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1. Introduction 

Understanding uncertainty in model outputs has become a key focus in the Drainage Strategy 

Framework and a need to determine confidence in models has formed a vital component in EA and 

Ofwat requirements in AMP6 and beyond. The development of quantifying uncertainty and 

providing clarity in model confidence enables alignment of Drainage Strategy Framework Principles 

relating to Partnership and Risk. 

A move away from the traditional subjective assessment towards quantitative assessment is 

becoming more prevalent, and is extensively discussed in the updated Code of Practice for the 

Hydraulic Modelling of Urban Drainage Systems. Although quantitative assessments for sewer model 

confidence is relatively new, RPS have been involved in developing and utilising quantitative network 

model confidence assessments for several major UK water companies, and this paper focusses on a 

case study around the recently implemented processes developed on behalf of Yorkshire Water 

(YW).  

This paper describes the approach recently developed on behalf of Yorkshire Water. The 

methodology and tool development was undertaken collaboratively between the consultant and 

technical leaders within the Yorkshire Water Drainage Area Planning (DAP) Teams. The initial brief 

was very open, with a staged approach to development implemented. The key deliverables included: 

 Development of Model Confidence Methodology for use in assessment of Model Confidence 

for Yorkshire Water DAP models in AMP6 and beyond 

 Methodology to be trialled against 30 AMP5 DAP Models with results used to define scoring 

metrics and initial bandings 

 Flexibility in assessment, although designed for DAP models, the assessment should be 

translatable to other modelling studies 

 Flexibility to assess whole or partial models or sub areas 

 Outputs to be utilised alongside parallel development of Flood Risk Assessment (Overland 

and Lateral) 

 Outputs to be captured within InfoWorks CS and InfoWorks ICM 

2. Key Principles 

The methodology development has been undertaken by RPS alongside technical leaders from 

Yorkshire Water, with a core team identified at start up to lead the development. The RPS technical 

leaders were tasked with consultation internally to look at existing methods of generating model 
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confidence assessments. An internal workshop was held to pull together best practices currently in 

place, with results discussed at the inception workshop held with YW.  

Early workshops highlighted the need to include a quantitative assessment of models to sit alongside 

the current Yorkshire Water Audits, aiding Audit and providing the ability to visualise model 

confidence and quality to the YW Modelling Team and additional stakeholders. The methodology for 

model confidence assessment was developed to sit alongside the current Audit Strategy invoked by 

Yorkshire Water, the approach was not designed to replace Audit or to confirm that the modelling 

specification had been followed. Model audits remain fundamental to YW’s assurance processes to 

check compliance with Modelling Procedures and to confirm that models are suitable for their 

intended purpose. The processes invoked assess model outputs and source data, but does not assess 

whether any individual entry is correct (i.e. source data assessed for modelling of an ancillary 

structure, but not whether the data has been correctly entered). 

The assessments should be focussed primarily on measurable assessment, however where subjective 

assessments are to be utilised, these should be implemented in a constrained environment with 

well-defined criteria. Subsequently, it was agreed at an early stage that any subjective assessments 

should be implemented consistently. A 1-4 scoring approach was invoked to avoid ambivalent 

scoring. 

It was agreed that the assessments should, as far as possible, be implemented within the InfoWorks 

environment to restrict the amount of double-handling of data.  

3. Methodology Developments 

RPS has experience in developing model confidence assessments for several water companies, and 

through initial workshops it was found that the assessments undertaken are broadly similar in terms 

of key components of the assessments. The inception workshop with YW highlighted the 

requirement to assess confidence for the following modelling components: 

1. Below Ground Confidence (Confidence in physical attributes associated with the drainage 

network) 

2. Above Ground Confidence (Confidence in the application of flows entering the system) 

3. Verification Confidence (Confidence in observed vs predicted model performance in relation 

to measured flows and depths – focussed on, but not restricted to short term flow survey) 

4. Flooding Confidence (Confidence associated with escapes from the model, based around 

flooding clusters/root cause zones) 

5. Intermittent Discharge Confidence (Confidence in model predicted spills) 

With regards to flooding confidence, flood clusters/root cause zones are created as part of the 

standard DAP assessments currently undertaken. These are created to group model predicted 

flooding locations based on common root cause(s). 

The combination of these five weighted scoring components would give a model confidence score 

for a given zone for any specified spatial unit (i.e. CSO Catchment, DAP Catchment, STW Catchment 

Etc.). 
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3.1 Below Ground Confidence 

Below ground network confidence has been assigned based on data flags contained within the 

modelled network. An assessment of YW data flags has been undertaken and each flag utilised has 

been assigned a score between 1 and 10, where 10 is the highest confidence. Where the data source 

flag has been inappropriately assigned, the score for the given attribute is assigned a zero score (i.e. 

using LiDAR Flag for any attribute other than Ground Level, as per specification). Where an incorrect 

flag is located, this is highlighted to the user to provide the opportunity to review/update rather than 

scoring zero in the assessment. 

Not all flagged attributes have been included within the assessment to improve the level of 

divergence in results. For instance, flood area has been excluded from the assessment of node 

confidence as the values are assigned as per specification. Attributes assigned which are as per 

specification are predominantly standardised values or assigned from default have generally been 

omitted from the assessment. This helps to avoid a drift to median values. Attributes such as 

chamber 

Alongside the assessment of the data source, the asset score derived allows a weighting element for 

critical and non-critical inputs. This element of model confidence has been applied within InfoWorks 

ICM/CS through a set of standard SQLs. The assessment is captured within the user defined fields 

and is also exported to YW regional datasets in order to display within more widely accessible GIS, 

for stakeholders without the relevant modelling software to understand. 

In order to provide a score for any given spatial unit, the scores produced as part of the initial set of 

queries are then amalgamated to provide a below ground asset confidence score. Ancillary links 

(weirs, pumps etc.) are weighted higher than standard nodes and links to reflect their relative 

importance in network performance. The assessment of below ground network confidence is 

entirely quantitative. 

Details of flag scores, scored attributes and associated weightings are contained within appendix A. 

3.2 Above Ground Confidence 

Similar to the assessment of below ground confidence, the above ground or subcatchment 

confidence is derived predominantly from the data flags associated with the modelled network. This 

also incorporates a weighting factor for critical and non-critical attributes. A second level of 

assessment is also undertaken relating to the size of the subcatchment, whereby a higher resolution 

in subcatchment definition translates to a higher confidence score. 

This element of model confidence is applied within InfoWorks ICM/CS through a set of standard 

SQLs. The assessment is captured within the user defined fields and is also exported to YW regional 

datasets in order to display in a GIS format. 

Again, the scores associated with individual subcatchments are then amalgamated to provide an 

above ground confidence score. The assessment of above ground confidence is entirely quantitative. 

Details of flag scores, scored attributes and associated weightings are contained within appendix A. 



  

Page 4     CIWEM Autumn UDG Conference 2017 
 

3.3 Verification Confidence 

Verification confidence assessment has proved a significant challenge, with regards to assessment 

and translating this geographically. The assessment criteria implemented utilises a combination of 

quantitative analysis and subjective assessment. The components associated with generating a 

verification score to any given location on the network are as follows: 

 

The assessment of verification confidence is undertaken within an MS Access based tool, developed 

to allow standardised assessments of any observed vs predicted plots generated within InfoWorks 

ICM/CS regardless of timestep, number of events or number of data points. The tool is able to assess 

data streams in excess of 20yrs at 2 minute recording intervals for any number of monitoring points.  

On completion of the assessment, results are imported back into InfoWorks and traced upstream and 

downstream. No allowance for time degradation has been implemented, though distance 

degradation has been implemented linearly based on chainage from the monitoring location. 

See Appendices for details of scoring components. 

3.3.1 DWF Event Assessment 

 

DWF verification is assessed 

based on numerical assessment 

criteria and a modeller score, 

agreed at audit: 

 

See Appendix A for details of 

scoring metrics and weightings. 
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3.3.2 Discrete Event Assessment 

Discrete event assessment is 

based on three key components, 

observed vs predicted numerical 

assessment, modeller assessment, 

event assessment (including 

rainfall and system response 

assessments). 

The system response component 

allows assessment of how 

stressed the system is, this 

assessment relates to the 

magnitude of rainfall in addition 

to the ratio of peak depths and 

flow against DWF, as presented in 

the observed data.  

 

3.3.3 Full Period Assessment 

Full period assessment has been 

derived based on Nash-Sutcliffe 

coefficient alongside a modeller 

assessment. 

Although the latest CoP suggests 

Nash-Sutcliffe should be utilised to 

assess discrete events, results 

suggest that scores produced have 

a significant detriment to model 

confidence scores when using 0.5 

as a reasonable match. Of the 

2197 monitors assessed only 23% 

meet this target for depth and 

51% for flow. These values 

increase to 33% and 63% 

respectively when looking at full 

period data streams. 

 The assessment also indicated that sites at depth monitor locations associated with pumped 

responses produce a poor score and as such require a different set of bandings. Nash-Sutcliffe has 

subsequently been invoked within the assessment of full period flows only. 
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In order to assess the Nash-Sutcliffe coefficient, the source data timesteps are required to match the 

models timesteps, subsequently, imported traces have been averaged on hourly timesteps to allow 

correlation across the full period (removing any periods of data loss from the assessment). Testing 

undertaken on full period data aggregates showed nominal variance (<3%) when comparing 5 minute 

and 1hr timestep aggregation. 

The use of Nash-Sutcliffe provides a valuable tool for assessing full period verification, with the 

potential to tie into seasonal variation. Although seasonal variation has not formed a specific 

element at this stage, the ability to compare long term datasets (MCERTS at STW for Instance) 

against model predictions and easily assess the level of ‘fit’ potentially provides a useful tool in the 

future. 

3.4 Flooding Confidence 

Flooding confidence has been developed on an evidence based assessment. Model predicted flood 

clusters are evaluated against captured data, both historic and where required through additional 

site investigation. The confidence score is derived through a cumulative score based on what 

evidence is available to corroborate model predictions. This assessment involves the review of 

historic datasets such as the flooding and pollution registers, reactive maintenance, mitigation 

registers etc, and is supplemented with additional data capture such as questionnaire responses and 

surcharge checks if required. This assessment is already undertaken as part of the historical 

verification of models. 

This element of model confidence is assessed in MS Excel and applied within InfoWorks ICM/CS 

through the importing of flood cluster polygons. The assessment is captured within the user defined 

fields and is also exported to YW regional datasets in order to display in a GIS format. 

3.5 Intermittent Discharge Confidence 

Confidence in intermittent discharges 

has focussed on model predictions 

against observed spills from short term 

and long term datasets. The associated 

confidence score is based on the 

relative correlation. 

In addition to the numerical 

correlation, an assessment of the 

monitoring of the asset and a 

subjective assessment of model 

performance is included. One of the key 

findings is that confidence is driven by 

the reliability of historic datasets. An 

improvement in model confidence is 

gained through improved intermittent 

discharge monitoring, conversely the 

Inflows Monitored 

Outflows Moitored 

Chamber 
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•Mnitoring 
Assessment 

Flow Survey Spills 
and Spill Duarations 

Historical Spills and 
Spills Durations 

•Numerical 
Assessment 

Modeller 
Assessment Score 

(1-4) 

•Subjective 
assessment 
agreed at 
Audit 

ID Confidence 
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model predictions may be wholly accurate, but without reliable historic data, confidence suffers.  

This element of model confidence is assessed in MS Excel and applied within InfoWorks CS/ICM. The 

assessment is captured within the user defined fields and is also exported to YW regional datasets in 

order to display in a  GIS format. 

3.6 Model Confidence 

All scored metrics are retained within InfoWorks CS/ICM and can be queried against any spatial unit. 

The overall confidence score for the model (or any sub-zone) is derived via standardised SQLs. A 

breakdown of the percentiles from the assessed components to date is contained below, these 

values have been used to compile the themes associated with the model confidence outputs, 

themes applied correlate with the cell colouring and will be subject to change as the number of 

assessments increase: 

Assets 

5th 25th 50th 75th 95th Total Number Assessed 

6% 21% 50% 66% 83%                                  330,440  

      Subcatchments 

5th 25th 50th 75th 95th Total Number Assessed 

20% 22% 37% 44% 49%                                     54,058  

     

 
 

Flow Monitor Verifications 

5th 25th 50th 75th 95th Total Number Assessed 

17% 34% 50% 64% 82%                                       2,197  

      Intermitted Discharges 

5th 25th 50th 75th 95th Total Number Assessed 

44% 49% 64% 73% 91%                                             64  

      Flooding Clusters 

5th 25th 50th 75th 95th Total Number Assessed 

0% 25% 26% 60% 95%                                       2,522  

  

Catchment and zonal banding have been derived as follows: 

 
Asset 

Confidence 
Subcatchment 

Confidence 
Verification 
Confidence 

Flooding 
Confidence 

ID 
Confidence 

Confidence 

5th 38% 20% 6% 0% 44% 33% 

25th 50% 25% 25% 25% 49% 39% 

50th 52% 38% 35% 26% 64% 45% 

75th 57% 44% 43% 60% 73% 50% 

95th 65% 52% 54% 95% 91% 58% 
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4. Roll Out Strategy 

The confidence score itself is meaningless without knowledge of how the scores are generated. 

Initial testing of the approach has been undertaken against a sample of 30 DAP models supplied by 

YW. This sample dataset has been used to define a set of standardised themes. It is evident through 

this benchmarking exercise that the generated results for the overall catchment scores tend to fall 

between a range of 30% and 70%, although each of the individual scoring components has been 

developed to give a wide spread of results (i.e. confidence at an asset level ranges between 5% and 

100% based on the source data, a similar range is presented for all other scoring components). 

This has led to difficulty presenting the results to 3rd Parties/non-modellers. Explaining why an overall 

model score of 70% is exceptional leads to the question, “why isn’t it 100%?”. Counterintuitively, 

“upgrading” a model by adding in network detail can result in a reduction in model confidence 

where the upgraded area contains a higher proportion of assumed or inferred data compared to the 

base model.  

It has been necessary to theme the resultant scores to visualise the results, and this is how they have 

been conveyed to those not familiar with the confidence methodology. Through the initial 

benchmarking exercise, themes have been developed to visualise confidence at a detailed asset 

level, through to catchment level with the theme bandings altered dependant on the level of detail 

required, themes applied mirror the bandings associated with section 3.6: 

Asset Level (Asset/Verification Confidence Shown) 

 

Model Zone Level (Zonal Model Confidence) 
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Further granulation is presented when reviewing specific components of the overall score, the 

figures below show zonal flooding and intermittent discharge confidence against individual location 

themes: 

Verification Confidence Model Zone Verification Confidence 

  

 

 

Flood Cluster Confidence Model Zone Flooding Confidence 

  
 

 

Intermittent Discharge Confidence Model Zone ID Confidence 
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Going forward, the confidence assessment is planned to be utilised by YW as follows: 

Short Term Widen stock of models that have had confidence applied and understand results. 
Understand the sensitivity of the scoring against qualitative assessments (model 
audits) 

Medium Term Embed within other modelling outside of the DAPs and enable greater 
engagement with wider stakeholders. Assisting in prioritising future model 
maintenance programmes of work. 

Long Term Develop for seasonal assessments of infiltration and more assessments / 
verifications against longer term datasets, using the long term Nash-Sutcliffe 
assessment. Explore opportunities to link this to contract performance tying in 
with the revised UDG CoP philosophy 

5. Future Improvements 

Whilst the implementation of this methodology is in its early stages, there are a number of potential 

improvements which could be employed without significant alteration to the current processes. 

Understanding seasonal variability is a key driver across the model stock, although some allowance 

for seasonality is presented through the full period and historic asset performance assessments, this 

is an area that could be expanded on, separating this out from the initial assessment criteria. 

Although some allowance for degradation of verification confidence has been implemented, there 

are discussions in place regarding how to get an improved understanding of this. This may become 

more of an issue if flow monitors resolution is decreased. The potential to build in a degree of 

volumetric weighting is possible, but further work is required to understand the impact. 

Also, as the process is in its early stages, the banding assigned and visualisation will be subject to 

continuous review and improvement, as we take on the comments and opinions of internal and 

external stakeholders.  

6. Conclusions 

The processes outlined in this paper have been applied across a sample of models, initial feedback 

has been positive. Although the procedures set out were implemented before the recent CoP 

updates, it is considered that the outputs have a high level of correlation with regards to the 

principles outlined with a quantitative assessment. The processes also tackle the principles outlined 

with regards to risk and uncertainty and a move towards quantitative assessment outlined by Ofwat. 

The outputs from this assessment are currently used within the DAP environment, with assessments 

used to assess model quality at delivery stage. These assessments are also used to supplement other 

assessments within YW such as catchment wide flood risk assessments from overland flows and 

lateral connections. There is potential for the assessments to be used in an array of deliverables and 

decisions, including scheme model assessment, model maintenance triggers and stakeholder 

engagement (internally and externally). The flexibility to assess model confidence at any spatial 

resolution allows specific confidence measures to be made for particular model uses. However, in all 

cases, the scoring methodology must be understood to allow sensible conclusions to be drawn from 

the resulting confidence score. 
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As modellers, we are used to the fact that, by necessity, models contain inferred, interpolated, 

assumed data that reduces the model confidence at an asset level, but may have minimal impact at 

ancillaries or flooding locations. The approach that we have implemented is intended to show both 

of these aspects by quantifying confidence in asset data and asset performance. 

The tools developed to perform the assessments highlighted within this paper allow a rapid 

assessment of model confidence, with a typical model taking between 1-2 days to assess, with the 

results easily interrogated and visualised against model predictions within the modelling software or 

GIS.  

With the further challenge presented in the collection and presentation of ever larger datasets, 

quantitative assessment will become more valuable. The recent work undertaken by 21st Century 

Drainage in compiling national datasets, such as headroom analysis, is likely to lead the industry 

towards standardised comparative assessments. Given ours and others experience in implementing 

quantitative assessments, it may be an opportune moment to take stock and develop an industry 

standard.  

Thanks and acknowledgements 

David Farrar (Yorkshire Water) 
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Appendix A 

A) Asset and Subcatchment Confidence 

The confidence score for assets and subcatchments is based on the percentage of the summed asset 

component score over the maximum score. The asset component score and maximum score is 

multiplied by the weighting. 

As below: 

∑𝑎𝑤

∑𝑚𝑤
 

Where: 

𝑎 = 𝐴𝑠𝑠𝑒𝑡 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑠𝑐𝑜𝑟𝑒 

𝑤 = 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 

𝑚 = 𝑀𝑎𝑥 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑠𝑐𝑜𝑟𝑒 

B) Verification Confidence 

a. Peak Flow 

max𝑓 

Where: 𝑓 = 𝐹𝑙𝑜𝑤 𝑑𝑎𝑡𝑎 𝑓𝑜𝑟 𝑚𝑜𝑛𝑖𝑡𝑜𝑟 𝑖𝑛 𝑒𝑣𝑒𝑛𝑡 

Calculated for both observed and predicted data sets. Correlation provides component score. 

b. Peak Depth 

max𝑑 

Where: 𝑑 = 𝐷𝑒𝑝𝑡ℎ 𝑑𝑎𝑡𝑎 𝑓𝑜𝑟 𝑚𝑜𝑛𝑖𝑡𝑜𝑟 𝑖𝑛 𝑒𝑣𝑒𝑛𝑡 

Calculated for both observed and predicted data sets. Correlation provides component score. 

c. Total Volume 

(∑𝑓) 𝑡 

Where:  

𝑓 = 𝐹𝑙𝑜𝑤 𝑑𝑎𝑡𝑎 𝑓𝑜𝑟 𝑚𝑜𝑛𝑖𝑡𝑜𝑟 𝑖𝑛 𝑒𝑣𝑒𝑛𝑡  

𝑡 = 𝑇𝑖𝑚𝑒𝑠𝑡𝑒𝑝 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑟𝑒𝑐𝑜𝑟𝑑𝑠 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 

Calculated for both observed and predicted data sets. Correlation provides component score. 

d. Storm Rainfall Intensity 

max 𝑟 

Where: 𝑟 = 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙 𝑑𝑎𝑡𝑎 𝑓𝑜𝑟 𝑚𝑜𝑛𝑖𝑡𝑜𝑟 𝑖𝑛 𝑒𝑣𝑒𝑛𝑡 



  

Appendix Page 2     CIWEM Autumn UDG Conference 2017 
 

e. Storm Rainfall Depth 

∑𝑟

(60 𝑡⁄ )
 

Where:  

𝑟 = 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙 𝑑𝑎𝑡𝑎 𝑓𝑜𝑟 𝑚𝑜𝑛𝑖𝑡𝑜𝑟 𝑖𝑛 𝑒𝑣𝑒𝑛𝑡  

𝑡 = 𝑇𝑖𝑚𝑒𝑠𝑡𝑒𝑝 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑟𝑒𝑐𝑜𝑟𝑑𝑠 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 

f. DWF/Storm Depth and Flow Ratio 

𝑠𝑝

max𝑑𝑝
 

Where: 

𝑠𝑝 = 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑆𝑡𝑜𝑟𝑚 𝑝𝑒𝑎𝑘 𝑓𝑙𝑜𝑤/𝑑𝑒𝑝𝑡ℎ 

𝑑𝑝 = 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑒𝑎𝑘 𝑓𝑙𝑜𝑤/𝑑𝑒𝑝𝑡ℎ𝑠 𝑓𝑜𝑟 𝑎𝑙𝑙 𝐷𝑊𝐹 𝑒𝑣𝑒𝑛𝑡𝑠 

This ratio along with the rainfall criteria provides an event factor which impacts on monitor 

assessment score 

g. Nash-Sutcliffe Flow and Depth 

1 −
∑ (𝑄𝑚

𝑡 − 𝑄𝑜
𝑡)2𝑇

𝑡=1

∑ (𝑄𝑜
𝑡 − 𝑄𝑜̅̅̅̅ )

2𝑇
𝑡=1

 

Where: 

𝑄𝑜 = 𝑀𝑒𝑎𝑛 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑑𝑎𝑡𝑎 

𝑄𝑚=𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑑𝑎𝑡𝑎 

𝑄𝑜
𝑡 = 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑑𝑎𝑡𝑎 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡 

Nash-Sutcliffe coefficient calculated impacts on Nash-Sutcliffe scoring component of confidence 

assessment. 

i. Averaging the data over every hour 

The observed and predicted datasets in their original form cannot be used with the Nash-Sutcliffe 

algorithm. This is because the time-steps are usually different between the two, resulting in more 

records on one side. To resolve this problem, the tool produces an average over every hour for each 

dataset, and then uses those new datasets with the Nash-Sutcliffe calculations. 

ii. Ignoring records where one side is 0 and the other not 0 

Before the Nash-Sutcliffe calculations are performed, the program will exclude records where the 

observed value is equal to 0 and the predicted value is not, or vice-versa. This is to avoid very low 

scores from being produced, which usually happens when the flow survey data may drop off half way 

through the trace, or goes below the monitor threshold. 
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h. DWF Confidence Scoring 

Flow Monitor 

𝑓𝑤 + 𝑑𝑤 + 𝑣𝑤 +𝑚𝑤 

Depth Monitor 

𝑑𝑤 +𝑚𝑤 

Where: 

𝑓 = 𝑃𝑒𝑎𝑘 𝑓𝑙𝑜𝑤 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑠𝑐𝑜𝑟𝑒 

𝑑 = Peak Depth percentage score 

𝑣 = Total Volume percentage score  

𝑚 = Modeller Assessment percentage score 

𝑤 = Component weighting 

i. Storm Confidence Scoring 

The storm confidence is calculated in two stages. 

𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑆𝑐𝑜𝑟𝑒 ×  𝑆𝑡𝑜𝑟𝑚 𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 

i. Confidence Score 

Flow Monitor 

𝑓𝑤 + 𝑑𝑤 + 𝑣𝑤 +𝑚𝑤 

Depth Monitor 

𝑑𝑤 +𝑚𝑤 

Where: 

𝑓 = 𝑃𝑒𝑎𝑘 𝑓𝑙𝑜𝑤 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑠𝑐𝑜𝑟𝑒 

𝑑 = Peak Depth percentage score 

𝑣 = Total Volume percentage score  

𝑚 = Modeller Assessment percentage score 

𝑤 = Component weighting 

ii. Storm Multiplier 

Flow Monitor 

𝑟𝑑𝑤 + 𝑟𝑖𝑤 + 𝑑𝑤 + 𝑓𝑤 

Depth Monitor 

𝑟𝑑𝑤 + 𝑟𝑖𝑤 + 𝑑𝑤 

Where: 

𝑑 = Storm DWF⁄ Depth Ratio percentage score 

𝑓 = Storm DWF⁄ Flow Ratio percentage score 

𝑟𝑑 = Rainfall depth percentage score 

𝑟𝑖 = Rainfall intensity percentage score 

𝑤 = Component weighting 
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Minimum storm multiplier 

The storm multiplier has a percentage of at least 70% to ensure a progressive minimum is awarded. 

For example, if the calculated percentage is 20%, the actual awarded percentage would be 76%. 

j. Full Period Scoring 

Flow monitor 

𝑑𝑤 + 𝑓𝑤 +𝑚𝑤 

Depth monitor 

𝑑𝑤 +𝑚𝑤 

 

Where: 

𝑑 = Nash − Sutcliffe Depth percentage score 

𝑓 = Nash − Sutcliffe Flow percentage score 

𝑚 = Modeller Assessment percentage score 

𝑤 = Component weighting 

k. Overall Score 

(𝐴𝑣𝑔(𝐵𝑒𝑠𝑡 3 𝐷𝑊𝐹) × 𝑤) + (𝐴𝑣𝑔(𝐵𝑒𝑠𝑡 3 𝑆𝑡𝑜𝑟𝑚) × 𝑤) + (𝐹𝑢𝑙𝑙 𝑃𝑒𝑟𝑖𝑜𝑑 × 𝑤) 

An average of the best 3 DWF and Storm scores are selected along with the full period score for each 

monitor.  

Where: 

𝑤 = Component weighting 

C) Intermittent Discharge Confidence 

a. Overall Confidence 

 

((𝑓𝑖𝑐 × 𝑖𝑣𝑏𝑟) × 𝑤) + ((𝑎𝑐𝑓 × 𝑐𝑓𝑣𝑏𝑟) × 𝑤) + (𝑐𝑑𝑚 × 𝑤)⏟                                    
𝑀𝑜𝑛𝑖𝑡𝑜𝑟𝑖𝑛𝑔 𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡

+ (𝑓𝑠𝑝𝑣𝑚𝑠 × 𝑤) + (𝑎𝑎𝑠𝑐𝑎𝑡𝑠𝑐 × 𝑤) + (𝑎𝑎𝑠𝑑𝑎𝑡𝑎𝑠𝑑 × 𝑤)⏟                                  
𝑆𝑝𝑖𝑙𝑙 𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡

+ (𝑚𝑠 × 𝑤)⏟      
𝑀𝑜𝑑𝑒𝑙𝑙𝑒𝑟 𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡

 

Where: 

𝑓𝑖𝑐 = 𝐹𝑀 𝐼𝑛𝑓𝑙𝑜𝑤𝑠 𝐶𝑎𝑝𝑡𝑢𝑟𝑒𝑑 

𝑖𝑣𝑏𝑟 = 𝐼𝑛𝑓𝑙𝑜𝑤 𝑉𝑜𝑙𝑢𝑚𝑒 𝐵𝑎𝑙𝑎𝑛𝑐𝑒 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 

𝑎𝑐𝑓 = 𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝐶𝑜𝑛𝑡𝑖𝑛𝑢𝑎𝑡𝑖𝑜𝑛 𝐹𝑙𝑜𝑤𝑠  

𝑐𝑓𝑣𝑏𝑟 = 𝐶𝑜𝑛𝑡𝑖𝑛𝑢𝑎𝑡𝑖𝑜𝑛 𝐹𝑙𝑜𝑤 𝑉𝑜𝑙𝑢𝑚𝑒 𝐵𝑎𝑙𝑎𝑛𝑐𝑒 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 

𝑐𝑑𝑚 = 𝐶ℎ𝑎𝑚𝑏𝑒𝑟 𝐷𝑒𝑝𝑡ℎ 𝑀𝑜𝑛𝑖𝑡𝑜𝑟𝑒𝑑 

𝑓𝑠𝑝𝑣𝑚𝑠 = 𝐹𝑙𝑜𝑤 𝑆𝑢𝑟𝑣𝑒𝑦 𝑆𝑝𝑖𝑙𝑙𝑠 / 𝑉𝑒𝑟𝑖𝑓𝑖𝑒𝑑𝑀𝑜𝑑𝑒𝑙 𝑆𝑝𝑖𝑙𝑙𝑠 

𝑎𝑎𝑠𝑐𝑎𝑡𝑠𝑐 = 𝑉𝑒𝑟𝑖𝑓𝑖𝑒𝑑 𝑀𝑜𝑑𝑒𝑙 𝑆𝑝𝑖𝑙𝑙𝑠 / 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑝𝑖𝑙𝑙 𝐶𝑜𝑢𝑛𝑡 𝐷𝑖𝑓𝑓 

𝑎𝑎𝑠𝑑𝑎𝑡𝑎𝑠𝑑 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑝𝑖𝑙𝑙 𝐶𝑜𝑢𝑛𝑡 / 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇𝑆𝑅 𝑆𝑝𝑖𝑙𝑙 𝐶𝑜𝑢𝑛𝑡 𝐷𝑖𝑓𝑓 

𝑚𝑠 = 𝑀𝑜𝑑𝑒𝑙𝑙𝑒𝑟 𝑆𝑐𝑜𝑟𝑒  

𝑤 = 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 



  

Appendix Page 5     CIWEM Autumn UDG Conference 2017 
 

D) Flooding Confidence 

Flooding confidence is calculated based on several questions, which the answer returns a potential 

score. The scores from all the questions is summed together to return a final score. 

The total score is summed based on the score for each question multiplied by each question 

weighting as below:  

∑𝑠𝑤 

Where: 

𝑠 = Assessment score 

𝑤 = Component weighting 

The final flooding score is then based on the flooding volume as follows: 

∑
𝑠𝑤𝑣

𝑣
 

Where: 

𝑠𝑤 = Weighted assessment score 

𝑣 = Flooding volume (from model) 
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Appendix B 

A) Model Confidence Components   
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