allow to systematically review and filter amongst a large 
numbers of programmes across MCA metrics. 

Stress Testing 
[Extended Approach 4] 

Mathematical 
programming 

Using principles of Infogap analysis to systematically vary 
the input supply and demand values and/or costs within the 
EBSD model to identify the extent of SDB failures due to 
future uncertainties. Specifically, the performance of the 
programmes (generated with the “Extended Approach 1”) 

are tested over the whole series of supply-demand balance 
scenarios. The set of options in each programme will be 
fixed (coherently with work undertaken in WRSE, for stress 
testing) but the timing of option implementation can vary 
during each of the scenarios included in the uncertainty 
analysis. This will give an idea of how resilient the solutions 
are under a series of possible SDB scenarios. 

 

A summary of SEW’s decision making approach for WRMP19 is shown in figure 3 on page 15. 
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2.4.4 Solution 

The solution describes the nature of the investment programme that is selected by the method. There are 

three possibilities: 

• Schedule - This is the ‘conventional’ type of output, where a single set of supply and demand 

options is presented as a programme of investment, along with the preferred order and timing of 

each element of that investment.  

• Portfolio - This also represents a number of options for supply and demand management that are 

regarded as best, but, unlike a schedule or programme, the timing of investment is not specified.  

• Adaptive strategy - An adaptive strategy contains a number of alternative schedules and 

branches, along with reference metric(s) that decide the conditions under which schemes within 

the schedules should be constructed, and which schedule is the most suitable at any given time. 

In adopting the aggregated approach and using the decision making tools outlined in table 2.1 above, SEW 

will be developing a conventional type of scheduled investment programme. 

2.5 Planning horizon 

The statutory requirement is for a 25 year planning horizon, however, SEW have concluded that it will be 

more appropriate, with a strategic plan, to consider a longer time horizon to identify the strategic sets of 

future schemes to address a range of uncertain futures.  

In the past, it has been observed that the current minimum 25 year statutory WRMP requirement is often 

too short a period for forecasting deficits given the available information on factors such as population 

change and climate change out to 40-60 years. 

Work undertaken by the WRSE modelling group, to inform company plans, has identified substantial 

deficits in a number of SEW’s WRZ’s emerging over a longer 60 year period.  It is therefore considered that 

a WRMP decision-making horizon substantially longer than 25 years will be needed for a robust 

examination of how such deficits should be addressed by actions soon or over the longer term.  

Also, in situations where there are good options which have long lead times or/and long asset lives, and 

which need to be ruled-out or ruled-in, then a correspondingly long WRMP decision-making appraisal 

horizon years – will be needed to bring most of the option-Net Present Cost (NPC) into the appraisal period 

to ensure that the comparative decision-making is robust. 

For the reasons stated above and to ensure consistency with the WRSE group modelling work, SEW have 

selected a planning horizon of 60 years for the decision-making associated with each of our 8 WRZ’s. 

Annual time steps will be considered for the full 60 year horizon. 

2.6 Links with WRSE Group 

2.6.1 WRSE approach 

The aim of the WRSE WRMP19 modelling was: 

“To develop a flexible and robust strategy for the South East of England that explores future levels 

of resilience, such that this regional strategy can be used by all companies to inform their WRMP’s 

for PR19” 

For WRMP14, the WRSE regional modelling work used the EBSD method, coupling an aggregated 

portfolio development model with least-cost NPV optimisation to solve the supply and demand balance on 

a yearly time step over a 25-year planning horizon. To develop a more strategic view of investment, the 

WRMP19 WRSE model has been re-configured and updated to evaluate the water balance over a 60-year 

planning horizon at 5-year time steps. 
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The EBSD element of the modelling work followed a structured process with three distinct Steps: 

• Step 1 - Characterise a range of scenarios, which are possible future conditions based on key 

parameters that will change over time, and select a subset of these scenarios  to evaluate the 

ability of the region to respond to a focused range of possible futures; 

• Step 2 - Run the selected scenarios in the EBSD model to generate portfolios of options that can 

meet the challenges posed by that possible future. Evaluate the results and the identify particular 

portfolios for further analysis, to understand the relative benefit of different infrastructure 

investments; and  

• Step 3 - Perform further analysis on the chosen portfolios. Compare the performance of these 

portfolios to stress testing that includes an Info-Gap Decision Theory assessment of robustness to 

uncertain trends and an event impact assessment of resilience to sudden and severe outage 

events. 

Each modelling step produced results that incrementally built a context of potential future supply/demand 

conditions and evaluated the ability of the region to respond to these conditions. In addition, the 

collaborative nature of the approach (i.e. defining the structure of the model, setting the scenario conditions 

and reviewing available options) gave all water companies, and the Environment Agency, a stronger 

shared appreciation of the impact of future conditions, where vulnerabilities may arise, and how water 

companies can work together to build a robust and resilient regional strategy. 

In addition to the EBSD modelling, for WRMP19, a regional system simulation model has been developed 

for WRSE, used to stress test the portfolios generated by the EBSD model, using an RDM approach. The 

regional system simulation model is used to assess portfolio performance for a large number of scenarios 

selected to represent the uncertainties surrounding the planning problem. This enables optimisation to find 

the best portfolio in terms of those which experience the fewest failures across difference possible futures. 
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Figure 3: Decision-making approach  

R
e
fi
n

e
m

e
n

t 

R
e
fi
n

e
m

e
n

t 

Multiple Least Cost Programmes  

(Each optimal under a SDB scenario) 

Option MCA 

Scores 

Shortlisted Programmes (expert judgment) 

WRMP19 Preferred Programme 

WRMP19 Feasible Options List 

WRMP19 Rejection List 

Consultation 

Option Costs  

and Yields 

EBSD+ Economic Modelling  

(With non-linear cost curves for ALC schemes) 

Yes No 

Multiple 

Supply / Demand 

Scenarios (SDB) 

Modelling of Uncertain Trends / Events / Impacts to Determine Supply / Demand Gap  

Multi-Criteria Analysis 

Screening shortlisted programmes based on MCA metrics  

(i.e. Promotability, SEA, Cost, Deliverability, Resilience) 

Stress Testing 



WRMP19 Appendix 8A Decision Making Approach | August 2019  

Not confidential | Author: A. Halliday | Last saved: 14 August 2019 

File name: Appendix 8A WRMP19 Decision Making Approach 190813 v4.0 

3. EBSD plus (extended approach 1) 

3.1 Introduction 

Traditional EBSD models consider discrete ‘tranches’ of active leakage control ALC implementation. Each 

tranche is represented in the model as a different discrete option. Such options are prerequisites to each 

other (for example scheme ‘active leakage 2’ can only be activated if ‘active leakage 1’ is selected, etc.). 

Tranches usually have increasing capital and operating costs, while the level of saving in Ml/d is fixed. 

Using discrete options of implementation of ALC in place of non-linear cost-curves has often been 

preferred when building EBSD models to avoid nodel non-linearities. Non-linearities can in fact make the 

problem difficult to solve (non-linear solvers are usually less efficient than linear ones such as CPLEX). 

However, using discrete tranches also implies that sub-optimal solutions may be identified, since that the 

level of implementation of ALC may not be available amongst the discrete ALC options.  

3.2 How to deal with non-linearities within EBSD 

Capital and operating costs of selected ALC schemes depend on the optimised annual level of saving 

through a non-linear cost function: the undiscounted cost per unit of savings decreases with the extent to 

which leakages are reduced within the company’s water resource zone. Such non-linear cost curves can 

be piece-wise linearised using mathematical programming. Specifically, for each Water Resource Zone 

(WRZ), the cost function is approximated by a sequence of segments k. The slope of each segment 

decreases at ‘breakpoints’ (with coordinated γk, ∂k) where γk and ∂k are the level of saving and 

undiscounted costs respectively. Piecewise linearization can be implemented by introducing within the 

model special ordered set variables (referred to as SOS2 in the literature). SOS2 variables allow reducing 

the number of binary variables within the model and therefore help improving the computational efficiency 

of the algorithm (CPLEX) used to solve the supply-demand balance problem. 
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4. Programme selection / scenario analysis 

(extended approach 2) 

4.1 Introduction 

This stage involves the generation of multiple programmes using the EBSD+ model to perform multiple 

runs. Each model run will consider different scenario assumptions of the supply demand balance to identify 

a least cost programme for each scenario. 

4.2 Scenarios and assumptions 

Due to the high uncertainty of population and climate change forecasting, increasing drought severity and 

likely sustainability reductions over the proposed 60 year planning period, the generation of programmes 

capable of adapting to changing futures is required. 

The table 4.1 below outlines the change factors, for each uncertain trend or impact, that will be applied to 

the DO and DI forecasts in order to develop alternative future scenarios that will be used to generate 

multiple programmes. 

Table 4.1 – Combinations of possible scenarios 

 

 

 

 

Component of our 

baseline supply 

demand forecast

 Deployable output - 

drought permits

WRMP14 (1:50)

deployable output increase 

of 3 per cent

Severe (1:200)

deployable output decrease of 

1.5 per cent

Extreme (1:500)

deployable output decrease 

of 5 per cent

using drought permits, orders and options

deployable output increase of 18 Ml/d

without using drought permits, orders and options

Our central case

 Deployable output - 

climate change

Medium

Our central case

Dry

deployable output decrease of 5 per cent

 Deployable output - 

sustainability 

reductions

Low

deployable output decrease of 15.1 

Ml/d

Medium

Our central case

deployable output decrease of 49.3 Ml/d

High

deployable output decrease of 83.5 Ml/d

 Deployable output - 

drought severity

Worst Historic (1:100)

Our central case

Demand - non-

household growth

Low

forecast reduction by 20 per cent

Medium

Our central case

Demand - leakage 

levels

Medium

Our central case

High

forecast increase of 5%

High

forecast increase by 20 per cent

The range of variation witin our core baseline assumptions over the course of the planning period that were used 

in combination to generate scenarios of possible future conditions

(our central case assumptions are shown in yellow)

Demand - household 

growth

Low

forecast reduction of 38 per cent

Medium

Our central case

High

forecast increase by 38 per cent
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Using the metrics and change factors from this table, a number of scenarios will be developed that best 

represent the most likely futures that SEW will experience over the planning period. An example matrix of 

possible scenarios in shown in Table 4.2 below. 

Table 4.2 – A matrix of possible scenarios affecting the supply demand balance 

Impact  

Scenario 

n n+1 n+2 n+3 n+4 n+5 n+6 n+7 

DI Forecast Medium Medium High High Medium Medium High Medium 

Drought Worst Worst Extreme Extreme Extreme Extreme Severe Worst 

Uncertain SR High Medium High Medium High Medium High Medium 

Drought Permits No No Yes Yes Yes Yes No No 

 

This approach for programme selection follows the same principles adopted by the WRSE group, a visual 

representation of which is included in Appendix A of this document. 
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5. Multi-criteria analysis (MCA) (extended 

approach 3) 

5.1 Introduction 

MCA is a technique for assessing options against a number of distinct objectives in addition to NPV costs. 

 

5.2 Options screening criteria 

The sections below have been taken from the fine screening methodology and outline the objectives that 

will be assessed for all feasible options for each of the five criteria. 

5.2.1 Cost 

Costing for the feasible options will be derived from SEW’s Unit Cost Database (UCDB) application. This 

will generate the following cost data: 

• Capital Cost / Fixed Opex / Variable Opex / Monetised Carbon 

In addition, an assessment of environment and social costs will also be made and included within the 

overall option cost. 

5.2.2 Environmental and social acceptability 

As part of the SEA, an assessment framework will be used to record the performance of each option 

against each SEA objective. 

The assessment will also consider WFD and HRA issues and risk as well as any cumulative effects 

between combinations of options which might combine to create a greater effect than the sum of the parts. 

5.2.3 Promotability 

The promotability topic considers issues and risk that could result in an option being rejected at an early 

stage in its lifecycle. The objectives that will be considered in the qualitative assessment will include:  

• acceptability to customers 

• acceptability to local planning and regulators 

• synergies with other WRZ’s and water companies. 

5.2.4 Deliverability 

The feasibility aspect of this topic considers issues and risk associated with the delivery of the option from 

design through construction, commissioning and operation. The objectives that will be considered in the 

qualitative assessment will include: 

• experience in delivering similar solutions 

• constructability 

• CDM 

• operability 

• dependencies on existing assets 

• quality of data being used 
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The flexibility aspect of this topic considers issues and risks associated with the delivery and operational 

flexibility of an option. The objectives that will be considered in the qualitative assessment will include: 

• the lead time and phasing of delivery 

• the adaptability 

• ramp-up time once built. 

5.2.5 Resilience 

The resilience topic considers issues and risks associated with the vulnerability of the option to provide the 

stated deployable output with the required water quality throughout its operational life. The objectives that 

will be considered in the qualitative assessment will include:  

• vulnerability due to outages 

• financial uncertainty 

• regulatory changes 

• vulnerability to climate change and drought 

5.3 Selecting and defining the metrics 

The five criteria outline above will be used to generate and compare alternative programmes, beyond least 

cost. To do this, metrics have been developed that will be used to calculate a score for each criteria at 

option level as an input into the EBSD+ model. Each option score is averaged for all selected options in a 

programme, to give the programme level score. This is applied across all metrics. 

An example of how the metrics will be used to develop scores at option level are shown in figure 4. 

5.3.1 Quantitative metrics 

The cost metric is the total NPV of [Capital Cost + Fixed Opex + Variable Opex + Monetised Carbon + 

Monetised E&S] over the planning period for all options in a proposed programme. 

Each programme is measured as a % figure above the least cost programme. 

5.3.2 Qualitative metrics 

The remaining four criteria that have been assessed by expert judgement using a qualitative approach will 

be translated into a score (for each option) between a scale of 0 to 10 (10 being the highest beneficial 

impact). 

Within the Environmental and Social Acceptability criteria, each option will be scored for both a Beneficial 

and Adverse impact. This will avoid the risk of a significant beneficial impact cancelling out a significant 

adverse impact if a single score were used. Therefore, in the case of the Environmental and Social 

Acceptability adverse impact, 10 will represent the largest negative impact.  

The average score across all objectives will be used as the overall score for each criteria at an option level. 

The option scores will be averaged for all selected options in a proposed programme to generate the 

programme-level metrics. 

5.4 Analysing and visualising the results 

The results of the programme selection stage will generate a large number of least cost programmes, all of 

which will be able to solve the supply / demand balance for a particular scenario. In addition, each 

programme will include metrics for each criteria developed during the MCA analysis. 

The key, at this stage of the decision making process is to provide a clear visualisation of EBSD+ / MCA 

outputs such that a robust analysis can be carried out to develop a manageable shortlist of programme for 

final stress testing. 
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The solution proposed is to develop a tool to display and allow assessment of multiple programmes in the 

form of a parallel axis plot. An example of this is show in Figure 4 below. 

Figure 4: Example of MCA visualisation using a parallel axis plot 

 

 

Each line represents a programme, and so comparison and filtering of different programmes across the 

metrics can be carried out to narrow down the set of programmes in which a particular user is interested. 

Filters can be applied to each axis, in order to narrow down the programmes of interest to a manageable 

shortlist using the decision making tool to inform expert judgement decisions. 
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6. Stress-testing and refinement (extended 

approach 4) 

6.1 Introduction 

The purpose of this stage is to help understand the assumptions and factors that have greatest influence 

on the plan, and hence to provide confidence that the plan is robust under a wide range of uncertainties. 

• Stress-testing – evaluating a plan against extreme storm events, contamination spills and to a 

wider range of future uncertainties (related to drought and climate change, sustainability 

reductions, water quality impacts and demand forecasting assumptions) than was used in the 

generation/selection of the plan to determine how robust the plan is.  

•  

• Refinement – the process of recalculating modelled outcomes under alternative input assumptions 

to determine the impact of each of the variables that are being tested.  

6.2 Approach 

6.2.1 Stress-testing 

The shortlisted programmes (identified from the MCA analysis in Section 5) will be selected for further 

evaluation and stress testing. 

We perform three types of stress testing, coherently with the work undertaken by the WRSE project. 

 Testing the resilience of selected portfolios to uncertainty with regard to Climate Change, Drought, Water 

Quality issues and Sustainability Reductions.  

Testing the resilience of selected portfolios to storm related events such as flooding, power outages and 

water quality issues; and  

Testing the resilience of selected portfolios to contaminate spills.  

Under stress testing a. above, the robustness of the shortlisted programmes will be tested for decreasing 

input supply data and increasing demand values compared to the central baseline supply/demand 

conditions. This is done using the change factors as detailed in table 4.1. The analysis will be used to show 

the scale of the potential impact on the supply/demand balance as a deficit over the planning period, 

alongside its level of reliability and vulnerability for each shortlisted programme. An example of how this 

analysis will be represented as outputs are shown in Figures 5 to 7 overleaf.  

Under stress testing b. percentage DO reduction values are applied for each WRZ to take account of flood, 

water quality and power outages caused by extreme storm events. Scenarios are generated by considering 

all possible combinations of disruptions (or no disruption at all) across each WRZ. Finally, under scenario c. 

we take account of contaminant spill events that lead to a forced emptying of the reservoirs. Therefore the 

programmes will be stress tested by reducing zonal DOs by the amount (expressed as a percentage) of 

DO that comes from reservoirs.  

6.2.2 Refinement 

The outcome of the stress testing analysis will provide information on the overall resilience of each 

shortlisted programme to cope with the various future uncertain impact and trend scenarios.  
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The final step to develop a well-balanced “best value” plan will be a process of iterative refinement using 

expert judgement (in discussion with regulators and stakeholders) to identify ‘alternative’ programmes. 

During this process, SEW will be able to understand what additional options, over and above its preferred 

programme of options, are required in order to develop a plan that is resilient to what is considers to be the 

most plausible future. 

Figure 5: Demand failures: max % demand failures (max in any one year) over all portfolios and 

Info-Gap levels. 

 

 

Figure 6: Reliability: percentage of years where there is no deficit. 

 

 

Figure 7: Vulnerability: measure for the average deficit over years where a deficit actually occurs 
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A Appendix  – Scenario generation approach schematic 
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B Appendix – WRMP14 vs WRMP19 decision making approach 

WRMP14 Modelling Approach           WRMP19 Modelling Approach 
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C Appendix – technical paper of extended 

methods approach 

See Overleaf 
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TECHNICAL PAPER – SCENARIO GENERATION AND EBSD+ MODELLING 
DecisionLab ltd  

23-11-2017- Draft n.15 

1. Introduction 
In this document, we show how to generate scenarios (referred to as ‘SU’) that take account of 

uncertainty on Demand, Climate Change, Drought, Water Quality and Sustainability Reduction. This 

report is structured as follows. In section 2, we introduce how the baseline supply-demand balance 

(SDB) is represented within the EBSD model. In sections 3.1 and 3.2 we show how to forecast the 

impact of the four uncertainty factors (Distribution Input, Drought and Climate Change, Water Quality 

and Sustainability Reduction) on the Deployable Output and the Distribution Input data. Section 3.3 

explains how the drought permits and order schemes will be embedded within the EBSD model and 

section 3.4 and 0 show how the uncertainty impacts are combined to generate the ‘SU’ scenarios. In 

section 4 we explain how we generate a diverse set of portfolios. Finally, in section 6 we show how we 

perform stress testing for the generated portfolios. Three types of stress testing are undertaken: 

under uncertainty on supply and demand data (section 6.2), under extreme storm events (section 6.3) 

and under contamination spills (section 6.4). The output is a measure of the level of resilience, 

reliability and vulnerability of the diverse portfolios under each stress testing (section 6.5). 

2. The WRMP supply-demand balance 
Within EBSD modeling, the annual supply-demand balance SDB is calculated at Water Resource Zone 

(WRZ) level and for three demand scenarios (set SCEN referred to as dry year annual average DYAA, 

dry year critical period DYCP and normal year annual NYAA), as summarized in the equation below and  

Table 1. 

 

SDB=  Deployable Output (7BL)  

           + changes for climate change (8.1BL) + other changes (e.g. nitrates, 8.3BL) 

           + Sustainability Reductions (8.2BL) 

           + imports of raw and potable water (2BL+3BL)  

           – exports of raw and potable water (5BL+6BL) 

           – distribution input DI (11BL) 

           – Outage Allowance (10BL) 

           – Raw water losses, treatment works losses and operational use (9BL) 

           – Target Headroom (16BL). 

Eq. 1  
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Table 1: The supply-demand balance within the WRMP tables 

Component Derivation WRMP 2019 table  

Row Ref 

 

DO 

(Deployable Output) 

 

Deployable Output (baseline profile 

without reductions)  

+ change in DO due to Climate 

Change  

+ total other changes to DO (e.g. 

nitrates) 

+ imports of raw and potable water 

- exports of raw and potable water 

 

7BL  

 

+ 8.1BL  

 

+ 8.3BL 

 

+2BL+3BL 

-(5BL+6BL) 

 

DI 

(Distribution Input) 

 

(Water delivered) + Water taken 

unbilled + Distribution system 

operational use + Total Leakage 

 

(19BL to 22BL) + 32BL + 

33BL +38BL+ 39BL 

 

Sustainability reductions 

 

Reductions to restore sustainable 

abstraction 

 

8.2BL 

 

Outage 

 

Outage allowance 

 

10BL 

 

Losses  

 

Raw water losses, treatment works 

losses and operational use 

 

9BL 

 

THR 

(Target headroom) 

 

Target headroom 

(i.e. safety buffer between supply 

and demand) 

 

16BL 

2.1 The demand scenarios 
The supply demand balance described by Eq. 1 is estimated under several annual demand scenarios. 

Specifically, DYAA and DYCP are respectively the annual average and peak demand over a dry year 

with no demand restrictions. DYCP is usually measured over a ‘peak demand period’ (typically a week) 

during a dry year. Finally NYAA is the average demand over a year with normal weather patterns. In 

this report, we refer to the DYAA scenario as ADO (average deployable output) and to the DYCP 

scenario as PDO (peak deployable output). 

2.2 Outage and losses 
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Apart from the baseline scenario (please see later section 3.4) where the WRMP data are used, 

“Outage allowance” (10BL) and “Raw water losses, treatment works losses and operational use” (9BL) 

are fixed to the base year value over the whole period.  

3. Generating scenarios to take account of uncertainty on supply and demand 
data 

Uncertainty on supply and demand data is considered through the following Impact types: Distribution 

Input (DI), Drought and Climate Change, Water Quality and Sustainability Reduction, availability of 

Permits and Order schemes. Each one can have a low to high effect on the supply demand balance as 

shown in Table 2 below.  

Table 2: Impact types and WRMP Row reference. 

Impact Impact severity WRMP Row 

reference 

/ Section reference 

Drought  WRMP14 Worst 

Historic 

Severe Extreme Row 7 BL 

(section 0) 

Climate Change Medium Dry Row 8.1 BL 

(section 0) 

Sustainability 

reductions  

Confirmed Likely Extreme Row 8.2 BL 

(section 0) 

Water quality  None Likely Extreme Row 8.3 BL 

(section 0) 

DI impact Low Medium high (section 3.2) 

Availability of 

P&O schemes  

Yes No (section 3.3) 

3.1 Impact on Deployable Output (DO) 
Three Impacts affect the DO forecasts:  

1. Drought and Climate Change  

2. Sustainability Reductions  

3. Water Quality (other changes to DO e.g. nitrates, etc.) 

3.1.1 Drought and Climate Change Impact 

A range of alternative drought events is added to the historic record that have an impact on both 

existing and new supply options. The variability of demand according to the drought impact is also 

taken into account (see later section 3.2.2).   

The following sections summarise how the “worst historic”, “severe”, and “extreme” drought impacts 

are forecasted over the planning period for both existing DO and options schemes’ yield, coherently 
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with work undertaken by the WRSE group (see report “WRSE Phase 2 Modelling – Option updates and 

Forecasting methods”). 

3.1.1.1 Impact on Zonal DO 

South East Water commissioned a specialist consultant, HR Wallingford, to carry out a DO assessment 

to provide the percentage change on zonal DO under “WRMP14”, “worst historic”, “severe”, and 

“extreme” drought impacts, and also for “medium” and “dry” climate change conditions over the full 

60 year planning period.  

 

The percentage change in zonal DO due to drought is applied under the NYAA, DYCP, and DYAA 

scenarios at the base year of the planning period. 

 

The percentage change in zonal DO due to climate change is applied under the NYAA, DYCP, and DYAA 

scenarios at the final year of the planning period, and interpolated back each year to 0% at the base 

year.  

 

3.1.1.2 Impact on new supply options 

Drought and climate change impacts (DO percentage change) are applied to some new supply options 

under the DYCP and DYAA scenarios for the worst historic, severe and extreme drought impacts. The 

changes are not applied to NYAA. These percentage changes are equally applied to all years of the 

planning period and vary for each option type (i.e. groundwater, reservoir, etc.) based on its resilience 

to drought and climate change. 

 

The DO assessment work carried out by HR Wallingford to develop existing source DO under varying 

drought impacts, and also climate change conditions, was used as a basis for calculating the 

percentage changes applied to new supply option types. For the option types where reduction change 

factors were applied, the factors are described in the table below: 

 

Table 3a: New supply option change reduction factors 

Option Type 

Worst Historic Severe Extreme 

DYAA DYCP DYAA DYCP DYAA DYCP 

Aquifer Storage Recharge 10.71% 5.88% 13.23% 9.09% 15.95% 10.93% 

Groundwater Enhancement 10.71% 5.88% 13.23% 9.09% 15.95% 10.93% 

Surface Water Enhancement* 0.00% 0.00% 0.00% 0.00% 23.00% 23.00% 

New Groundwater 10.71% 5.88% 13.23% 9.09% 15.95% 10.93% 

New Surface Water* 0.00% 0.00% 0.00% 0.00% 23.00% 23.00% 

Reservoir 15.23% 8.40% 17.62% 10.78% 31.30% 27.06% 

Inter-company / regional transfer* 0.00% 0.00% 10.00% 10.00% 10.00% 10.00% 

* Note: WRSE values adopted for these option types due to own company data not being available. 

3.1.1.3 Allocation of time to drought vs. non-drought conditions  
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The EBSD model simultaneously solves the supply-demand deficit for the annual demand scenarios in 

section 2.1. Each of these annual scenarios occur a specific amount of time over a 10-year period  

(expressed in weeks or % of time) and variable costs are weighted based on the duration of each 

drought level (i.e. worst historic, severe or extreme). 

The NYAA scenario is classified as non-drought condition. This means that no permit and order 

scheme can be used under this scenario and that no reduction in DI demand can be imposed (see 

section 0). 

3.1.2 Sustainability Reduction 

Three levels of severity are considered for the Sustainability Reduction (SR) impact, referred to as 

Confirmed, Likely and Extreme. The SR impact, an Ml/d reduction to zonal DO, is applied the same 

under the DYAA, NYAA and DYCP scenarios. 

The SR reduction impact varies based on the considered level of severity (i.e. Confirmed, Likely and 

Extreme) and can be applied to start from any year of the planning period.  

 

3.1.3 Water Quality 

As for the Sustainability Reduction impact, the Water Quality (WQ) impact is also applied to zonal DO. 

Three levels of severity are considered: Confirmed, Likely and Extreme. The WQ impact, an Ml/d 

reduction to zonal DO, is applied the same under the DYAA, NYAA and DYCP scenarios. 

The WQ reduction impact varies based on the considered level of severity (i.e. Confirmed, Likely and 

Extreme) and can be applied to start from any year of the planning period. 

For the purposes of our WRMP19 modelling, there was only a single reduction identified in our DO 

due to water quality, for this reason only the Confirmed impact severity was used. 

3.2 Method to Distribution Input (DI) 

3.2.1 Overall method 

Table 4 below shows the methodology that is applied to generate the “Low”, “Medium” and “high” DI 

impacts. Method in Table 3 is applied for each WRZ and for the ADO (DYAA) and PDO (DYCP) 

scenarios. No percentage change is applied under the NYAA scenario. 

Table 4: Impact types and WRMP Row reference.  

Component of DI 
WRMP 

source 
Low Medium High 

Household 

demand 

Average 

household - 

PCC  

31BL 

Decrease the PCC by 

5% each year to 

2044/45. Decrease 

2044/45 PCC by 10% 

at 2079/80. 

Flatline from 

2044/45 to 

2079/80. 

Increase the PCC 

by 5% each year to 

2044/45. Decrease 

2044/45 PCC by 

10% at 2079/80. 
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HH 

Consumption 

(51BL+52BL)

*31BL / 

1000 

Decrease DI_Med by 

W% (above table) at 

2044/45. forecast 

trend to 2079/80 

Forecast 

2016/17 to 

2044/45 trend to 

2079/80 

Increase DI_Med 

by X% (above 

table) at 2044/45. 

forecast trend to 

2079/80. 

Non household 

demand 

Measured Non 

Household - 

Consumption 

23FP 

Decrease DI_Med by 

Y% (above table) at 

2044/45. forecast 

trend to 2079/80 

Forecast 

2016/17 to 

2044/45 trend to 

2079/80 

Decrease DI_Med 

by Z% (above 

table) at 2044/45. 

forecast trend to 

2079/80. 

Unmeasured 

Non 

Household - 

Consumption 

24FP 

Other 

Water Taken 

Unbilled 
32FP 

Flatline from 2044/45 to 2079/80. 
Distribution 

System 

Operational 

Use (DSOU) 

33FP 

Total Leakage 40 FP 
Flatline from 2044/45 to 2079/80 – any 

changes would be represented by 

additional leakage management options 

Increase by a F% 

(above table) 

factor that 

reflects increased 

household use, 

but does not 

double count 

other related 

demand 

assumptions 

2079/80 value = 

(100% + change 

factor) * 2044/45 

value. 

Linear increase to 

new 2079/80 

value. 

 The DI change factors (see W, X, Y, Z, and F in Table 3) are applied the same to the ADO (DYAA) and 

PDO (DYCP) scenarios.  

 

3.2.2 Impact of Droughts on Distribution Input  

Droughts also have an impact on the DI figure. A percentage reduction is applied to each WRZ 

dependant on the drought severity for the ADO (DYAA) and PDO (DYCP) scenarios. No percentage 

change is applied under the NYAA scenario. 

 

These reductions are only applied when P&O scenario is selected as “Yes”. 
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3.3 Permits and Orders schemes 
Drought and permits orders (P&O) are represented by additional DO from drought permits and supply 

options that can be selected for severe or extreme droughts by the model under a “Yes” condition.  

 

P&O schemes cannot provide any benefit to the NYAA supply-demand balance or for WRMP14 or 

worst historic droughts. 

3.4 Generating the SU scenarios  
All impact types (drought, SR, WQ, DI and P&O) will be combined to generate a set of scenarios 

(referred to as SU) as shown in the example table below. 

Table 5: Possible scenarios affecting the supply demand balance 

Impact  
Scenarios “SU” – under various uncertainty conditions 

SU-0 SU-(n) SU-(n+1) SU-(n+2) SU-(n+3) SU-(n+4) 

DI  Medium High High High High Medium 

Drought Worst Historic Severe Severe Severe Extreme Extreme 

Climate Change Medium Dry Dry Medium Dry Medium 

SR Likely Extreme Extreme Likely Extreme Likely 

WQ  Confirmed Confirmed Confirmed Confirmed Confirmed Confirmed 

P&O No No Yes Yes Yes No 

3.4.1 Total number of SU scenarios  

The number of generated SU scenarios used in the decision making process for our WRMP19 

modelling is equal to: 

4 combinations of drought (WRMP14, Worst Historic, Severe, Extreme) x 

2 combinations of climate change (Medium, Dry) x 

3 Sustainability Reduction impacts (Confirmed, Likely, Extreme) x 

1 WQ impacts (Confirmed) x 

3 DI (Low, Medium, High) 

= 72 

+ permits and order schemes (Yes, No for Severe, Extreme droughts) [72/2 = 36] 

= 108 

Eq. 2 

4. Generating multiple portfolios 
We run the EBSD model under each scenario SU to generate a set of alternative portfolios. Only 

diverse portfolios are carried forward for later stress testing i.e. we remove those that are identical. 

This reduces the number of portfolios from SU to a scalar m lower or equal to SU. 
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Table 6: Number of runs to generate the portfolios 

 Number of model runs 

Portfolio generation 108 (section 0) 

 

5. Visualisation and selection 
The performance metrics of all generated portfolios can be visualised using parallel axis plots as in the 

figure below. With these plots, the company screens and selects portfolios based on the displayed 

criteria, e.g. cost, environmental impact and deliverability. The selected portfolios are then subject to 

stress testing as described in the next section. 

 

6. Stress testing 
 

6.1 Scenarios used for stress testing 
We divide the 108 SU scenarios (section 3.4) into five levels of increasing uncertainty in order to 

provide an indication of portfolio performance. This generates 5 scenarios, here referred to as SU-C1 

to SU-C5. 

For each WRZ, we first select the baseline scenario SU-0 and the scenario that has the most severe 

impact on supply-demand unbalance (i.e. scenario SU-n). Specifically, we decrease annual DO (existing 

schemes only) and Increase annual DI by considering 5 incremental steps: 

1. Step 0 represent the baseline scenario SU-0, while step 5 represents the scenario SU-n with the 
highest impacts (i.e. Extreme drought, No P&O, Full SR and Full WQ) 

2. Steps 2, 3 and 4 represent a 25% decrease in annual DO and a 25% increase in annual DI, 
starting from SU-0 (baseline scenario) (i.e. Increment 1 is + 25% in DI and -25% in DO, increment 
2 is +50% in DI and -50% in DO, etc.). No percentage change is applied under the NYAA scenario 
for both DI and DO data. 

The above reduces the number of SU scenarios from 108 to 5.  
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6.2 Stress testing under uncertainty on DI, Drought, WQ, SR and availability of P&O schemes 
We run the EBSD model for each diverse portfolio m and under scenario SU-C1 to SU-C5. For reach 

run, the portfolio is fixed but the model is allowed to choose schemes’ start date. 

Table 7: Number of runs for stress testing under uncertainty on DI, drought, WQ, SR and availability of P&O 

schemes 

 Number of model runs 

Stress testing under uncertainty 

on Drought, WQ, SR, DI and P&O 

availability 

m portfolio x  

5 scenarios (SU-C1 to SU-C5) 

6.3 Stress testing under extreme storm events  
The region is divided into 3 grouping based on the Water UK Project (Table 8). Three disruption types 

are considered: flood, water quality or power failure as in table below. A percentage DO reduction 

value is provided for each WRZ and disruption type. Coherently with work undertaken by the WRSE 

group, extreme storms impact on zonal DO only (i.e. existing schemes) and not on the optional 

schemes. 

Table 8: Aggregating the WRZs into Areas 

WRZ National Project grouping 

RZ1 Kent East 

RZ2 Kent West 

RZ3 Kent West 

RZ4 Guildford/West 

RZ5 Guildford/West 

RZ6 Kent East 

RZ7 Kent East 

RZ8 Kent East 

6.3.1 Generating the SE Scenarios and model runs 

Scenarios are generated by considering all possible combinations of disruptions (or no disruption) in 

each area. If more than one disruption type occurs in a zone then we reduce existing DO by the 

maximum value recorded under each disruption type.  

 

For example, if in the “Kent East” area only Flood (5% impact) and Power failure (18% impact) occur, 

then the total change impact on DO is equal to 18%. This means that, in each area, a total impact of 

0% or 5% or 18% may be recorded. Combining these three values (0% or 5% or 18%) over the three 

areas (Kent East, Kent West and Guildford/West) returns 27 possible scenarios of extreme storms (SE-

1 to SE-27).  
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For each WRZ belonging to a specific area (i.e. Kent East), we reduce the existing DO by the amount 

specified. The percentage changes in DO are applied under the ADO (DYAA) and PDO (DYCP) scenarios, 

for each year of the assessment period. No percentage change is applied under the NYAA scenario. 

 

For each scenario SU-C1 to SU-C5, we further reduce the existing DO by the percentage specified. This 

is done for each scenario SE-1 to SE-27.This generates 135 (5 x 27) scenarios for stress testing under 

extreme events. The EBSD model is run for each programme m, under the above defined 135 

scenarios. Under this stress testing, the timing of option implementation is fixed based on the start 

dates selected during stress testing in section 6.2.  

Table 9: Number of runs for stress testing under extreme events 

 Number of model runs 

Stress testing under extreme events m portfolio x 135 scenarios 

(27   SE1-SE27 x  

  5     SU-C1 to SU-C5) 

6.4 Stress testing under contaminant spills 
Only reservoir abstraction licences will be considered in this stress test. The m programmes will be 

stress tested by reducing DO by the amount that comes from reservoirs in that zone. Under this stress 

testing, the set of options in each programme m the timing of option implementation is fixed based on 

the start dates selected during stress testing in section 6.2. 

For each scenario from SU-C1 to SU-C5, we reduce the existing zonal DO by the percentage specified. 

Only one reservoir source of DO will be removed at any one time, as it is considered unlikely that more 

than one reservoir will be affected by a contaminant spill at the same time. Since only 3 water 

resource zones RZ2, RZ3 and RZ7 include DO from reservoirs, the number of generated scenarios will 

be equal to 5 (SU-C1 to SU-C5) x 3 (WRZs)=15. The EBSD model is then run for each programme m, 

and for each of the 15 scenarios.  

Table 10: Number of runs for stress testing under contaminant spills 

 Number of model runs 

Stress testing under contaminant spills m portfolio x 15 scenarios 

(3     WRZs 

 5     SU-C1 to SU-C5) 

6.5 Output from stress testing 
We measure the programme’s level of resilience (demand failures), reliability and vulnerability as 

described in the table below. Reliability tells how often a system fails; resilience shows the level of 

failure, while vulnerability indicates how bad an unsatisfactory value (i.e. supply-demand deficit) might 
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be. These three metrics are all important for the following reason. For example it may happen that a 

system that fails relatively often, but by insignificant amounts and for short durations, may be much 

preferable to one whose reliability is much higher but where, when a failure does occur, it is likely to 

be much more severe.  

Table 11: Definition of Resilience, Reliability and Vulnerability across the scenarios used for stress testing. 

Resilience 

(Demand Failures) 

 

[SDB as a % DI] 

 

Level of S-D deficit, as a percentage of DI, for a programme when 

challenged against increasing levels of uncertainty (info-gap levels). 

Reliability 

 

[number of years across all scenarios SU such that SDB>=0]/number 

of years  

A programme with 0.7 reliability fails 30% of the time. We consider 

the worst case scenario. That is, for each programme, we take the 

lowest Resilience value across the scenarios used for stress testing. 

Vulnerability Sum(t,[deficit in year t])/number of years a deficit occurs 

We consider the worst case scenario. That is, we take the lowest 

Vulnerability value across the scenarios used for stress testing. 

 

 



 

 

 

 

 

 


