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Executive summary 
This report represents a route map for benchmarking the National Flood Risk 
Assessment (NaFRA) modelling and the tools and data upon which it relies.  The report 
set outs a structured framework within which the various components of the analysis 
that support the National Flood Risk Assessment (NaFRA) can be benchmarked 
against potential alternatives. 

The probability of inundation and associated risks cannot be benchmarked directly due 
the statistical nature of these properties and the lack of observational evidence.  The 
proposed benchmarking approach therefore relies on comparison to "reference 
models" and "best practice".  In the short to medium term the reference model 
comparisons are primarily associated with alternative component models (for example 
inundation, breach etc) and reasonable- or best-endeavours MDSF2 analysis.   The 
quality of the supporting data available at one location is benchmarked against the best 
practice achieved in similar flood risk systems. In the longer term, inter-comparison 
with comparable alternative whole system models, as emerging from research and 
international developments, is also proposed.   However, care is cautioned here as (to 
date) alternative system models often trade one short-coming for another and no single 
model can yet be considered a definitive reference model representing "truth". 

The framework for benchmarking sets out a series of specific benchmark tests and 
performance measures to enable a systematic comparison of results.  Each benchmark 
test is focused on a different aspect of NaFRA, namely: (i) the overall results (including 
the probability of inundation); (ii) the individual model components (i.e. flood 
spreading), and (iii) the model component groups (i.e. the individual components that 
combine to give a flood depth for a given storm event and system state).  Inter-
comparisons of data between Flood Areas is proposed as a means of assessing the 
relative data quality in the Flood Area of interest.  

Initial application of the framework in two pilots (the Irwell and Clwyd) has 
demonstrated its ability to highlight important short-comings in the existing approach 
and explore the benefits of alternatives.  For example both sites highlighted inflow 
volumes as particularly poor compared to a reference model, and have implied that a 
key driver of these differences is the representation of crest levels within NaFRA.   

The initial pilot results are of course the first step.  A concerted benchmarking activity 
(following the tests proposed in the Framework and building upon the reference models 
and supporting data established for the pilot sites) is now needed to help target future 
improvements in the NaFRA methods and data and, ultimately, the accuracy and 
validity of NaFRA and MDSF2.  The resulting evidence will also provide vital evidence 
to support the assessment of confidence and uncertainty (a separate but related topic).  
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1 Introduction 
Over recent years risk-based analysis has become common place in support of flood 
management decisions (e.g. Sayers et al., 2002). The National Flood Risk Assessment 
(NaFRA), initially undertaken in 2002 with frequent updates since, is increasingly 
recognised as a key source of information on flood risk, informing policy and 
investment decisions as well as communicating risk to the public and insurers.   To 
date, decisions to improve the input datasets and underlying RASP methods and tools 
(firstly through the NaFRA toolset and now MDSF2) have largely been based on expert 
judgement and relatively ad hoc sensitivity testing. There is a recognised need to base 
future decisions to invest resources in data or model improvements on a more 
structured understanding of the likely improvement in the results.   

Given the probabilistic nature of the RASP analysis that underlies NaFRA and MDSF2  
(e.g. Hall et al, 2003, Gouldby et al, 2008) it is difficult, if not impossible, to determine 
the existing accuracy, or degree of improvement that may be achieved by a given 
change, through comparison to objective measured data.   

The framework presented here therefore provides a structured means of comparing the 
existing results and those that would be obtained under a given proposed improvement 
with a 'reference model'.  No attempt is made to define what is 'what is good enough', 
as this can only be answered in the context of the specific decision being made. 

1.1 Project overview 

This study takes a step back from previous studies that have attempted to validate 
NaFRA results and sets out a structured set of benchmark tests to support the 
development of meaningful, readily understood confidence statements.  In the context 
of NaFRA we recognise benchmarks cannot be “true” values against which results can 
be verified in absolute terms. Rather, benchmarks are credible, structured reference 
models and data sets that allow objective judgements to be made about confidence in 
the outputs and the likely impact of proposed improvements on the quality of those 
outputs. 

The framework presented represents the consolidated output of Work Stream 3 of the 
NaFRA Method Improvements Project Work Package 2, and is closely linked to Work 
Stream 4. It draws upon a number of supporting tasks and associated outputs.  These 
are summarised in Table 1. 
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Table 1 Supporting project task reports (WS3 and WS4) 

Output Format Description 

Work Stream 3 

Task 3.1/2 – A route 
map for 
benchmarking 

Report Initial report exploring the issues and 
approaches to benchmarking.  The Task 
3.1/2 report has been incorporated into 
this report. 
 

Task 3.3a – Identify 
a core set of 
benchmark tests 
and relevant data 
sets 

Product 
descriptions 

The Task 3.3a report describes the initial 
benchmark tests for two sites, the Irwell and 
Clwyd.  It sets out the reference models and 
data sets developed.  A summary of these 
models is included here in Section 6. 
  

Task 3.3b – Review 
existing NaFRA 
flood depth outputs 

Report The Task 3.3b report reviews existing 
NaFRA flood depth outputs with a view to 
judging their suitability for use in the flood 
hazard mapping required by the Flood Risk 
Regulations.  This is standalone from the 
structured benchmarking activities and not 
discussed further here. 
 

Task 3.4 – Produce 
reference data using 
best “currently 
accessible” 
information for the 
selected benchmark 
tests 

Report 
cards and 
Analysis 
report 

Building upon Task 3.3a, Task 3.4 records 
the reference data from each of the 
reference site models.  These also include a 
comparison against MDSF2 modelling for 
each site (i.e. the process of benchmarking) 
in the form of an Analysis report.  A 
summary of the key findings are included 
here in Section 6. 
 

Task 3.5 – Develop 
“implementation” 
process for using 
benchmarks in the 
future development 
of NaFRA 

Report Building upon the Task 3.1/2 report and 
incorporating key findings from the 
benchmarking process.  The Task 3.5 
report has been incorporated into this 
report. 

Task 3.6 – Scope 
future benchmarking 
requirements 

Report Task 3.6 explores the use of alternative 
system models against which to compare 
NaFRA.  Key aspects of the Task 3.6 output 
have been built into this report. 
 

Work Stream 4 

Future Needs Workshop 
and report 

The separate WS4 report, informed by the 
WS4 workshop, describes a range of future 
method improvement options.  Workshop 
participants voted on the proposed options. 
The WS4 report analyses the voting and 
outlines a structure to help develop a future 
improvements programme. 
 

Note: All supporting task reports are available as part of the Project Record. 
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1.2 What we are benchmarking  

It is important to understand which parts of the NaFRA process (models, data, 
supporting tools) require benchmarking.  In this report we focus upon the NaFRA 
product (probability and depth information), the supporting tools and the methods and 
data those tools employ. It is also important to recognise that the supporting analysis is 
not based on a single model, but rather consists of multiple deterministic models run 
many times within a probabilistic framework.  In turn, the analysis is supported by data 
taken either directly from national databases (such as the crest level of a defence from 
AIMS) or pre-processed for specific use within the analysis (for example overtopping 
rates or fragility curves). 

All of these issues (Figure 1) are important and must be considered within the 
benchmarking process. 

 

Figure 1 Summary of the relationship between the NaFRA products, the tools 
that support it and the methods those tools employ 

1.3 Objectives of the framework 

1.3.1 General objectives 

The general objectives of the benchmarking framework are to: 

Help understand:  

Product

National Flood Risk Assessment (NaFRA)

Integrated tools

Modelling Decision Support Framework (MDSF2) / NaFRA08 Toolset

Supporting methods

Simulation framework and model structure (RASP) Deterministic model components (including)

Sampling approach
Convergence tests

Overflow volumes
Breach inflow volumes

Volume capping controls
Flood spreading (RFSM)

Data inputs and model parameters

Input data 

Crest levels
Condition grades
Topography etc

Derived or generalised data

Fragility curves
Impact Cell topography etc

Model parameter settings

Weir coefficients
Convergence criteria etc
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 The confidence in the assessment of depth and probability - All uses of 
NaFRA rely on a credible representation of the probability of flooding and the 
depth of flooding.  It is this understanding of the flood hazard that enables 
the associated damages to be estimated.  The framework of benchmark 
tests therefore focus on the probability and depth of flooding.  Benchmarking 
the damage functions (and broader receptor impacts) is excluded. 

 The potential improvement that could be achieved - The first step 
towards improving the results is first to understand the potential 
shortcomings and weaknesses in the current approach and where 
opportunities for improvement lie.  The approach adopted here builds this 
understanding by comparing existing and proposed approaches to reference 
models  (i.e. models that can be considered to be a more credible 
representation of a particular component, or indeed the entirety, of the flood 
system risk).  

Help prioritise: 

 Future investment in method and data improvement - To do this an 
understanding of where the key constraints within the current approach lie 
and the benefits alternative approaches offer (both quick wins and longer-
term improvements) is needed.  The framework developed here enables (i) 
the most important strengths and weaknesses within the NaFRA analysis 
process to be identified, and (ii) the improved performance offered by 
alternative modelling approaches to be more objectively assessed. 

Provide 

 The foundations for a living document - Benchmarking is a continuous 
process as the underlying methods, data and use of the results change.  The 
framework and tests presented here are a first step.  They will continue to 
evolve as experience is gained.  In particular, additional benchmark test 
cases will continue to be developed, and a wider group of users engaged in 
the process. 

1.3.2 Specific objectives 

Specific objectives are to provide a quantified and structured insight into the relative 
performance of the following factors: 

 The analysis system as a whole (and hence the final assessment of 
probability and depth of flooding). 

 Individual model components (such as the Rapid Flood Spreading Model, 
RFSM). 

 Model component groups (such as the chain of individual components that 
combine to determine the flood depth for a given storm event and defence 
system state). 

 Input data upon which the analysis relies (such as crest levels, fragility etc) 

1.3.3 How good is good enough? 

This report does not attempt to answer the question of "how good is good enough?".  
This varies according to the context of the specific decision being made.   The insights 
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from the benchmarking studies will however help understand the potential for 
improvement, the likely error in particular aspects and provide a line of insight into "how 
good could good be".  

1.4 Target audience and users 

The primary audience for this report includes: 

 Consultants - The benchmark tests outlined in this report are likely to be 
commissioned by national/central teams and undertaken by appointed 
consultants.  

 National Environment Agency Teams - The results of the tests will enable 
the Environment Agency to assess more objectively the benefits of different 
method and data improvements. 

 Local Environment Agency Teams - It is unlikely that the local teams will 
undertake the tests directly. The results will however support the local teams 
in their understanding of how well the RASP methods work in different 
physical settings. Local staff, with a specific interest and technical capability 
in RASP and the associated modelling methods, could access the underlying 
data to support their own detailed review and, potentially, undertake 
comparisons with their own local models. This, however, is likely to be by 
exception. 

 Researchers and developers - Many of the on-going developments will rely 
upon academic endeavours to develop and explore new system model and 
model components. The Benchmarking Framework presented here will 
provide a means for purported advances from research endeavour to be 
openly and transparently scrutinised.   

1.5 Report outline 

Following this introductory section, the report is structured as follows: 

 Section 2 – Benchmarking, what it is and why it is needed – presents the 
rationale behind the benchmarking process and the key differences between 
benchmarking, uncertainty and confidence. 

 Section 3 – NaFRA: Current Understanding – provides an overview of 
previous studies and the lessons that can be learnt. 

 Section 4 – Framework for benchmarking – presents the proposed 
framework. 

 Section 5 – Benchmarking tests and performance measures – presents 
the specific tests and performance measures related to (i) the final results (ii) 
selected groups of model components (iii) individual model components (iv) 
the probabilistic simulation framework and (v) the supporting data and pre-
processing techniques. 

 Section 6 – Reference test sites and overview of initial tests – presents 
the initial real world reference sites, with associated benchmark tests, and a 
summary of key findings. 
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 Section 7 - Summarises main conclusions from Work Stream 3 

 Section 8 - Summarises recommendations arising from Work Stream 3 
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2 Benchmarking: What it is and 
why it is needed 

2.1 Benchmarking: What it is 

A benchmark is defined here as: 

"a reference case or standard against which (the output of) a model can be judged."  

Benchmarking is then the process of: 

"creating appropriate reference cases to help judge the quality of the NaFRA model 
(via its outputs), and making comparisons with these reference cases."   

As such benchmarking provides a relative comparison between different model 
variants or data sets (either through comparison to objective measured data or the 
results of an alternative approach that can be taken as a standard reference, for 
example a more detailed local model).   

Benchmarking helps us to understand how good the results are against a more 
reliable, detailed or readily understood reference case. In doing so, it helps to identify 
those aspects of the analysis that offer the poorest performance in comparison to 
alternative models or data sources.  Benchmarking is therefore related to, but distinct 
from, assessing the confidence and/or uncertainty in the result at a particular 
geographic location.  All that can be said is whether or not the result could be improved 
and, if so, help identify those aspects that offer the greatest opportunity for 
improvement (Figure 2). 

 

 

 

Figure 2  Summary of the difference between uncertainty, confidence and 
benchmarking 

 



14 NaFRA Method Improvements (WP2) Work Stream 3 – Benchmarking Framework 

2.2 Benchmarking: Why it is needed 

The NaFRA Method Improvements Scoping Study (Environment Agency, 2011) 
outlined the need to advise users on the reliability of the NaFRA/MDSF2 tools and 
models as currently implemented in order to steer future improvements. The scoping 
study went on to outline a six-staged process through which any potential improvement 
to the analysis that supports NaFRA should be managed (Error! Reference source 
not found.). 
 

 

Figure 3 Summary of the six-stage method improvement process 

 

The Scoping Report also highlighted that the level of effort and investment at each 
stage should vary in line with the risks associated with taking any proposed 
modification forward.  For example, a very low-cost, low-risk option could be fast-
tracked from Stage 1 through to implementation with little intermediate development 
work or testing.  For more risky options – where the potential benefits are less clear 
and/or the development resources more significant – each stage of the approach 
should be followed.  Within this second context, the need to evaluate any proposed 
improvement against well-structured benchmark tests was highlighted as a critical step 
(Stage 5).  The elaboration of Stage 5 is the focus of this report. 

2.3 Benchmarking: How can it help prioritise future 
improvements 

Benchmarking does not determine a priority order for improvements per se.  This is 
because a change to a particular aspect of the analysis may or may not influence the 
uncertainty in the output nor increase confidence in the statements or decisions made.  
This reflects the sometimes complex response of the modelling system.  

Often the accuracy of the output is not simply governed by the weakest link in the 
analysis chain, but rather the influence of in-combination errors.  Consider, for 
example, replacing the RFSM with a fully hydrodynamic model, and then continue to 
drive that model with inflows that are ten times in error.  The improvement in the flood 
spreading would have minimal impact on the accuracy of the result. 

The results of the benchmarking do however support uncertainty analysis (by helping 
assign quantified error distributions to model components for example) and allow 
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credible assessment of confidence (by improving our understanding of the potential 
errors and weaknesses).  The recent Route Map for Quantification Uncertainty Analysis  
highlights and builds upon this interaction.   

This does not mean benchmark testing provides no insights as to the priorities for 
improvement.  By providing an improved understanding of how good particular model 
components and datasets are, and the opportunities that exist for improvement, the 
benchmark results provide valuable support to guide the likely priorities. 

The combined use of uncertainty analysis, benchmark tests and 'ground truthing' (the 
process of comparing input model data and assumptions with real 'on the ground' 
values, e.g. crest levels, condition grades etc) is summarised in Figure 4. 

 

 

Figure 4 Summary of the six-stage method improvement process 
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3 NaFRA: Current understanding 

3.1 Overview of the supporting modelling system 

The risk analysis method implemented within MDSF2 comprises a probabilistic 
description of the hydraulic loadings (Sources) and flood defence system (Pathways) 
and combines this information with a model to simulate the inundation process 
(Pathways) and subsequent impact (Receptors).  This is shown in Figure 5. 

 

Source: Adapted from Sayers et al., 2002. 
 

Figure 5  Overview of the main components of the MDSF2 modelling system 

 
This modelling system originates from the Environment Agency's Risk Assessment for 
Strategic Planning (RASP) R&D Project (Environment Agency, 2003 as summarised by 
Sayers and Meadowcroft, 2005).   One of the methods (the so-called High Level 
Method, Hall et al, 2003 subsequently extended by Gouldby et al, 2008 and others) 
forms the basis for the MDSF2 system and the NaFRA products.  

3.2 Potential errors 

3.2.1 Nature of errors 

Errors derive from multiple sources.  These include model structural errors as well as 
uncertainties introduced through the input data and performance of individual model 
components.  The recent scoping of approaches to quantify confidence and uncertainty 
within NaFRA reinforced the distinction between model structural errors, that manifest 
in 'gross potential errors', and inaccuracies in data and model performance, that can be 
described in probabilistic terms (so-called 'quantifiable knowledge uncertainty').   The 
relative 'size' of the 'gross potential error' and 'quantifiable knowledge uncertainty' is 
currently unknown and both are likely to be important.  This distinction is shown 
schematically in Figure 6. 
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Source: Environment Agency, 2013 

Figure 6 Gross Error Potential and Quantifiable Knowledge Uncertainty influence 
the confidence that can be placed in the NaFRA results 

3.2.2 Potentially important sources of error 

The original RASP research identified the need for further validation and since then a 
number of projects have provided partial insights into the likely confidence in the 
NaFRA results and model components upon which it relies (see Appendix 1).  None of 
these previous studies provide a comprehensive or fully structured system of 
benchmarking.  The collective knowledge developed does however provide useful 
insights into the potential sources of model structure, data and model component errors 
that may be important.   

Equally, although it may be theoretically possible, given infinite resources, to improve 
the quality of basic input data everywhere this, of course, is not practical nor warranted 
(as risk varies from location to location and hence the appropriate data quality also 
varies).  Understanding the importance of data errors in difference typological settings 
is an important precursor to understanding how best to manage them. 

The primary potential errors are summarised, together with a brief discussion, in the 
following tables. 
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Table 2 Primary NaFRA and MDSF2 model structural uncertainties 

Limitation/Assumption Description 

Full dependence of 
hydraulic loading across a 
flood area. 

Hydraulic loading conditions are assumed to be fully dependent 
(equal return period) along the boundaries of a Flood Area.  It is 
widely recognised that this potentially induces a bias in the 
results.  This is likely to be more important in coastal areas, 
estuaries and confluences, where joint probability issues arise. 

Independence of hydraulic 
loads between flood areas  

The underlying assumption is that Flood Areas are independent 
and a change in one Flood Area (a breach or defence raising for 
example) has no influence elsewhere.  Equally, this makes 
understanding the event risk within a region or nationally difficult.  
Some attempts have been made to overcome this issue (through 
the inclusion of a basic feedback mechanism; Environment 
Agency (2011c), and more rigorous consideration of the spatial 
dependence issues (Lamb et al. (2010), Wyncoll and Gouldby 
(2012)).   

Independence of strength 
between defence sections 

The performance of one defence asset is assumed to be 
independent from any other (i.e. the performance – breach or not 
- of one defence does not influence the strength of its neighbour).  
This fails to represent correlations in material properties that may 
persist across the notional defence length and any interactions in 
behaviour (at transitions between structures, for example).   

Single defence line and 
assumed performance of 
point assets 

Only a single (primary line) of linear raised assets (and off-line 
flood gates etc) are treated probabilistically.  Secondary line of 
raised defences and in-line barriers, pumps and sluices are 
assumed to performance to rule (i.e. a secondary defence is 
assumed unbreachable and a barrier is assumed to operate as 
expected).  In some settings both of these assumptions can be 
significant. 

Interaction of floodplain 
flows with river/sea 

Within the model the exchange of water from the river/sea to the 
floodplain is only one way, whereas in reality there is often a 
significant interaction.    

Breach initiation and 
probability of failure 
considered separately 

At present the process of breach initiation is decoupled from the 
assessment of probability.  In the fluvial case for example this 
means that when a defence is sampled as 'failed' the associated 
breach is assumed to occur when the water levels first rises 
above the breach invert level.  This is a recognised simplification 
and could influence inflows to the floodplain significantly. 

Spatial location of 
breaching 

Flood extent and depth can be sensitive to breach location.  
Although a common assumption even within detailed analysis,  
the basic assumption made that breaches occur at the centre of 
the defence section is a limitation. 

Sampling framework The simulation framework controls the way in which the model is 
structured, how the individual deterministic runs are selected (the 
sampling approach) and how convergence is defined (through 
automated convergence controls that determine when sufficient 
runs have been undertaken).  

Alternatives to the approach used within RASP do exist.  To date, 
in the absence of specific benchmark tests, understanding the 
benefits such alternatives may provide has been difficult to gauge. 
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Table 3 Potentially important NaFRA and MDSF2 model component uncertainties 

 Limitation/Assumption Description 

Inflow volumes Inflow volumes are recognised as critical (as will be seen again in 
Section 7).  They are a function both of the loading (hydrology, 
sea level and wave overtopping calculations) and athe assumed 
performance of the defence (breach or not).  Sources of 
uncertainty therefore include both the external load calculations, 
potential errors or omissions in the  breach initiation, evolution, 
location and timing and interaction between the sea/in-river and 
the floodplain (drowning of the flows etc).  

Breach growth  The current approach estimates the final breach width and invert 
using approximate rules.  For some defence types (fluvial earth 
embankments) the science is now maturing to allow the potential 
for better estimates to be made. 

Flood spreading Currently the RFSM is embedded within MDSF2 and the 
NaFRA08 toolset.  The RFSM has been used on a variety of sites 
as well as being included as part of the Environment Agency 2D 
hydraulic model benchmark tests.  Although a significant 
improvement over the original parametric flood spreading 
approach used (Hall et al, 2002) the RFSM remains a simplified 
model and compares poorly to fully hydrodynamic models in more 
complex settings.  Recent studies have recommended updating 
the RFSM with a time-stepping approach although without a 
quantified cost-benefit justification to do so in comparison with 
other more physically-based flood models.. The relative 
importance of updating the RFSM remains unknown. 

 

Note: Some model components may be either internally calculated or represented 
through data supplied from an external process. 
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Table 4 Potentially important NaFRA and MDSF2 data uncertainties 

Limitation/Assumption Description 

Loading conditions Peak water levels and mean overtopping are used at present.  
There is no ability to vary the loading conditions through an event 
at present. 

Fragility Generic fragility curves are often used rather than site specific 
ones.  The importance of this is unknown but often perceived as 
high.  Recently the generic fragility curves have been updated but 
not yet implemented.  The likely influence on the accuracy of the 
NaFRA results is unclear at present 

Asset location and 
geometry 

Inflow location is assumed to occur only at an asset mid-point; 
length of breach relies upon only whether the asset is hard or soft; 
asset crest and ground levels are unrealistically assumed to be 
linear.  Equally condition grades, crest levels, ground levels etc 
are represented through a single value.  An on-going study to 
create a Continuous Defence Line (CDL) may help gather the 
underlying information to enables future methods change 
(although this is to be confirmed). 

Floodplain topography 
and pathways 

Floodplain topography within the NaFRA products is typically 
coarsely represented (50 metre resolution) and flow pathways are 
only through limited communication points within each cell. 
 
Finer resolutions and the inclusion of the connections (through 
embankments etc) are possible within the RFSM, and often 
applied with regional application of MDSF2 (see for example the 
Review of MDSF2 for Strategies). 

3.2.3 Opportunities for potential improvements 

Each component of the NaFRA modelling process (from source, through pathways, to 
receptors) can be represented using varying degrees of sophistication.  As such, each 
component can be improved upon.  Figure 7 summarises the range of modelling 
approaches available (from the simple to the more detailed) and highlights the notional 
position on this continuum of: (i) the existing approach embedded within MDSF2, and 
(ii) the reference models established in this project (discussed later in Section 6). 

In most cases the modelling approaches presented in Figure 7 are well known and 
understood standard terms.  To represent the progression in the resolution of the 
receptor terms, a new terminology has been introduced to distinguish "Aggregated" 
and "Individual" Receptors. In the "Individual" case, receptors are not aggregated into 
groups in any way (for example, by Impact Cell).  The suffix of "Static" or "Dynamic" is 
also added.  A static representation implies that the receptor is assumed to always be 
in the same place.  This means that a particular flood event will always have the same 
impact, regardless of the season or time of day the flood takes place.  A "dynamic" 
representation would allow this impact to vary (as in agent-based models for example). 

No attempt is made to place the 'degree of improvement' on anything other than a 
nominal scale.  The placement of potential improvements along the horizontal axis 
should not be interpreted as telling us anything about the quantum of benefit 
associated with a specific improvement (either in absolute terms or as a multiplier).  
This is because the gains to be made from any particular improvement will be context-
specific and conditional on other features (e.g. improving fragility functions will deliver 
greater benefits in situations where defence performance is important in controlling 
risk, but little benefit for places where defence heights are very low and breaching has 
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little to no influence on risk).  Equally, the benefits of improvements will be a function of 
the interactions between components of the system model.  This is a vital point.  
Improvement in one aspect does not necessarily imply an improvement in results; an 
increasingly important issue if NaFRA moves towards a more dynamic representation 
of events (in terms of a temporal profile and dynamic interactions between 
components, highlighted by the dynamic system box in Figure 7). 

 

 

Figure 7 Conceptual diagram showing the progressive improvement in model 
component performance 

 

3.3 Lessons from previous validation attempts 

3.3.1 The need to develop definitive insights 

Since NaFRA was first produced in 2002 various expert reviews and pilot validations 
have been undertaken in an attempt to understand the confidence that can be placed 
in the NaFRA results and help prioritise method improvements. Although many of these 
projects have provided a useful contribution, none has provided a comprehensive or 
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fully accepted understanding of the validity of the NaFRA outputs or an agreed 
development path.  This lack of definitive insight reflects three key difficulties: 

Lack of observations: NaFRA provides a probabilistic assessment of risk. 
Flood risk can only ever be estimated, not measured directly. This reflects: 

- the constantly changing nature of the flood systems (for example the 
changing loading conditions, defence condition, land use etc), and 

- the need to include rare physical circumstances that may never have 
been observed. 

Heterogeneity of real flood systems: Across England and Wales the 
physical characteristics of the flood systems vary significantly.  Equally   the 
quality of the data that is available varies from one  Flood Risk Management 
Systems (FRMS) to another and within a single FRMS.  It is therefore difficult 
to assemble benchmark data sets that cover all physical settings (catchment 
types, defence systems, receptors etc) and data quality combinations.  

Variation in the weakest links and the importance of model interactions: 
The quality of the result is influenced by different components of the analysis, 
model structure errors or data inputs in different setting and even with the 
severity of the event being considered.  Equally, interactions between 
components are very important.  For example,  replacing the Rapid Flood 
Spreading Model (RFSM) with a state of the art inundation model will have 
limited impact if inflows are fed from a poor model of the boundary 
conditions; or focusing on the hydrodynamics whilst ignoring the 
representation of defence performance will have limited impact in many of 
the high consequence 'defended' flood areas. 

3.3.2 Adopting a framework of validation  

The Environment Agency's R&D project SC090008 'Validation and Calibration of 
Probabilistic Flood Models' (http://tinyurl.com/oh5g5zv) provides an important guide to 
the development of the benchmarking framework.  In particular, a series of principles 
are presented. These are discussed in Table 5, and commentary provided on how they 
have been fed into this project. 
 

Table 5 How does the benchmarking framework support the principles of 
validation 

Validation Principle (from  
SC090008) 

Relevance to the benchmarking activity 

1. Validation must distinguish 
between model error and parameter 
uncertainty. 

The benchmarking framework set out in 
this report separates the performance of 
individual model components, component 
groups and the system as a whole. It also 
distinguishes data inputs from models.  

2. Validation approaches must be 
aligned with intended uses of the 
model outputs, and must improve 
decision-making. 

The benchmarking framework covers all 
aspects of the modelling process that lead 
to an estimate of flood depth and 
probability.  No attempt is made to cover 
consequences (as this is out of scope).  
The benchmarking framework is decision 
independent and no attempt is made to 
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3.3.3 Guiding principles underlying the benchmarking 
framework 

To help overcome the difficulties in providing a structured basis for evaluating potential 
improvements to the NaFRA modelling process, the benchmarking framework 
(presented in Section 4) has been developed in order to: 

 Distinguish between the various elements of model components, model 
structure and data. 

 Use objective observations where these exist (whilst recognising the 
difficulties in such observations). 

 Use comparisons with more detailed models and analytical solutions (where 
these exist) to supplement / substitute for observations. 

 Accept structured expert argument (where judgements are transparent and 
available for challenge) as a valid contribution where clearly supported by 
evidence (for example, in the absence of sufficient measurements or 
alternative models that can be considered to approximate the "truth", expert 
interpretation is required – for example applying engineering judgement to 
alternative breach models or fragility inputs). 

state how good is good enough; 
recognising that this is decision specific.  

3. Validation must result in confidence 
statements that are specific in terms 
of output and scale. 

Although not the focus of the 
benchmarking framework, the results and 
insights are able to contribute to the 
understanding of confidence. 

4. Confidence statements must be 
based on sound, defensible evidence. 

As above. 

5. Validation methods and resulting 
confidence statements must be 
transparent, readily understood by 
end users and consistent. 

As above. 

6. Validation approaches must use 
available data and be practical for 
application in an operational flood risk 
modelling environment. 

This has been an important consideration 
throughout the development of the 
framework.  In particular, the concepts of 
component and component groups make 
the analysis practical. 

7. Validation should help define the 
requirements for future improvements 
to: input data, modelling methods, 
communication of results and 
validation approaches. 

Alongside analysis of required confidence 
and acceptable uncertainty, the 
benchmarking framework will directly 
support these choices. 

8. Validation should examine 
evidence about both the accuracy of 
model predictions and the quality of 
the modelling process. 

The benchmarking framework covers both 
model and data.  The structure of the 
framework, through components, 
component groups and whole system 
analysis will help  highlight where models 
sometimes get the right answers for the 
wrong reasons (through an error in one 
aspect compensating of an error in 
another for example).  
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 Focus on the performance of the NaFRA outputs within important physical 
settings, enabling quick win improvement opportunities to be identified (for 
example suggesting improvements in both undefended and defended areas). 

 Understand the interactions between data and model components (e.g. 
combined sensitivity of results to defence asset information, loading levels 
and level/volume caps). 

 Consider the use of detailed local models (Environment Agency 2011, Lamb 
et al, 2012) within a probabilistic analysis to provide reference outputs for 
comparisons, and ultimately to feed into alternative system models. 

 Consider the use of alternative system models to provide a reference 
comparison for the final results. 
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4 Framework for benchmarking 

4.1 Review of possible approaches 

There are a number of approaches that can be adopted for benchmarking.  In flood 
related numerical models these typically include: 
 

 Comparison with measured data.  In this approach, model outputs are 
compared with measurements of the quantity of interest (such as river 
discharge, sea level, wave conditions, floodplain water depth etc.) using 
either in-situ instrumentation, physical model experiments or remote sensing 
techniques.  It can be very difficult to obtain real-world observational data 
sets for meaningful use as a reference for numerical flood models.  This is 
because taking measurements of flooding is logistically difficult and, although 
correct in a general sense, are prone to error in detail. It is also problematic 
because good quality data sets are collected somewhat opportunistically and 
detailed pre-event conditions may not be known (defence conditions etc) or 
may not be "typical" in the sense of providing a reference case for an 
important category of NaFRA floodplain typologies.  Notably, of the eight test 
cases adopted for benchmarking of 2D hydraulic models, only one features 
real-world observations at field scale. 

 Comparison with analytical solutions.  For some specific flow phenomena 
there are published experimental tests, with known outcomes, that have 
been derived analytically.   Analytical solutions of this type tend to be 
constrained to very idealised cases that may not reflect the reality of flood 
risk modelling in practice (for example idealised topographies, homogenous 
embankment materials etc).  

 Comparison with other numerical models.  The 2D inundation benchmark 
study, Environment Agency (2010a), is an example of the derivation of 
benchmarking data through a model comparison study.  This study is 
especially useful for assessing the performance of reduced complexity 
models (such as the flood spreading models used in NaFRA) through 
comparison against more detailed models that comprise a greater 
representation of the physical processes.  Such tests can also allow for an 
understanding of uncertainties or trade-offs related to choices such as the 
model grid resolution or roughness coefficients.   In this approach, the model 
adopted for creating the benchmark results is referred to as the "reference 
model". 

 
To add further difficulty, NaFRA offers a probabilistic assessment of flooding.  As such, 
it comprises both statistical models of probability and physical process models.  Given 
that probability and risk are abstract quantities that cannot be objectively 
measured or, 'flood probability results' can, in the absence of long stationary 
observations,  only be benchmarked through comparison to another models.  It 
is therefore not realistic to attempt to generate “true” values against which NaFRA 
results can be verified in absolute terms.  Instead, an approach based on credible and 
structured reference models and data sets that allow objective judgements to be made 
about various aspects of the NaFRA modelling process are proposed. 
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4.2 Proposed benchmarking framework 

The proposed benchmarking framework  incorporates specific activities aimed at 
benchmarking the final results; the performance of the embedded deterministic models; 
the simulation framework within which they are run and the supporting data used 
(Figure 8).  For completeness, broader aspects of the overall process within which 
NaFRA is determined (including the local review etc) and the decision assumptions and 
scenarios used in closely related projects, such as the LTIS, are also included within 
the framework (but are not the focus here). 

 

 

Figure 8 Overall framework for benchmarking NaFRA 
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5 Benchmarking tests and 
performance measures 
This section presents the specific tests and performance measures that support the 
overall framework presented in the previous section.  Each aspect of the overall 
framework is discussed in turn, including (i) the overall end-to-end process, (ii) the final 
results, (iii) selected groups of model components, (iv) individual model components, 
(v) the probabilistic simulation framework, (vi) the supporting data and pre-processing 
techniques and (vii) the decision assumptions and future scenarios. 

A summary of the tests, reference cases and performance measures is given in 
Table 6 with more detail on each aspect presented in the following sections. 

5.1 Benchmarking the end-to-end process 

The end-to-end process that underlies NaFRA (including the use of national datasets, 
the framework of analysis and the associated local review and update) is considered 
international good practice.  Confirming, or dismissing this claim, through international 
comparisons (for example with the Netherlands, US, Germany etc) would provide a 
useful, high level, benchmark.  This comparison would not yield quantified evidence but 
would provide a narrative that places NaFRA in the context of international 
approaches.  This comparison would need to consider the whole process including the 
way in which local knowledge is used, the nature of the analysis methods (including 
representation of defences, channels and floodplains) as well as the datasets and the 
process by which the results are updated. 

This comparison is outside the scope of the current project and is not discussed further 
here.
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Table 6 Summary of benchmark tests, reference cases and performance measures 

Test Type Test Reference model Performance measures (change in) 

Whole system results WS1 - Depth v probability 
results by Impact Cell 

Locally improved MDSF2 
application: 
Reasonable endeavours 
Best endeavours 

 Assigned probability band 

 Probability of inundation of flooding (>0m) 

 Expected annual flood depth  

 Expected annual flood depth exceeding 0.3m, 0.6m 
and 1.0m  

Alternative whole system 
models 

Model Component 
Groups 

MCG1 – Scenario inflow 
volumes 

Deterministic full dynamic 
coupled floodplain channel 
models (given source load and 
system state) 

 Net inflow volume given no failure / bank overflow  

 Net inflow volume given failures  

 % of capped inflows* 

MCG2 – Scenario flood 
depth 

 Distribution of depth error  

 Depth error by reference model depth (>0.3m, 
0.6m and 1.0m) 

 Flood extent (total and in excess of Flood Zones 
2*) 

Individual model 
components 

MC1 – Defence inflow 
volume 

As above  Net inflow volume  

 Inflow hydrograph shape 

MC2 – Breach size Empirical observations and 
physical process models  

 Final breach width and invert level by defence type 
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MC3 – Breach growth As above  Net inflow volume, peak discharge and peak 
velocity  

 Dynamic inflow characteristics: timing of initiation, 
time to peak and inflow hydrograph shape 

MC4 – Flood spreading Deterministic fully 
hydrodynamic models (see 2D 
Benchmarking) 

 A goodness of fit measurement  

 Outputs supported  

 Speed of run 

Simulation framework SF1 - Probabilistic 
simulation framework 

Mathematical comparison  
Application comparison  

 Sampling efficiency 

 Accuracy of sampling scheme  

 Optimum values of sampling controls 

Supporting data and pre-
processing techniques 

D1 – Input data quality  Relative data quality available 
in other similar FRMSs 

 Overall data quality ranking 

 Individual data quality ranking 

D2 – Improving data 
quality through alternative 
pre-processing 

Best endeavours local analysis 
and alternative pre-processing. 

Comparisons covering: 

Impact Cell size, Flood Area definitions, Defence location, 
crest height, ground level, type and fragility, Overtopping 
rates, interpolated water levels (river and tide) 

* only relevant to the current NaFRA modelling approach (may become redundant in the future)
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5.2 Benchmarking the whole system results 

'Final results' in the context of this report refers to the probability versus depth 
relationships.  Focusing on the depth and probability results enables the overall impact 
of a change to the model structure (i.e. the way in which the analysis is constructed), 
the supporting deterministic models and data to be explored.  The exploration of 
economic (as well as other types) of damage is outside the scope of the framework 
presented here. 

For simple situations with no or few raised defences, it may be possible to analyse all 
system states (exhaustively) using fully coupled hydrodynamic models and integrate 
the results to provide an equivalent depth probability relationship.  Analysing all 
combinations of loading conditions and system states in this way would also enable the 
codes used to sample system states and integrate values over all loading conditions to 
be benchmarked and checked (i.e. do they do what they say they do). 

For more complex sites (typical of many urban or semi-urban areas) this can only be 
done subjectively by comparing the results with expectations based on local knowledge 
and alternative analysis that is considered to be more reliable, for example 
comparisons with locally improved MDSF2 applications, local probabilistic analysis or 
alterative system models.   

5.2.1 Comparison with a locally improved MDSF2 application 

MDSF2 offers a number of opportunities to replace the default input data used in the 
analysis with better data (for example, replacing national loading or defence data with 
local analysis or data collection).  

It is recognised that extensive replacement of the MDSF2 defaults may not be possible 
in the context of a typical project due to the associated cost and effort.  Within the 
context of benchmarking however, such an approach provides a practical and readily 
accessible means of exploring the impact of various improvements to the existing 
analysis process.   

Two forms of local improvement to MDSF2 are considered to provide a valid 
benchmark against which to compare 'standard' NaFRA results (generated by the 
default MDSF2 approach based on nationally available inputs and embedded 
calculations): 

 Reasonable Endeavours MDSF2 – This includes manual checking of water 
level and asset input data and modifies then as required based on local 
evidence.  Modifications to the ground model (i.e. representation of 
secondary defences as topographic ‘humps’ and flow pathways), asset 
attributes and user provided volume caps.  This is broadly equivalent to the 
2008/2012 NaFRA modelling approach. 

 Best Endeavours MDSF2 – As above but with additional effort devoted to 
provide some or all of the following: inflow volumes and overtopping rates by 
asset (breached and non-breached cases), localised fragility curves for key 
assets, incorporation of key in-line structures (e.g. Thames Barrier, culverts 
etc) and additional receptor terms (if of interest). 

Regardless of the degree to which input data are replaced, MDSF2 and the NaFRA 
toolset remain based on the same underlying RASP framework and therefore subject 
to the same model structural errors.  Comparison of NaFRA results with a locally 
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improved MDSF2 application therefore provides little insight into these errors.  
Nonetheless, it provides a practical means of exploring how good NaFRA results could 
be without significant change to the underlying analysis engine. 

Proposed performance measures 

To compare the probability and depth results by Impact Cell (based on the automated 
"raw" results prior to any manual intervention) the following performance measures 
have been proposed: 

 Change in the assigned probability band – provides a measure that 
reflects the chance of flooding only. It is not concerned with the associated 
depth of flooding per se. (Note: The assigned "band" is of particular interest 
to the insurance industry and calculating the national Outcome Measures.) 

 Change in the probability of inundation – provides a more precise 
comparison in the estimate of probability that is independent of the chosen 
banding. 

 Change in the expected annual flood depth – provides a simple insight 
into the general performance of the analysis by integrating across the full 
probability versus depth distribution. 

 Change in the expected annual flood depth exceeding 0.3m, 0.6m and 
1.0m – provides a measure that focuses on the reliability of the estimates of 
probability at particular depth thresholds of interest. 

5.2.2 Comparison with alternative system models 

The probability of inundation and depth results derived by alternative probabilistic 
analysis model structures could provide a degree of independent comparison that is 
not achieved through a best endeavours MDSF2 approach.  Although no model is 
perfect and all have limitations, they often vary in their relative strengthens and 
weaknesses.  Alternative system models are discussed in the Task 3.6 supporting 
report and in what follows. For example, some system models, such as HEC-FRM 
(USACE), do account more explicitly for the feedback between the channel and the 
floodplain - although its treatment of breach location and multiple breaches is more 
simplistic than in MDSF2.  FRACAS  (developed through the NERC FREE programme) 
is another alternative approach and the ECOplus analysis (developed within the 
TE2100 programme) could provide a useful site-specific comparison.   

There is also scope to derive added value from existing (or planned) detailed local 
models to be used as alternative system models in some situations, in combination 
with probabilistic analysis based on structured sampling of system states and loading 
conditions (Environment Agency 2011, Lamb et al, 2012).  Such comparisons could be 
used to provide insights into the more difficult to address issues, such as how important 
different aspects of the model structure are.  

No doubt alternative system models will continue to emerge as probabilistic analysis 
becomes increasingly mainstream.  Care however is needed.  "Independent" evidence 
from other system models may rely on the same underlying data or model components 
(e.g. generic defence fragility curves) and not provide objective validation information.  
They may also exchange strength in one aspect (for example flood spreading) with  
weakness in another (the breach of vertical walls). 
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To provide a meaningful benchmark comparison, a detailed understanding of relative 
weaknesses and strengths is therefore required before adopting an alternative system 
model as reference case.  Developing this understanding can be difficult for complex 
system models (due to the same reasons it is for NaFRA).  It is therefore important to 
ensure that all of the underlying assumptions and contributing data are visible and 
clearly understood. 

Table 7 highlights some available system modelling packages and their key features.  
Approaches that include a combination of sampling of hydraulic load, fragility curves 
and system state sampling would be (in principle at least) similar to the RASP 
approach.  At present the HEC-FRA comes closest to this.   

In the future, as standard model interfaces move mainstream (such as Open MI), 
model workflow managers will enable model components to be more easily linked (for 
example through HR Wallingford's "pyxis" software).  Equally the ReFRAME software 
developed in FRMRC2 provides an open structure for system risk and uncertainty 
analysis.  These approaches will continue to receive research attention and, in the 
longer term, may provide a useful contribution to developing high fidelity system 
models as an alternative to, and for benchmarking, NaFRA. 

 

Table 7 Example alternative system models and their attributes (adapted from 
this project's Work Stream 3, Task 3.6 supporting report) 

  

Name HEC- FRA GFZ G12 

Reference Deering et al (2010) Vorogushyn et al 
(2010) 

Gouldby et al 
(2012) 

Integrated 
1D/2D system 

Yes Yes yes 

Shock- 
capturing 2D 
model 

No No No 

Integrated 
dynamic breach 
model 

No No Yes 

Sampling of 
hydraulic loads 

Yes No No 

Fragility curves 
and system 
state sampling 

Yes Yes Yes 

Notes Monte Carlo sampling 
of loads for life cycle 
analysis not for EAD 
(as is the case in 
RASP). Breach growth 
can be included with 
offline modelling. 

 Uses InfoWorks 
replacing shock-
capturing SWE 
model with 
Dynamic RFSM. 

5.3 Benchmarking selected groups of model components 

The estimate of flood depth for a given storm event and defence system state is 
derived through a chain of individual models (for example, both the inflow volume and 
flood spreading models are important).  Such a chain is considered here as a 
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"component group" and can be compared directly to results from traditional 
deterministic hydrodynamic models. 

The first "group test" considers the estimate of the volume of water entering a given 
Flood Area (Component Group #1) and the second extends the modelling chain to 
consider the resulting inundation depth (Component Group #2). 

To ensure the benchmark tests assess performance across the full range of realistic 
conditions, various boundary conditions must be considered, including: 

 Source loading conditions (river flows and overtopping conditions) – from 
more frequent to more severe (e.g. 1:5, 1:30, 1:100 and 1:1000 year return 
period storm loads). 

 System states (i.e. the assumed state of the defences) - assuming 
undefended (i.e. either defences removed or a naturally undefended Flood 
Area), defended (i.e. assuming defences perform perfectly with no breaches 
regardless of load) and specific failure scenarios (e.g. specifying multiple 
failures in a single flood area or a particular upstream breach). 

 Future climates – to explore the convergence or divergence of alternative 
approaches as flood depths/extents become more extreme.  

The proposed Component Group #1 and #2 tests are described in more detail below 
together with suggested performance measures. 

5.3.1 Component Group #1 – Scenario inflow volumes 

Component Group #1 considers the modelling chain that supports the calculation of 
inflow into the floodplain (for a given storm load and defence system state). 

The focus here is on the suitability of bankfull level assumptions, the influence of 
upstream breaching/overflows, channel/floodplain interactions, the overflow 
calculations themselves (in both defended and undefended area) and the influence of 
volume capping (when applied).  All of these aspects currently contribute to the 
estimate of the net inflow volume into a given Flood Area and legitimate alternatives 
exist for each. 

Proposed performance measures 

Three performance measures are proposed. All are capable of being evaluated through 
comparison to a detailed hydrodynamic model that can be considered to offer "correct" 
values. 

 Net inflow volume given no failure / bank overflow – Error in the net 
inflow volume into each Flood Area within a catchment (or sub-catchment) 
given no defence failures.  

This enables explores the significant of the interaction between the river 
channel and the floodplain (in terms of outflows, drowning, hydrograph shape 
and flow rates).  These processes are not currently captured explicitly within 
the RASP analysis. 

 Net inflow volume given failures – Error in the net inflow volume into 
downstream Flood Area within a catchment (or sub-catchment) given a 
breach in each upstream Flood Area. 



34 NaFRA Method Improvements (WP2) Work Stream 3 – Benchmarking Framework 

 % of capped inflows – As a percentage of the total inflow into each Flood 
Area. It is recognised that, although of importance now.  If methods are 
changed/replaced this performance measure is likely to become redundant. 

5.3.2 Component Group #2 – Scenario flood depth 

Component Group #2 introduces flood spreading as an additional stage beyond the 
calculation of inflow discussed in the previous section.   

Proposed performance measures 

The performance measures proposed for Component Group #1 are extended to 
include (by Flood Area): 

 Distribution of depth error - A distribution of the error in flood depth across 
the Flood Area under the given scenario. 

 Depth error conditional on the reference flood depth – A distribution of 
the error in depth associated with those Impact Cells where the reference 
(deterministic) model shows a depth of >0.0m, 0.3m, 0.6m and 1.0m. 

 Flood extent (total) – Flood footprint (by m2 and % of Flood Area) in 
comparison to the refence model for the same system state and storm load. 

 Flood extent (in excess of Flood Zones 2) - The flood footprint (by m2 and 
% of Flood Area) that extends beyond the Flood Zone 2 limit. This second 
measure would focus on the importance of the assumption within the existing 
approach that restricts the floodplain domain to Flood Zone 2. Although likely 
to be of limited significance given present day climates, under future climate 
scenarios this may become an important limitation. Interpreting the results 
from this comparison will also require careful consideration of the way in 
which the Flood Zones limits have been derived for a given area (e.g. the 
representation of culverts, defences (if any) etc). 

5.4 Benchmarking individual model components 

This element of the framework seeks to isolate the performance of individual model 
components. Based upon experience and consultation during the 2011 NaFRA Method 
Improvements Scoping Study, four individual components that would benefit most from 
benchmarking  are covered here, namely: 

 Component #1 – Defence inflow volume 

 Component #2 – Breach size 

 Component #3 – Breach growth 

 Component #4 – Flood spreading 

It is often possible to compare the results from the existing components (the flood 
spreading, inflow calculations etc) directly against alternative more detailed reference 
models (that can be treated as being closer to an objective 'truth'); as in the 2D 
Benchmarking activities for example.  This is not however always the case.  For 
example, although some international reference comparisons have been completed for 
breach models, these tend to focus on specific situations.  To determine the 
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performance of a breach model in the majority of real settings continues to rely upon 
expert judgement to determine the degree of improvement that one approach offers 
over another. 

5.4.1 Component #1 – Defence inflow volume 

Component #1 considers how well the overtopping and overflows are predicted in the 
absence of a breach. 

Two alternative approaches are proposed for the fluvial and coastal setting.  In the 
fluvial and tidal case the reference model uses a time varying in-river water level and 
spatially varying crest level.  In the coastal case the reference approach is based on a 
joint wave and water level combination, crest level, toe level, beach slope and incident 
wave angle (reflecting coastline orientation) and associated detailed overtopping 
analysis. 

Variations to this test could also consider a range of starting "landside" water levels to 
represent a drowned and partially drowned case. 

Proposed performance measures 

 Net inflow volume – Error in the net inflow volume per metre of defence 
length when compared to alternative deterministic modelling approaches. 

 Inflow hydrograph shape - Error in the inflow hydrograph when compared 
to alternative more detailed models. 

5.4.2 Component #2 – Breach size 

Component #2 considers how well the "final" breach size (invert level and width) is 
reproduced given that a defence failure is assumed to occur.   

The proposed benchmark tests consider the different defence types and settings 
(fluvial, tidal and coastal settings) separately.  By considering each separately, where 
improvements are shown to be possible the value of implementing these can be 
considered in the context of the significant that defence type / setting has nationally.  

Proposed performance measures 

 Final breach width and invert level by defence type/setting – Error in the 
final breach width and invert level. 

Note: Breach remains a complex consideration.  Detailed physical based 
breach models are typically restricted to modelling earth embankments (of 
homogeneous layers).  Other defence types and composite structures are 
not typically represented.  Coupled with limited observed data, properly 
recorded expert judgement and physical reasoning will continue to play an 
important role in providing the reference case. 

5.4.3 Component #3 – Breach initiation and growth  

Component #3 considers the way in which a breach grows, from initiation to final 
shape. 
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The existing approach does not directly consider the temporal evolution of a breach 
and makes simple assumptions regarding initiation.  Modifying these assumptions is 
likely to be an area for future improvement.  It may also be possible to take advantage 
of any future opportunity provided by moving to a time-stepping inundation model and 
also incorporate a time-stepping breach model.   In such an approach the time at which 
a breach is initiated (within the hydrograph or tidal cycle), the rate at which the breach 
grows and the floodplain fills are all important considerations in determining the inflow 
(rate and volume) into, and any potential outflows from, the floodplain. 

As well as considering a range of defence types and storm loading conditions, the 
Component #3 tests should consider both (i) a free draining floodplain, i.e. undrowned 
and (ii) a constrained floodplain, i.e. forcing the breach flows to become drowned. 

Proposed performance measures 

 Net inflow volume, peak discharge and peak velocity – Error in the total 
flood entering the floodplain, the peak discharge and the peak velocity 
achieved. 

As with Component #2, this performance measure would need to be derived 
through a combination of comparison to alternative model results and expert 
judgement. 

 Dynamic inflow characteristics: timing of initiation, time to peak and 
inflow hydrograph shape – In the future as more dynamic representations 
of the inundation processes are incorporated into RASP (and MDSF2) it will 
be important that the benchmark performance measures reflect the dynamics 
of the breach initiation, growth and inflow processes. The timing of initiation, 
time to peak and the hydrograph shape will all be important measures. 

5.4.4 Component #4 – Flood spreading 

Component #4 provides a focus on the way flood waters are spread across the 
floodplain.  

When the floodplain pathways are simple and the slopes gentle, flood depths and 
outlines can often be approximated well using simplified approaches.  In more complex 
settings (for example following the breach of a major defence into a dense urban area 
or when the valley slope is steep), the nature of the flow and the resulting flood depths 
can only be predicted with more detailed approaches. 

Exploring how well, for a given floodplain typology and inflow(s), the adopted flood 
inundation model reproduces the maximum flood extent, spatial variation in final depth 
and, if available, maximum flood depth, time of arrival (to a point in the flood plain) and 
flow velocity is an important benchmark test. 

In determining the benchmark tests outlined below it is recognised that the 
Environment Agency 2D model benchmarking study was not specifically targeted 
towards understanding how well a particular inundation model would perform given the 
constraints presented by NaFRA and MDSF2.  The performance measures outlined 
below, therefore, do not focus solely on the "absolute" accuracy of the spreading 
approach (the central issue explored in the 2D Benchmarking activities), but how well it 
is likely to perform given the constraints under which NaFRA operates.  

For example, Impact Cell size influences various aspects of the NaFRA process and is 
an important consideration in terms of the resolution of the output.  It also has an 
impact on the performance of different inundation models in different flood plain 
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typologies.  The influence Impact Cell size has on performance is therefore included as 
part of the benchmarking process.  Although routinely including a finer resolution than 
the current 50m is not planned for the short term, understanding the relationship 
between Impact Cell and the flood spreading is an important consideration in any 
decision to change or replace the RFSM going forward. 

The proposed benchmark tests therefore consider: 

 A simplified floodplain topography with no net longitudinal slope, based on 
one of the cases used within the existing 2D benchmarking tests. 

 A complex urban floodplain with no net longitudinal slope but multiple flow 
pathways and floodplain structures. 

 A simplified floodplain topography with a strong longitudinal slope. 

In all cases, the Impact Cell size (or in the equivalent in alternative approach the 
determines the resolution of the output depth) would be varied progressively from 5m, 
10m, 25m and 50m.  Both the existing and alternative approaches would be compared 
to detailed hydrodynamic models (run using a fine grid) that can be considered as the 
reference case.  Additional variations to these tests would explore how well the flood 
spreading represents different severities of flood events.  For example under large and 
small inflows, with inflows located at a single point (representing a single breach) and 
across multiple locations (representing a more wide spread overflow event). 

Note: As decisions are made to refine the Impact Cell resolution, more of the full range 
of tests outlined in the 2D Hydraulic Model Benchmarking Study will become applicable 
and should be adopted here.  As this happens, the proposed performance measures 
(below) will also need to be updated to reflect this. 

Proposed performance measures 

 A goodness of fit measurement – comparing the existing and alternative 
spreading models with fully hydrodynamic analysis (using the same inflow 
data, "raw" DEM resolution and model grid interpolation - i.e. Impact Cell or 
its equivalent): 

CBA
AFit




 

where A = both fully hydrodynamic analysis and NaFRA data are identified 
as "wet"; B = fully hydrodynamic analysis are identified as "wet", NaFRA data 
are identified as "dry"; C = fully hydrodynamic analysis are identified as "dry", 
NaFRA data are identified as "wet". 

To reflect the "fit" of the spreading model across the range of depths , a 
number of thresholds of depth at which an Impact Cell is considered to be 
"wet' should be considered, namely: 

- 0.0m (reflecting the onset of flooding) 

- 0.3m (the threshold at which property thresholds are typically are 
exceeded) 

- 0.6m* 

- 1.0m* 
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- 2.0m* 

- 3.0m (the threshold at which residential property damages tend to a 
maximum) 

Depth thresholds marked with the asterisk (*) were chosen to reflect the 
key stages in the depth damage functions used to estimate damages. 

 Outputs supported – the RASP approach as embedded in NaFRA and 
MDSF2 supports only a calculation of final flood depth.  No information is 
provided on velocity, maximum depth or duration.  The capabilities of any 
proposed change should be noted.  Where alternative models do offer a 
wider range of outputs comparative performance measures will need to be 
developed (through an update to this framework). 

 Speed of run – to be practical for implementation into MDSF2, the speed of 
a single model run must not be excessive.  If the model run time is increased 
the degree of improvement achieved will need to be compared with any 
increase in run time.  Although there is not a fixed limit on the maximum run 
time, and as computational power increases and MDSF2 is used on smaller 
sub-catchments, the runtime constraints may be relaxed with time.  The 
desire to overlay uncertainty analysis and option appraisal on top of the 
probabilistic analysis is, however, likely to offset any such developments in 
computational power.  As such there remains a need to consider the trade-
off between accuracy and runtime as a valid benchmark.  The following 
performance measures are therefore proposed: 

- Absolute baseline speed = runtime for existing approach 

- Relative speed = runtime for the existing approach / runtime of the 
proposed improvement 

5.5 Benchmarking the probabilistic simulation framework 

The simulation framework can be benchmarked in one of two ways.  The first is based 
on ensuring mathematical accuracy, through mathematical argument to directly 
quantify approximations made.  The second is an empirical investigation to determine 
the impact of a change on the overall depth against probability results and associated 
run times (though modifications to the convergence criteria for example). 

Proposed performance measures 

Three performance measures are proposed: 

 Sampling efficiency – Measured by a combination of variance in the results 
and number of samples required before and after the changes are made.  

Underlying this measure is a desire to explore whether a changed sampling 
procedure can reduce run-time without loss of information or change in the 
performance of other aspects.  This is may be an important consideration as 
the analysis to support NaFRA is also increasingly used to support quantified 
uncertainty analysis and strategy development - both of which increase the 
computational burden. 

 Accuracy of sampling scheme – Sampling is by definition only an 
approximation to all possible events.  Where it is not possible to directly 
quantify the approximation through mathematical argument simplified 
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benchmarks tests, that can be exhaustively analysed, should be established 
to ascertain the performance of different sampling schemes. 

 Optimum values of sampling controls – A number of parameters control 
the sampling within the RASP analysis. This includes convergence criteria 
and minimum sample size.  Changing these has impacts on run time and 
accuracy of the results.  Benchmark tests to determine the optimum settings 
and provide insight into how the model responds to these should be taken 
forward. 

5.6 Benchmarking the supporting data and pre-processing 
techniques 

The benchmarking of the data and pre-processing techniques focuses on two practical 
questions: 

 How good is the data quality in one FRMS compared to another (of a similar 
typology and risk level)? 

The quality of the data available across different FRMSs within England and 
Wales varies.  This is to be expected.  As the risk varies from FRMS to 
FRMS, so too should the quality of the data. 

By comparing the data available in different FRMSs typical and best of breed 
standards can be established for different risk levels. Such standards will 
continually change as data is improved and what is considered typical and 
what is considered best of breed will need to be revised. 

 What impact does the pre-processing have on input data quality? 

These aspects are discussed in more detail below. 

5.6.1 Data #1 – Input data quality  

The focus of this test is on 'relative' quality of the input data provided to the pre-
processing tools. 

Through the parallel project, Measuring Confidence in NaFRA Outputs, the concept of 
a Flood Area Data Quality Indicator (DQI) has been introduced (as summarised in 
Appendix 2).  The Flood Area DQI is derived from the quality of the individual datasets 
(crest level etc).  Benchmarking the quality of the data available in different FRMSs 
with similar typologies and risk levels would provide useful insight into where it may be 
appropriate to improve data quality and what the current best practice represents. 

Proposed performance measures 

 Overall data quality ranking – a ranked ordering of each FRMS of similar 
typology and risk level by Flood Area DQI. 

 Individual data quality ranking – a ranked ordering of the quality of 
individual data (e.g. crest level) within each FRMS of similar typology and 
risk level by Flood Area DQI. 
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Note: Following completion of the National Measuring Confidence project, each Flood 
Area has been assigned a typology, an associated risk level and DQI.  This will enable 
each Flood Area to be benchmarked against others of similar typology and risk level. 

5.6.2 Data #2 – Improving data quality through alternative pre-
processing 

The focus of this test is on "absolute" rather than "relative" data quality and the role 
pre-processing has on this. 

Increasingly as the Agency roll-out MDSF2 there is an opportunity to improve the input 
data based on the results from local models and pre-analysis.  How much improvement 
can be expected (using reasonable effort) is currently unclear.  Equally, alternative pre-
processing approaches also exist.  If these alternatives were to be adopted how much 
improvement could be expected is also unclear. 

This benchmark test provides a framework to compare the performance of best 
endeavours local analysis and alternative pre-processing.  Individual data sets, used 
directly from well-defined available national databases with minimum modification (e.g. 
condition grade) are not included here (as no practical alternative is currently 
foreseeable).  Only those data that undergo some form of pre-processing, interpolation 
or have the potential for significant local improvement are included as part of the 
benchmarking process.  In most cases the reference case is provided through a 
process of 'ground truthing' (comparing post-processed results to on-the-ground 
values) or local analysis.   

The data sets and processing activities perceived to be a priority (based on current 
knowledge) include:  

 Impact Cell size – The national default based on a 50m Impact Cell grid 
generalises both terrain height and connectivity (and hence the flood 
pathways captured through the Impact Zones, flood depth outputs, as well as 
on defence ground height attribution). How would modification to the cell size 
change these and what would the impact on run times be? 

 Flood Area definitions – Flood Areas are the smallest independent spatial 
unit within MDSF2 and the NaFRA08 toolset.  Currently these are defined by 
the geometry of the river network and coastline.  Are these sensible and how 
would alternative approaches change these? 

Choice of primary defence and its location – Where available the national 
analysis uses actual defence position. 

Where the actual position is not given in the national databases this requires 
a representation of the defence or channel bank information to be 
transposed on to the generalised "defence tramline".  By comparing locations 
where the true location is known, the error this process introduces (and 
opportunities for alternative approaches) could be considered.  Equally, the 
selection of the primary defence line can have a profound impact on risk. 
How do alternative approaches change these? 

 Defence crest height – with MDSF2 and the NaFRA08 toolset a number of 
simplifying assumptions are made: 

- The first is that a single crest height is taken to represent a given 
defence length.  This may not be representative of a long and / or 
steeply sloping defence.  Relaxing this assumption would be possible 
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but the benefits of doing so are unclear.  Comparing the inflow rates 
based on a single crest or multiple crest levels for a range of real 
defences would provide a useful insight (an initial test has considered 
this and is discussed in Section 6). 

- In many instances crest height is estimated from Standard of Protection 
and water level where a measured crest height is not available.  The 
accuracy of this process is not known.  Simple comparison between 
estimated crest levels and known crest levels would provide useful 
insights. 

 Defence ground level – MDSF2 and the NaFRA08 toolset assign a single 
ground level to each defence.  

This is used to establish defence height (if one exists) and the natural bank 
level.  It also enables the breach invert level (if a defence exists) to be set. 
Understanding the accuracy of the current approach, through comparison to 
sampled values of known ground level or the use of a 'continuous' ground 
level description (or other alternative pre-processing) would provide a useful 
insight. 

 Interpolated water levels (river and tide) – As part of the NaFRA08 pre-
processing toolset water levels for a wider range of return periods are 
derived.   

The full range of water levels are interpolated based on, typically, two or 
three available return periods.  Where necessary, they are also interpolated 
spatially along the river channels and estuaries.  Simple comparison 
between estimated water levels and locally derived water levels across a 
range of return periods would provide useful insights. 

 Assigned defence type and fragility – The defence type is used to assign 
a fragility curve to be each defence.  

The way in which the defence type is assigned has remained largely 
unchanged since the original RASP R+D (summarised in Hall et al, 2002). 
The associated high level fragility curves have continued to be reviewed and 
updated (and have are currently being further updated). The credibility of the 
estimate of the probability of failure that results is largely unknown. Further 
comparison to locally generated fragility curves and observations from real 
events  will continue to provide useful insight.  Comparison of the existing 
approach with those adopted in local studies as well as international best 
practice, for example in the Netherlands and US, will also provide a useful 
insight into the reliability of the existing tools and data used to estimate the 
fragility . 

 Overtopping rates (coastal defences) – The NaFRA08 toolset relies upon 
the national database of overtopping rates (updated to include the new Defra 
extremes sea level analysis revised joint probability calculations).  

Comparison of the results from the automated analysis with more locally 
detailed models (reflecting the particular orientation of the defence, breach 
and toe levels, and defence structure - surface roughness, porosity and 
geometry) applied to sampled datasets would provide useful insights into the 
improvement achieved through the on-going update and the potential for 
further improvement.  By comparing alternative approaches to estimating the 
overtopping rates, all "upstream" processes are implicitly considered, 
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including wave and water level conditions (offshore and nearshore 
transformation, toe levels, etc). 

Note: No effort is made here to assess the relative importance of data 
improvements compared to model changes.  This will vary from location to 
location and is not the specific focus of the benchmark tests.  Equally, 
general improvements in data (for example developing the continuous 
defence line etc) are excluded, as such improvements to base datasets 
would be available to all modelling approaches.  

5.7 Benchmarking the decision assumptions and future 
scenarios 

Benchmarking the decision assumptions and future scenarios used in studies such as 
LTIS and SAMPs is included here for completeness.  Such issues, for example climate 
change, investment levels, costing etc, are all significant and worthy of attention within 
the context of this framework, however, they are beyond the scope of this current 
project and not considered further here. 

This is outside the scope of the current project and is not discussed further here. 
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6 Reference test sites and 
overview of initial tests 

6.1 Establishing initial reference sites 

Initial test sites have been established for the two most important floodplain typologies 
(determined by contribution to national Weighted Average Annual Damages (WAAD). 
The sites chosen to reflect these typologies were: 

 River Irwell (Catchment 6900, North West – fluvial, part of the Mersey 
catchment and includes central Manchester) - Figure 12 

 Conwy and Clwyd (Catchment 6600 – North Wales, predominantly coastal 
and tidal) - Figure 13 

Full details for each site is given in the Product Descriptions (Task 3.3a).   

Notes:  

#1 Floodplain-channel interaction within MDSF2 - Neither of the initial test sites 
included here provide detailed insight it this issue.  In the coastal / tidal example (River 
Clwyd), this is simply because feedback mechanisms are never used (availability of 
water is considered unlimited).  In the fluvial example, the downstream water level is 
adjusted based on the expectation of a breach in an upstream river segment.  The 
Irwell study site only has one segment and as such this mechanism cannot be applied.  
Allowing floodplain-channel interaction to be included only when there are multiple 
segments is a valid finding in itself. 

#2 The use of theoretical test sites were initially considered but rejected given that 
these were essentially recreating real test sites (and introduce additional complexities, 
such as how best to create an un-biased artificial DEM). 

6.2 Establishing the reference models  

For each test site reference data was extracted from a detailed local model (in both 
cases an ISIS-TUFLOW model).  MDSF2 models were created so that the benchmark 
tests could be evaluated.  Two tiers of MDSF2 modelling were evaluated in this case: 

 a Default MDSF2 was established using nationally available inputs and 
embedded calculations. This is broadly equivalent to the pre-2008 NaFRA 
modelling approach, where no local updating was applied. 

 a Reasonable endeavours MDSF2 model was established, improving upon 
the Default model by including local water levels, improved spatial 
representation of defences and updated crest levels, all derived from the 
associated ISIS-TUFLOW model. 

A summary of the reference datasets available from each test site is shown in Table 8. 
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Table 8 Reference datasets from each reference model (Clwyd and Irwell) 

 

6.3 Benchmark tests considered 

It has not been possible, in this study, to investigate all of the issues covered in the 
Benchmark Framework introduced in previous chapters.  To demonstrate the 
practicality approach, and derive initial insights, a small number of the benchmark tests 
have been applied to the River Irwell and a Flood Area in Conwy and Clwyd.  These 
are summarised in Figure 11 below. 

 

Figure 11 Focus of the benchmark tests completed in the initial studies 

Benchmarking Framework

Final results

(i.e. flood depth v probability)
Component Groups

- scenario inflow volumes

- scenario flood depths

Individual Components

- defence inflow volume

- breach size

- breach growth

- flood spreading

Probabilistic Simulation 
Framework

Input Data and Pre-
Processing Techniques

Decision Assumptions and 
Future Scenarios

Considered here

Partially considered here

Not considered here
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Figure 12 Reference benchmark Site: Irwell (with Flood Areas and Typologies) 
(Representative of typologies contributing 6% of national WAAD) 
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Figure 13 Reference benchmark site: Clwyd (with Flood Areas and Typologies) 

(Representative of typologies contributing 17% of national WAAD)  
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6.4 Key findings from the initial benchmark tests 

The initial tests reinforce much of our previous understanding.  In particular, the need 
to improve the estimation of inflow volumes (i.e. the amount of water that is being given 
to the flood spreading model) in MDSF2 has been demonstrated as a priority 
improvement.  

Full details of the recommendations emerging from these initial tests available within 
the supporting report (Task 3.4), and are further summarised below: 

 Improving the derivation of inflow volumes.  Inflow volumes are highly 
sensitive to the present method of representing crest levels (i.e. a single 
value per defence length), calculation of duration, hydrograph shape and 
lack of 'defence scale' channel-floodplain interaction.  Many of the 
discrepancies observed between the reference model and the MDSF2 
results can be attributed to poor inflow estimates alone.  

 Ensuring that the best available data is used when constructing MDSF2 
models.  The tests reinforce the need to use local data, and review of the 
data, as being the single most important consideration when building an 
MDSF2 model.  The Reasonable Endeavours model outperforms the Default 
model in all cases.  There is therefore a clear need to continue improving 
data quality in the various datasets that contribute to MDSF2 and NaFRA 
modelling. 

 Revisiting, and if possible removing, the reliance upon volume capping.  
Volume caps unrealistically control the fluvial inflows in the majority of tests.  
The present method of 'volume capping' is a crude control on inflow volumes 
and should be revised or, ideally, removed when (and if) errors in the inflow 
volume calculations (including interaction between the channel and the 
floodplain) have been addressed. 

 Simplifying the process of applying locally derived inflow volumes.  
Using user derived inflow volumes (as opposed to simply in-river water 
levels) is currently difficult to achieve (although not impossible).  To achieve 
this, additional guidance and/or tools may be required.   

 The performance of the RFSM is not the weakest link.  The tests highlight 
the dominance of inflow calculations when determining final flood depths and 
extents.  Improving only the RSFM alone is unlikely to significantly improve 
these predictions.   

 The quality of the final results reflects the performance of multiple 
components and data.  Improving only one aspect of the “analysis chain” 
(e.g. crest levels, duration, feedback mechanisms, flood spreading) will not 
necessarily generate an improved final result (i.e. flood depths, extents and 
ultimately economic damages).  Multiple components of this chain must be 
improved to generate a significant improvement; a conclusion echoed in the 
findings of earlier sensitivity studies.  
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7 Conclusions 

7.1 Nature of the framework 

A framework for benchmarking has been set out that is: 

 Comprehensive - covering all aspects of the NaFRA process and includes 
the performance of the (i) individual model components, (ii) component 
model groups (iii) probabilistic simulation framework, (iv) quality of the 
supporting data and associated pre-processing tools.  

 Insightful - setting out performance measures that help to clearly identify 
important strengths and weaknesses within the NaFRA analysis process. 

 Consistent and transparent - enabling a common understanding to be 
developed and proposed alternative approaches to be compared 
meaningfully and fairly. 

 Practical - application to initial benchmarks has demonstrated the 
practicality of the framework. 

7.2 Initial benchmark test sites and reference cases 

Two test sites (the Irwell and Clwyd) have been established. The two sites were 
selected based on analysis of NaFRA floodplain typologies and their relative 
importance in contributing to total national risk.  The test site data and supporting 
reference models (in both cases based on ISIS-TUFLOW) are now available to support 
further benchmarking activities.   

7.3 Initial findings 

Findings from these initial benchmark tests have been well received and provided the 
basis for structured debate.  This structured debate has further informed the WS4 
workshop and associated report. 

The initial findings highlight the estimate of floodplain 'inflows' as a dominant error in 
the existing approach.  Although this conclusion is considered robust (despite the 
limited number of tests undertaken) further benchmarking, covering additional 
typologies and a wider range of the benchmark tests proposed, will be needed to 
determine how best to address this issue. 

Inflow volume errors result from a combination of issues (load data, crest level data 
and analytical model).  Their impact on NaFRA results can be complex.  For example 
the initial benchmark tests revealed an instance where overstatement of the inflows 
apparently "improved" final flood depths that would have been understated by the 
RFSM if correct inflows had been provided; this is a case where benchmarking 
revealed a superficially "right" answer being obtained for the wrong reasons - and 
demonstrates the need for further benchmarking. 
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8 Recommended next steps 

8.1 Extensions of the visualisation tools 

The on-going developments to improve the visualisation of the results from individual 
model components, as well as component groups and simulation framework, would 
directly support the process of benchmarking.  In particular, tools should be developed 
to automatically output the benchmark performance measures.  

8.2 Extend the pool of reference test cases to examine 
additional typologies  

The initial benchmark tests provide very useful insights and should be extended to 
include additional typologies where either (i) they represent a significant proportion of 
the national risk or (ii) it is perceived that the performance of MDSF2 and the NaFRA 
toolset is poor, and this could lead to locally important challenges or otherwise 
compromise confidence in the NaFRA results.  

8.3 Complete a wider set of benchmark tests 

The initial benchmarking tests have covered only part of the benchmarking framework 
described in this report.  Further benchmarking activities should be undertaken to 
complete the benchmarking framework (ideally, in the first instance, building upon the 
two reference sites established here).  Priorities for further benchmarking activities 
include: 

 Data (understanding the relative data quality between similar Flood Areas) 

 Individual component (including future investigation in inflows and alternative 
methods) 

 Component groups (including the importance of floodplain-channel 
interactions and the alternative approaches to representing this) 

 Simulation framework (including alternative sampling and the integration 
approaches)  

8.4 Act upon the initial insights for benchmark tests 

Although not the central focus of this Work Stream WS3, the process of benchmarking 
has provided an excellent forum for wider discussions regarding priorities    In 
particular, the need to build a structured strategy for developing the NaFRA modelling 
(covering a range of timescales from 2 to 10 years) has emerged as a vital next step.  
Without this clarity of vision, it will be increasingly difficult to determine the best 
approach to addressing some of the deficiencies highlighted through the benchmarking 
activities presented here.  
 
A suggested approach to developing this programme that emerged from the Workshop 
(discussed in more detail in this project's Work Stream 4 report) is to arrange preferred 
options in time lines based on the four generic classes of: 
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 Fixes for effects of inadequacies in present NaFRA models and data - such 
as improving the volume and depth capping approaches 

 Fixes for causes of inadequacies in present NaFRA models and data - 
including more tactical changes to improve the way inflows are calculated 
through to more fundamental changes in the  modelling system (for example 
developing a dynamic time-stepping system analysis). 

 Expansion of benchmarking - a key recommendation (see above) 

 Development of alternative modelling approaches - through a greater 
separation of higher level 'national' and detailed 'local' analysis. 

The Work Stream 4 report also describes how insights gained from the benchmarking 
approach discussed in this report have helped to inform structured discussion of 
NaFRA improvement options, leading to a comparison of options and 
recommendations for future improvements.  Each workshop attendee was further given 
the opportunity to assign votes to each option; results of this process are recorded in 
the WS4 report. 
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Appendix 1 – Past studies of 
relevance 
Each project has attempted to verify (or determine the confidence in) the NaFRA 
outputs and identify the critical data sets and model components and prioritise future 
improvements. These studies have included: 

 NaFRA specific studies (based on the RASP HLM analysis engine – pre 
NaFRA 2008) 

- Independent review of the NaFRA model, JBA Consulting (2004) 

- Independent review of the NaFRA model, Royal Haskoning (2006) 

- Technical workshop comparing the insurance industry scenario models 
and NaFRA_RASP methods, Association of British Insurers (2007) 

 NaFRA specific studies (based on the RASP HLM+ analysis engine) 

- NaFRA 08 – Understanding and communicating our confidence in 
NaFRA 2008 – a trial study, HR Wallingford (2009) 

- NaFRA 08 – Uncertainty and sensitivity analysis 

- NaFRA 08 – Economic forensics  

- NAFRA 2009 – Data improvements, uncertainty and sensitivity analysis 
(I3 – Review of uncertainty and sensitivity analysis techniques) 

- NaFRA 2009 – Data improvements, uncertainty and sensitivity analysis 
(I4 – Review of model and coefficient uncertainty)  

- NaFRA 2010 – Data improvements, uncertainty and sensitivity analysis  

- NaFRA – Environment Agency internal analysis  

- NaFRA 2012 Measuring confidence in NaFRA outputs (this study) 

 Supporting studies (based on RASP HLM+ analysis engine) 

- Thames Estuary 2100: Phase 3(i) Studies, Topic 2.3: IA System flood 
risk model: Verification (2007) 

- System Asset Management Plans (SAMPs) forensics  

- Long Term Investment Strategy (LTIS) validation (planned, 2012) 

 Supporting studies (sensitivity, validation and benchmarking) 

- Exploring the sensitivity of RASP HLM+ to variations in input data and 
model parameters (2006) 

- Validation of probabilistic flood models SC090008/WP1 Phase 1 Final 
Report (ref) 

- Benchmarking 2D Hydraulic models 
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Appendix 2 – Impact of typology 
on the NaFRA results 
The performance of different aspects of the analysis will vary depending on the nature 
of the physical settings. Within the on-going project Measuring Confidence in NaFRA 
Outputs, a typology of these different settings has been developed at a Flood Area 
scale (the smallest independent spatial unit used within the RASP analysis that 
supports NaFRA) and is reproduced in Figure A1. 

Within the same study, those aspects of the supporting analysis and data considered to 
have the greatest impact on the confidence in estimate of flood depth / probability were 
also discussed. For example, Condition Grade is not relevant when the Flood Area has 
no raised defences (and hence any uncertainty in Condition Grade has no influence on 
our confidence in the NaFRA results in Flood Areas where raised defences are 
absent). Equally, in the context of the model components, the performance of the 
RFSM in complex urban settings or in steep valleys is likely to have a greater influence 
on the confidence in the resulting flood depths than in more gently sloping coastal 
floodplains or rural, less complex, floodplains. 

Tables A1 and A2, taken from the Measuring Confidence in NaFRA Outputs Stage 1 
report, presents those data and analysis components that are considered to be most 
important in different physical settings. The importance of each is noted as either 
having a significant influence (solid dots), a moderate influence (open dots) or no 
influence (blank) on the confidence in the depth and probability results. A summary of 
reasoning behind each assignment is also given. At present, the rationale is based 
largely on expert reasoning and interpretation of past studies (from those listed in 
Appendix 1). In the future, both the benchmarking activities and quantified uncertainty 
analysis proposed within the NaFRA Confidence Scoring project will provide more 
objective evidence. 

Both the typology and Tables A1 and A2 have been used to guide the benchmark 
activities (presented in the following sections) towards those aspects of the analysis 
process where greatest potential for improvement may lie. 
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Figure A1  Flood Area typology 
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Table A1  The influence of different data on confidence in the NaFRA outputs 
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Why is this important?

Source

Water level - in-river ● ● ●
Determines the load on the defences, and hence influences the likelihood 

of failure as well as the overflow heights and hence inflow volumes.

Water level - tidal ●
Determines the load on the defences, and hence influences the likelihood 

of failure as well as the overflow heights and hence inflow volumes.

Overtopping rates - coasts ●
Determines the load on the defences and hence influences the likelihood 

of failure as well as the overtopping inflow volumes.

Pathway

Asset

Crest level ● ● ● ●

Primary descriptor of the defence  level and hence is critical in determining  

the overflow/overtopping volume (and hence inflows) as well as the 

chance of chance (through the fragility curves).

Condition grade ● ● ○
Critical in determining how likely a defence is to breach under a given load 

(identifying which fragility curve to use)

Ground level ● ● ○

Determines the minimum invert level in the event of a breach and hence 

contributes to the potential inflow volume. Also determines the height of 

the defence (along with crest level).

Toe level ●
Influences the overtopping rate of a coastal defence and hence inflows and 

the chance of failure through the fragility curves.

RASP Type ● ○ ○
Ensures the correct fragility curve is assigned (not that the fragility curve is 

correct) - most important when potential breach has a significant role.

Fragility curves ● ○ ○

Determines the chance of failure under a given load. Only important if 

raised defences exist and more important where defences are large and 

hence potential breach inflows are large.

Standard of protection (SoP) ● ● ● ○

Influences the width of a breach (and allows the crest level to be 

estimated if not available through NFCDD, an aspect included through 

parameter DQS)

Length ○ ○ ○

Reflects how well averaged parameters are likely to reflect true condition 

and level of the defence. This is likely to be a secondary issue compared to 

the primary quality of the crest and condition information.

Floodplain

DEM ● ● ○

The DEM is fundamental to the flood spreading - the base DEM is averaged 

to an Impact Cell scale and informs the shape and flood storage within each 

Impact Zone. In less complex floodplains the accuracy of the DEM is less 

important in ensuring the flood pathways are resolved.

System spatial representation

Flood area protection type ● ● ● ● ●
Ensures the correct type of defence loads are identified (and hence the 

defence type and fragility is considered)

Primary defence location ● ● ○
Incorrect defence locations can cause gross errors in the results - from the 

wrong areas being protected through to incorrect ground levels assigned.

River network ● ○
Overly complex or incorrectly located river centre lines can cause gross 

errors in the results

● likely to have a high influence

○ likely to have a moderate influence

Flood Area DQS = the worst of The worst DQS of the solid dots (i.e. only as good as the poorest important input)

or

Average of the worst two DQS of the open circles (i.e. reflecting the weaker influence on results)

This is a sacrificing threshold approach rather than a weighting approach

What is the primary source of 

flooding (i.e. protection type)

Is the defence system 

complex? 

Are the floodplain 

flow pathways 

complex?

Are the linear 

defences large 

(high)?

Is the 

channel 

network 

complex?
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Table A2  The influence of different model components on confidence in the 
NaFRA outputs 
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Why is this important?

Variable model parameters

Valley type ○ ○ ○ ○ ○ ○
Influences breach volume

Cumulative upstream catchment area ○ ○ ○

Influences the base duration of  

hydrograph and hence the duration of 

overflow  (fluvial only)

Bank full discharge ● ● ●
The return period that initiates out of 

bank flow

Hydrograph multiplier ○ ○ ○
Influences the inflow volume (breach 

and non-breach)

Volume caps ● ● ●
Restricts the total inflow into any given 

Flood Area

Breach width multiplier ● ○ ○ Influences the breach inflow volume 

Sampling controls ○ ○ ○
Influences the degree of convergence 

required and the check points

Replaceable model components

Non-breach inflow calcs ● ● ● ●
Estimation of inflow volume for a given 

water level, crest level etc

Breach inflows ● ● ○

Estimation of inflow volume given 

breach for a given water level, crest 

level etc

Fixed model components

Sampling method ● ● ○

Efficient of analysis (runtime) and 

ensure all important combinations 

modelled

RFSM ● ○ ○ ○ ○ ● ● ○
Fundamental to the flooding process - 

the depth and extent for a given inflow

● likely to have a high influence

○ likely to have a moderate influence

Flood Area MPS = the worst of The worst MPS of the solid dots (i.e. only as good as the poorest important input)

or

Average of the worst two MPS of the open circles (i.e. reflecting the weaker influence on results)

This is a sacrificing threshold approach rather than a weighting approach

Are the floodplain 

flow pathways 

complex?

What is the primary source of 

flooding (i.e. protection type)

Is the 

channel 

network 

complex?

Is the defence system 

complex? 

Are the linear 

defences large 

(high)?



 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


