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1 Introduction 

1.1 Project background 

Method Improvements is a project of the National Flood Risk Assessment (NaFRA) 
Programme.  NaFRA supports the "Reducing Flood Risk" theme within the 
Environment Agency's Environmental Vision by furthering understanding and 
quantification of current exposure to flood risk and periodically updating this 
information.  NaFRA is a nested programme within the Investment & Funding 
Programme which in turn is part of the FCRM (Flood and Coastal Risk Management) 
Portfolio. 

This project has been split into two Work Packages.  This is the final report for Work 
Package 1 (WP1), which is a scoping study to investigate and recommend approaches 
for improving the way in which flood volumes, depths and damages are calculated in 
the NaFRA model.  The motivations for improvement are to enable NaFRA to include 
flood depth information that meets the needs of the Flood Risk Regulations 2009 and 
deliver improved EAD (Expected Annual Damages) information based on depth-
damage functions.  Work Package 2 of the project is intended to develop and 
implement improvements, informed by recommendations from this scoping study. 

This report is the main deliverable from WP1 and combines two products identified in 
the original Statement of Requirements. 

 A2 / B1 - Scoping Report.  The purpose of this report is to: 

- Identify and assess the technical options for improving flood volume, 
depth and economic information provided by NaFRA. 

- Assess the technical benefits and limitations of each proposed method 
improvement. 

- Review the relative benefits of technical improvements for known 
“problem cases”. 

 B2 - Costed Options and Recommendations Report.  The purpose of this 
report is to: 

- Present a business case for flood volume/depth method improvements 
and provide recommendations to be further developed and implemented 
as part of Work Package 2. 

- Identify where and how technical improvements could be incorporated 
into the NaFRA 5 year Business Plan. 

- Identify any residual implications of proposed method improvements for 
other aspects of the NaFRA product and the Environment Agency’s 
business. 

- Provide further recommendations for follow-on actions (to feed in to the 
NaFRA 5 year Business Plan) 
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1.2 Report evolution 

An initial draft of this Work Package 1 scoping report was submitted on 13 May 2011 
and used to inform a group of stakeholders in advance of a Method Improvement 
Workshop held in London on 19 May 2011. 

At the workshop, the group discussed the technical options and implementation 
approaches set out in the original draft report and provided feedback to the Project 
Executive.  The feedback has been incorporated in this second, substantially revised, 
version of the report. 

1.3 Terms of reference 

This scoping study is intended to consider improvements to the RASP Higher Level 
Method Plus (HLM+) methods as implemented within NaFRA and MDSF2 at a 
conceptual, rather than software, level.  JBA Consulting, who undertook this study on 
behalf of the Environment Agency, do not have access to source code for the NaFRA 
or MDSF2 toolkits and have undertaken this review based on the outputs of previous 
Environment Agency projects and commercial and research publications. 

The project scope included an assessment of improvements that can be implemented 
by using or modifying MDSF2, the RASP HLM+ methodology and other relevant 
developments not specific to MDSF2 and RASP HLM+, such as use of locally-available 
detailed models and emerging validation frameworks for probabilistic models. 

The scope does not include watercourses and sources of flooding not currently 
considered in NaFRA, or other method improvements not connected with improving 
flood volume and depth (specifically the project scope did not include the economic 
damages methodology or supporting data such as depth-damage curves). 

1.4 Report structure 

This report is set out as follows: 

Section 1 Introduces the aims and context of the project and establishes the terms of 
reference for the study. 

Section 2 Sets out the statutory and business drivers for improvements to the NaFRA 
methods. 

Section 3 Introduces an overarching strategy for assessing method improvement 
options and discusses the technical details and business considerations 
(i.e. cost, timescale and risk) for each proposed improvement. 

Section 4 Provides a prioritised list of method improvement options in terms of cost, 
risk, expected benefits and confidence of realisation. 

Section 5 Sets out a framework and outline programme for planning future method 
improvements. 

Section 6 Provides a series of recommendations for short and longer-term method 
improvements. 
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2 Requirements for NaFRA 
method improvements 

2.1 Basic drivers 

There are two fundamental sets of drivers that motivate improvements in the flood 
volume, depth and economic information provided by NaFRA.  These are the statutory 
drivers associated with the Flood Risk Regulations 2009 and the drivers associated 
with the Environment Agency's business uses of NaFRA outputs. 

2.2 Flood Risk Regulations 2009 

2.2.1 Flood Hazard and Flood Risk Maps 

The Flood Risk Regulations 2009 implement the EU Floods Directive within UK law 
and, in the first instance, require Preliminary Flood Risk Assessments (PRFAs) to be 
prepared by December 2011.  However, the Environment Agency exercised the 
“exception” option under Regulation 32 given the extensive flood mapping and risk 
management work already undertaken for main rivers, reservoirs and the sea.  This 
option provided a process to gain an exemption from preparing a PFRA for these 
sources of flooding. 

The next stages of the Regulations require the Environment Agency to produce flood 
hazard and flood risk maps for fluvial, coastal and reservoir flooding across England 
and Wales. 

The hazard maps require information about depth and velocity of flood waters, while 
the risk mapping requires additional information about the consequences of flooding.  
Mapping is required for low, medium and high probability flooding.  Under Regulation 
20, these probabilities are defined as 1 in 1000 (low), 1 in 100 (medium) and greater 
than 1 in 100 (high) annually, although it is the responsibility of the Environment 
Agency to define precisely what probabilities should be considered here. 

The deadline for publishing national flood hazard and risk maps is December 2013. 

2.2.2 Flood Risk Management Plans 

Part 4 of the Regulations require that flood risk management plans are put in place that 
cover the entire river basin network (i.e. England and Wales).  These plans will set out 
what the risk management objectives are, the measures proposed to achieve those 
objectives, including the costs, benefits and relative effectiveness of different options, 
and how the measures are to be implemented. 

As an essential part of the evidence base used in preparing these plans, the quality of 
information included in the flood hazard and flood risk maps is therefore very 
significant. 

The deadline for preparing flood risk management plans is December 2015. 
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2.2.3 Quality drivers 

The Regulations are not prescriptive about the accuracy or spatial resolution of the 
mapping, or the sophistication of the underlying modelling.  The quality drivers relating 
to use of NaFRA output data to meet the needs of the Regulations are therefore the 
credibility of the information and confidence that the Environment Agency has in 
making it publicly available. 

2.3 Environment Agency business requirements 

2.3.1 Current quality issues 

Improvements in the quality of NaFRA outputs are also driven by requirements 
stemming from other business users within the Environment Agency and externally by 
professional partners.  Key points are: 

 Concerns about the accuracy of depth information within NaFRA model, 
especially when used at a local level. 

 The impact of volume capping limits confidence in NaFRA outputs. 

 There is currently insufficient confidence in the NaFRA depth outputs to use 
full depth-damage relationships (i.e. Multi-Coloured Manual methods) when 
assessing economic impacts. 

There have been several studies to investigate quality issues within the NaFRA 
methodology; these were recently reviewed in detail by Halcrow1, who noted "that the 
estimation of volume entering the flood plain is a key model term in assessing the 
quality of NaFRA model results". 

Several studies2 3 4 have highlighted the problems with volume calculations stemming 
from inaccuracies in input data (which, it is hoped, adoption of MDSF2 by local teams 
should help to solve) and also from simplifications of breaching processes, defence 
fragility and floodplain/channel feedback mechanisms.  In addition, there are known 
limitations of the Rapid Flood Spreading Model (RFSM)5 6. 

                                                
 
1 DEFRA / ENVIRONMENT AGENCY, 2010. Validation of Probabilistic Flood Models. 
Environment Agency R&D Project SC090008/WP1. 

2 HR WALLINGFORD, 2009. Model Trial for Improving RASP Results in Multi-Channel 
River Situations. Technical Note MCM6235-01. 

3 HALCROW GROUP, 2009. SAMPs Benefit Calculation Project Report. 

4 HR WALLINGFORD, 2009. Understanding and Communicating our Confidence in the 
National Flood Risk Assessment 2008 - A Trial Study. Technical Report EX5953. 

5 HR WALLINGFORD, 2008. National Flood Risk Assessment 2007 Rapid Flood 
Spreading Model. Technical Report EX5677/PD311. 

6
 DEFRA / ENVIRONMENT AGENCY, 2010B. Benchmarking of 2D Hydraulic Modelling 

Packages. Environment Agency Science Report SC080035/SR2. 
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2.3.2 Quality objectives 

Successful implementation of improvements to the NaFRA method will help to address 
the issues noted above, and more broadly add value by: 

 realising benefits from data improvements such as better digital terrain model 
(DTM) and flood defence data; 

 improving the general level of confidence in NaFRA outputs; and 

 enabling better analysis of future flood risk and flood risk management 
options and policies. 

In assessing the importance of the potential benefits of method improvements, it is also 
useful to consider the broad range of uses for NaFRA outputs. 

2.3.3 Business uses of NaFRA outputs 

In addition to the requirements associated with the Flood Risk Regulations 2009, uses 
of NaFRA in the Environment Agency's business are or have been: 

 To provide information on the likelihood of flooding to the insurance industry 

 To support the development of the Environment Agency's Long‐Term 
Investment Strategy (LTIS) 

 To provide an indication of the damages arising from flooding in each Flood 
Risk Management System (with and without defences and channel 
maintenance) to support the development of System Asset Management 
Plans (SAMPs) 

 To support the national prioritisation and allocation of capital investment 

 To provide information for outcome/performance measures 

 To enable Government to report on their Departmental Performance Target 
(with HM Treasury) and secure funding for FCRM in England and Wales 

 To support regional strategic planning (including specific uses of the RASP 
HLM+ methods in the TE2100 and Humber strategies) 

 To inform habitat creation assessments under climate change 

 To take a risk-based approach within FCRM processes, for example by 
looking at the residual risk in LLFAs to prioritise involvement, or for use as an 
initial screening tool when considering how much resource to put into 
reviewing a site-specific flood risk assessment 
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3 Method improvement options 

3.1 Basic principles and assumptions 

Initially, the scope for method improvements considered by the Project Team was set 
against a very wide range of possible future approaches to the production of NaFRA 
outputs.  These included re-use of detailed local hydraulic modelling for the floodplain 
and both central and locally-led modelling using a combination of MDSF2 and the 
existing NaFRA toolkit. 

Discussion at the Method Improvement Workshop on 19 May 2011 helped to refine the 
scope of feasible improvement options by confirming a number of important 
assumptions and principles, which have subsequently been clarified with the 
Environment Agency (Project Board telephone conference call, 21 June 2011). 

3.1.1 Basic NaFRA methodology 

The workshop discussed the basic assumption that NaFRA outputs are produced using 
the RASP HLM+ methodology. 

National quality drivers, such as consistency, confidence and improving depth 
probability information suitable for the Flood Risk Regulations 2009, apply to NaFRA 
data improvements delivered through the RASP/MDSF2 process. 

Additional local justification or drivers would be needed to supersede MDSF2/RASP-
produced data with a detailed local probabilistic model (whatever form that may take). 

3.1.2 Future production process for NaFRA 

The process by which NaFRA is produced and managed is set to evolve and there are 
three broad options under consideration: 

1. Retain the existing NaFRA software toolkit and update NaFRA centrally. 

2. Local updates of NaFRA using MDSF2, with every Area committed to 
updating every NaFRA catchment by an agreed date. 

3. Central use of MDFS2 to update NaFRA with local teams undertaking 
validation checks. 

Note that the options listed above are not the subject of evaluation in this project.  They 
are discussed here because they set important context for the way in which potential 
technical improvements could be developed and implemented, how benefits may be 
realised and where there could be associated risks or costs. 

Also, the options are not entirely exclusive.  It is possible that a combination of local 
updates with some central capability (items 2 and 3 above) will be adopted. 

It appears from workshop feedback and subsequent discussion that item 1 above is the 
least likely approach to be taken.  Although there remains some uncertainty about the 
precise nature of local involvement in NaFRA, it is assumed that some degree of 
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NaFRA work will be undertaken locally.  For these reasons, the following assumptions 
have been made in this study: 

 MDSF2 is the key tool for production of NaFRA data and products in the 
future. 

 MDSF2 will be the tool used by local teams to produce the data that will 
make up the NaFRA products. 

 The NaFRA product will be based on a patchwork approach of locally-led 
MDSF2 and existing, centralised NaFRA data (eventually this could, 
potentially, extend to other probabilistic modelling approaches based on 
detailed, locally-available modelling, but this is not currently available for 
implementation into NaFRA). 

3.1.3 Implications for method improvements 

One of the key implications of these points is that the focus of the method improvement 
scoping is appropriately placed on improvements to the current NaFRA production 
process, using the RASP HLM+ methodology as implemented in the MDSF2 software 
or potentially still in the existing NaFRA software tools, should these be retained. 

Alongside this methodology, on-going Environment Agency R&D has been exploring 
the use of detailed, locally-available hydraulic models outside the RASP HLM+ 
procedure in probabilistic flood risk modelling. 

The present study does not rule out future potential adoption of these alternative 
methods based on detailed local modelling, but they are not presently considered as 
part of a "top-down" option for NaFRA improvement; rather it is assumed that any 
uptake of detailed, locally-available modelling through a non-RASP process will be 
motivated and justified on a location-by-location basis (i.e. a locally-led justification).  It 
is noted that the production of NaFRA product data through this route is consistent in 
principle with the concept of a patchwork approach to NaFRA production and any such 
detailed local probabilistic modelling is expected to generate suitable flood depth and 
probability information. 

3.1.4 Timing 

The Flood Risk Regulations 2009 are a key driver for method improvements in order to 
give the Environment Agency the ability to improve NaFRA by December 2013.  
However, it is likely that a risk-based approach is taken to updating NaFRA in higher-
risk or politically sensitive locations prior to December 2013. 

3.2 What is "good enough"? 

Drivers are not prescriptive 

An important outcome from both the earlier review of statutory and business 
requirements (REF) and the stakeholder workshop on 19 May 2011 is that there is 
currently no simple, objective specification or standard to define what is considered 
"good enough" for the quality of NaFRA products. 
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The statutory drivers stemming from the Flood Risk Regulations 2009 do not prescribe 
quality measures and business users of NaFRA outputs have not articulated an 
objective quality specification for these data. 

Existing quality criteria 

A mixture of qualitative and quantitative quality measures have been applied in 
previous studies that have investigated uncertainties or sources of error in the NaFRA 
methods.  The NaFRA 2007 validation pilot studies on 12 catchments7 set success 
criteria for the assessment of NaFRA outputs.  These were essentially based on 
comparisons with Flood Map data, analysis of how much post-processing adjustment 
was made to the "raw" outputs and subjective QA by local Environment Agency staff. 

In practice, the history of NaFRA suggests that local acceptance and confidence in the 
NaFRA outputs is an important factor.  Part of the reason for the lack of objective 
quality measures is a lack of accepted reference data or benchmark tests against 
which the NaFRA outputs can be tested.  A review of NaFRA 2008 economic damage 
calculations8 identified criteria for acceptance of EAD results based on source, 
pathway, receptor and consequence information, as well as a test of local acceptance 
of probability results.  The relevant criteria (that is, excluding criteria relating to 
economic calculation which is not in the scope of this project) are listed in Table 3.1. 

Table 3.1  Quality criteria proposed by Independent Review of the Economic 
Damage Calculation within NaFRA 2008(8) 

Source One dimensional water level data loaded onto NFCDD and flagged as 
suitable for use by RASP 

Pathway Recognition of raised defences (as against maintained or natural 
channels) with crest level surveyed and checked as suitable for use 
by RASP 

Receptor Probability is unchallenged by local team or, if scrutinised, is 
understood and deemed acceptable/defensible 

 

These "source" and "pathway" criteria could be met by the move to local adoption of 
MDSF2 and use of best available water level and defence data, combined with local 
scrutiny of the MDSF2 outputs.  This will depend on appropriate and skilful use of 
MDSF2.  There are improvements recommended later in this report that seek to 
improve the capability for scrutiny and understanding of how probability results have 
been obtained. 

While the above criteria for sources and pathways check that suitable input data has 
been applied, they do not in themselves guarantee quality in the NaFRA output.  As 
noted in Section 2.3.1, other studies have revealed quality issues that relate to sub-
processes within the NaFRA model.  There have not been systematic tests of potential 
NaFRA method improvements to explore the impacts of uncertainties in all possible 
data sources and sub-processes, but previous analysis of sensitivity and uncertainty 

                                                
 
7 HALCROW GROUP AND HR WALLINGFORD, 2008. Validation Pilot Results Report. 

8 JB CHATTERTON & ASSOCIATES, 2009. Independent Review of the Economic 
Damage Calculations within NaFRA 2008. 
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noted that a combination of errors in input data and model processes may give rise to 
uncertainty in the outputs that varies from location to location9. 

Implications for understanding benefits of improvement options 

What this means for the scoping of improvement options is that it is impossible to know 
in advance precisely how far any one method improvement could deliver quality 
improvements in NaFRA outputs. 

Based on knowledge of current sources of errors affecting the NaFRA model we can 
attempt to assess the potential of method improvements, albeit on a qualitative basis.  
There is a subjective element to this assessment and hence it may be that the benefits 
that can be realised from method improvements need to be re-assessed as those 
method changes are implemented.  Hence we have identified a staged approach to 
planning and delivering method improvements, as discussed in Section 3.3. 

Method improvements may include improved understanding of quality 

The quality criteria proposed by the Independent Review of the Economic Damage 
Calculation within NaFRA 2008 include a check that "probability ... is understood and 
deemed acceptable/defensible".  By implication, there has to be some basis for 
understanding how a given probability output has been generated, which is difficult to 
do without some facility to look at the results of intermediate processing within the 
NaFRA model (assumed here to mean MDSF2, in practice). 

More generally, there were views raised at the 19 May 2011 workshop that greater 
understanding of the quality of NaFRA outputs would help improve confidence in 
NaFRA.  There are two possible routes by which this confidence could accrue: one is 
that understanding of apparent faults in the outputs would help to identify corrective 
actions; the second is that even where results cannot readily be corrected, it is better 
overall to know more about where and why there are problems in the outputs. 

The need for benchmark tests 

Following on from the above discussion, we have also identified a need to develop a 
suite of benchmark or reference tests against which methodological improvements can 
be assessed.  These should cover the range of situations in which problems are known 
to exist in the NaFRA methods, including steep catchments, pumped catchments, 
braided channels and secondary defences (or, more generally, complex and inter-
dependent water level management systems that serve a flood defence function).  The 
way in which the test cases are used is not prescribed but they could be used with 
input from local teams to assess the performance of method improvement options. 

                                                
 
9
 ENVIRONMENT AGENCY (2007) Exploring the sensitivity of RASP HLM+ to variations in 

input and model parameters, R&D Technical Report SC050064/SR, HR Wallingford, May 2007. 
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3.3 Overall strategy 

3.3.1 Staged improvements 

The wide range and potential implications of method improvement options mean that 
we need to consider improvements as part of an overall strategy 

Improvements should be managed through a staged process as follows.  The level of 
effort and investment at each stage will naturally vary in line with the costs and risks 
associated with any option.  For example, a very low-cost, low-risk option could be fast-
tracked taken from Stage 1 through to implementation with little intermediate 
development work or testing.  However, more costly or risky options for method 
improvements could follow the staged approach as a series of gateways. 

 

 

Figure 3.1  Summary of the 6-stage method improvement process 

Stage 1: Identify need 

This scoping study has identified needs for improvement (Chapter 2) as a starting point 
for developing a programme of options for NaFRA method improvements.  Whilst the 
study has captured the current situation, it may be that in future there are additional 
requirements that arise either from changes in the use of NaFRA or possibly because 
technical changes to the method lead to further knowledge about where improvements 
are most needed.  Hence the need for improvements should always be kept under 
review. 

Stage 2: Initial assessment 

For any improvement option, there should be an initial assessment of the potential 
benefits and how likely it is these can be realised.  This report attempts to provide a 
first assessment, although, as noted above, there is a lack of information in many 
cases against which to form a rigorous understanding of the benefits that could be 
obtained from any given option.  If the recommendation for development of 



 

 NaFRA Method Improvements Scoping Study - Final Scoping Report 11 

benchmarks is taken up then this will help in the initial assessment of technical method 
improvements if limited tests can be carried out. 

However it cannot be avoided that for a very complex system model such as the 
NaFRA model, quality improvements are likely to be sensitive to changes in a 
combination of data inputs or model sub-processes.  For this reason it has to be 
accepted that the improvements and benefits realised from various technical method 
improvement options are not precisely predictable.  For more costly or risky 
developments, early checks against benchmark test cases should help to make more 
confident initial assessments of likely benefits. 

Stage 3: Develop 

For some technical improvement options there would be a requirement to undertake 
development work (e.g. software code development).  For others, the development 
work that is needed may be more to do with guidance or pre-processing of data sets. 

Stage 4: Test 

Testing here refers to purely technical tests of an improvement option to ensure that 
the method changes work as intended.  Tests will include checking software for bugs or 
that users can follow new guidance notes. 

Stage 5: Evaluation of improvements prior to implementation 

Stage 5 is a critical stage of the improvement process.  This is envisaged as an 
evaluation to determine whether a change in the NaFRA production process should be 
rolled-out into practice, i.e. actually implemented in the production of NaFRA products. 

Any improvement option should be evaluated (after development and running tests of 
the improved method) to determine whether the improvement is suitable for 
implementation in the production of NaFRA. 

Questions that should be asked in deciding whether to implement an improvement 
option into NaFRA production should include: 

 Do test and benchmarking results suggest that confidence in the NaFRA 
outputs will be increased by implementing the method improvement?  This 
may be led by local teams' evaluation of the NaFRA outputs but should also 
consider the range of NaFRA users within the Environment Agency and 
external customers. 

 What are the options for implementing the method improvement?  For 
example, is a national run required or is it only likely to improve confidence in 
particular situations (e.g. defended locations or multi-thread channels)? 

 What are the business implications, resource requirements and timescales 
associated with the different implementation options?  Examples include 
degree of input from local vs. centralised staff, computing resources and run 
times.  Consideration of these factors will help to establish the costs 
associated with the different implementation options. 
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 Are there significant risks in implementing the improvement option? 
Examples include those associated with data dependencies, skilled/local 
resource requirements and meeting statutory deadlines. 

 Can the value of the improvement be demonstrated and assessed 
quantitatively or qualitatively? 

The requirements for this pre-implementation evaluation stage should also be taken 
into account when planning benchmark test cases (see Section 3.2), such that the 
benchmark tests will help to answer the above questions. 

3.3.2 Programme structure 

At the workshop, three types of improvement were identified: 

 "Quick win" technical improvement options with a relatively low risk attached 

 Maintenance and update activities 

 Options requiring further, longer-term development with a higher risk 
attached 

Quick win improvements are defined as those that can be delivered ready for 
implementation by December 2012.  This means that these actions will be developed 
(although any technical development is likely to be minimal and low risk), tested and 
the improvements evaluated.  The improvements will then be ready to be used in the 
production of NaFRA from January 2013 onwards.  However, this programme may 
need to be accelerated if NaFRA outputs are used to form the basis of the flood hazard 
and flood risk mapping required under the Flood Risk Regulations 2009. 

Maintenance and update activities are actions that offer improvements to NaFRA by 
incorporating updates to embedded data and functions (e.g. water level loadings and 
fragility and depth-damage curves) or allowing for more efficient re-use of locally-
improved data in future scenario analysis.  These actions should require minimal 
changes to software or code but will require careful coordination to ensure that updates 
are rolled out in a managed fashion.  The “development” time for these improvements 
is small, comprising largely of the preparation and checking of data sets, but the 
options should still be tested. 

Options requiring further development are technical improvements to embedded data, 
process models or the NaFRA production process that are more ambitious in scope, 
requiring substantial technical development that may preclude delivery for 
implementation by December 2012 and could be significantly more costly or risky than 
quick win improvements or maintenance/update activities.  These options are likely to 
involve some element of further research or model code development and may need 
more extensive testing in order for the realisation of potential benefits to be assessed 
with confidence.  Developments of this type are linked to moving the MDSF2 RASP 
engine to a time-stepping formulation (with improvements to hydrograph inputs, breach 
flow and flood spreading models). 
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3.4 Method improvement options: overview 

The three tables presented in this section list improvement options identified through 
the initial scoping work and after workshop feedback. 

3.4.1 "Quick win" improvements 

Table 3.2  Overview of "quick win" improvements 

Option Why Needed Intended Benefits 

Expose key MDSF2 RASP 
parameters (size of Monte 
Carlo sample, convergence 
tolerance) to user, with 
additional guidance and 
training 

Allow user greater control 
over risk calculation to 
ensure parameters are 
appropriate for the location 
and study requirements. 

Exposed parameters could 
contain previously-agreed 
defaults to ensure national 
consistency if required. 

Remove the current "one 
size fits all" restriction in 
MDSF2. 

Allow user to investigate 
important sensitivities in 
the risk calculation 
process. 

Improve MDSF2 output 
options for validation tests, 
in particular RFSM depth 
grids and sampled system 
states 

To open up the "black box" 
and allow users to 
interrogate the key 
intermediate stages (e.g. 
RFSM depth grids and 
sampled system states) of 
the risk calculation.  Users 
may then compare these 
intermediate outputs with 
their locally-held data/ 
knowledge of the "real 
world" flood system. 

Increase the transparency 
and auditability of the risk 
calculation. 

Increase Environment 
Agency understanding and 
trust in MDSF2 outputs. 

Simple visualisation tools 
to assist validation 

Allow user to validate 
individual/multiple 
scenarios from source to 
receptor. 

Increase the transparency 
and auditability of the risk 
calculation. 

Increase Environment 
Agency understanding and 
trust in MDSF2 outputs. 

Increase spatial resolution 
of DTM data used in 
setting up RFSM (but no 
change in Impact Cell/Zone 
sizing) 

To incorporate additional 
topographical detail in the 
flood depth calculations. 

Improve the representation 
of topography in RFSM 

 



14  NaFRA Method Improvements Scoping Study - Final Options Report  

3.4.2 Maintenance and updating activities 

Table 3.3  Overview of maintenance and update activities 

Option Why Needed Intended Benefits 

New extreme sea level 
estimates (SC06006410) 

Current information on 
design sea level conditions 
is not consistent around the 
country and is now 
considered out of date. 

To ensure NaFRA / 
MDSF2 is using the best 
available information on 
coastal flood boundary 
conditions. 

Incorporate EUROTOP 
wave overtopping 
estimates 

The new EUROTOP 
manual incorporates 
improved understanding of 
wave overtopping 
processes that have been 
acquired from a number of 
European research 
projects during the last 
decade. 

To ensure NaFRA / 
MDSF2 is using the best 
available information on 
coastal flood boundary 
conditions in defended 
areas. 

Data set for improved 
extreme loading data that 
consolidates locally-led 
improvements 

Use of water level 
information from locally-
held river/coastal flood 
models where available 
should improve the flood 
volume calculation in areas 
most at risk. 

Maximise the value of 
investment in detailed 
modelling studies. 

Allow more-
appropriate/sophisticated 
hydrological modelling to 
be used if required. 

Increase local ownership 
and trust in MDSF2 
outputs. 

Data set for improved 
inflow volumes that 
consolidates locally-led 
improvements 

Use of overtopping rates 
and breach outflow 
volumes from locally-held 
river/coastal flood models 
where available should 
improve the flood volume 
calculation in areas most at 
risk. 

Maximise the value of 
investment in detailed 
modelling studies. 

Allow more-
appropriate/sophisticated 
breach modelling to be 
used if required. 

Increase local ownership 
and trust in MDSF2 
outputs. 

Incorporate improved 
fragility curves (e.g. using 
RELIABLE tools11) 

Allow user to use local 
asset information to 
improve on the library of 
standard fragility curves 

Maximise the value of 
investment in asset system 
management. 

Increase local ownership 

                                                
 
10

 DEFRA / ENVIRONMENT AGENCY, 2011. Coastal Flood Boundary Conditions. Environment 
Agency R&D Project SC060064. 
11

 HR WALLINGFORD, 2009. RELIABLE - Reliability Analysis of Flood Defence Structures. 
Software tool factsheet downloaded from www.floodsite.net on 10 June 2011. 

http://www.floodsite.net/
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Option Why Needed Intended Benefits 

currently used in MDSF2. and trust in MDSF2 
outputs. 

3.4.3 Further, longer-term developments 

Table 3.4  Overview of further, longer-term developments 

Option Why Needed Intended Benefits 

Fluvial load model 
improvements to generate 
probabilistic hydrograph 
duration or shape data 

Flood volume has been 
identified as a critical 
variable and a move to a 
time-step based NaFRA 
model (associated with 
dynamic breach modelling 
or flood spreading) will 
place even greater 
emphasis on volume 
assumptions, yet the 
hydrological basis for the 
NaFRA analysis is not 
discussed in any of the 
quality tests we have 
reviewed.  It may be 
appropriate to make use of 
a critical duration analysis 
or explore using a 
probabilistic approach in 
setting hydrograph 
volumes. 

To ensure that the 
fundamental hydrological 
inputs to the NaFRA flood 
risk model are not unduly 
limiting the accuracy of the 
hydraulic system model 
outputs. 

 

Incorporate dynamic 
breach model (e.g. 
Simplified HR Breach) 

To replace the very simple 
method of calculating 
breach volumes with more 
robust, physically-based 
process models.  The 
current method has not 
been updated since the 
original RASP R&D 
project12 and highly-
efficient, reduced-
parameter alternatives are 
now available. 

Improve physical basis 
(and thus accuracy) of 
breach volume 
calculations. 

Develop specific process 
model for pumped 
catchments 

To improve the quality of 
MDSF2 modelling in low-
lying, pumped catchments. 

Increase local trust in 
NaFRA / MDSF2 outputs 
for low-lying, pumped 
catchments. 

Make use of detailed asset 

                                                
 
12

 HR WALLINGORD, 2004. National Flood Risk Assessment 2004 Supported by the RASP 
HLM Plus Methodology. Technical Report SR 659. 
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Option Why Needed Intended Benefits 

system knowledge/ 
information held by Internal 
Drainage Board partners. 

Update RFSM to Dynamic 
RFSM inundation model 

Improve level of hydraulic 
process representation 
within the existing RFSM 
model structure. 

Dynamic RFSM is likely to 
be very computational 
efficient at a range of 
spatial scales.  It should be 
particularly effective for 
broad-scale applications, 
where sub-grid topography 
can be incorporated within 
coarse computational 
meshes and not impact on 
model run times.  Regular 
grid-based models, such as 
LISFLOOD13, average out 
the topography when 
applied to coarse resolution 
meshes, leading to a 
reduction in the quality of 
results, when compared to 
Dynamic RFSM. 

Mathematical basis should 
ensure model produces 
reliable velocity and hazard 
rating information.  
However, the usefulness of 
this information will be 
dependent on the 
resolution of the 
computational mesh as 
there will be no velocity 
and hazard rating below 
the Impact Zone scale. 

Update RFSM to 
LISFLOOD-Inertial14 
inundation model 

Improve level of hydraulic 
process representation and 
apply across a regular grid 
of high-resolution Impact 
Cells (i.e. remove irregular 
Impact Zone computational 
elements). 

Computationally efficient at 
fine spatial scales. 

Mathematical basis should 
ensure model produces 
reliable velocity and hazard 
rating information.  This 
information will be much 
easier to calculate and map 
across a regular grid. 

Add facility to "plug in" any Improve level of hydraulic Allow use of more familiar / 

                                                
 
13

 BATES, P.D. AND DE ROO, A.P.J., 2000. A Simple Raster-Based Model for Flood Inundation 
Simulation. Journal of Hydrology, 236 (1-2), 54-77. 
14

 BATES, P.D., HORRITT, M.S. AND FEWTRELL, T.J., 2010. A Simple Inertial Formulation of 
the Shallow Water Equations for Efficient Two-Dimensional Flood Inundation Modelling. Journal 
of Hydrology, 387 (1-2), 33-45. 
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Option Why Needed Intended Benefits 

suitable 2D hydraulic 
model 

process representation 
within the flood depth 
calculations. 

suitable hydraulic 
modelling software where 
required. 

Important first step towards 
developing MDSF2 as a 
"plug and play" software 
system where alternative 
models can be substituted 
in at each stage of the risk 
calculation process. 

Support and maintenance 
is handled by a third party. 

Add facility to "plug in" 
suitable 1D/2D linked 
hydraulic model 

Improve level of hydraulic 
process representation 
within the flood depth 
calculations. 

Allow representation of 
dynamic channel-floodplain 
interactions.  The dynamic 
linking of water levels in the 
channel and floodplain 
across a Flood Area 
system should remove a 
number of problems 
associated with the current 
"de-coupled" configuration. 

Maximise the value of 
investment in linked 1D-2D 
hydraulic models. 

Develop model for 
secondary defences and 
“higher order” asset 
interdependence (for 
example failure of primary 
defences increases load on 
secondary defence line or 
point assets, leading to a 
further failure). 

Extend the current RASP 
methodology to allow for 
the performance of 
secondary defences within 
a flood area or of assets 
where there is dependency 
because the loading on 
one asset is conditional on 
the performance of (an) 
other asset(s). 

Broaden the scope of the 
NaFRA method to account 
for systems with secondary 
defence lines or more 
complex inter-dependent 
assets. 

 

3.5 Method improvement options: detailed description 

This section presents in more detail the method improvement options identified above, 
including an assessment of the potential benefits, risks to the business, and what is 
needed to pass through the process of development, testing, evaluation and 
implementation (i.e. Stages 3-6 in Figure 3.1).  Costs associated with each option are 
set out in Section 4. 
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3.5.1 "Quick win" improvements 

Improvement Expose MDSF2 RASP parameters to user, with additional 
guidance and training 

Overview What will this allow local teams to do? 

Scrutinise the aspects of the MDSF2 probability/depth calculation 
that relate to how the Monte Carlo sampling is carried out. 

Is there capacity to implement this? 

Yes.  Changes to software would be straightforward.  However 
there will need to be some guidance issued to help teams 
understand how to use the additional flexibility to check results. 

How will this lead to increased confidence in NaFRA? 

This may help to gain understanding of the results where the 
probability grids are being checked, in particular by checking 
whether the results are sensitive to the probabilistic procedure (or, 
by a process of elimination, whether it is the loading data or flood 
spreading that is suspect). 

Is it possible to estimate a range of how effective the improvement 
might be? 

Limited scope for improvement to results but more extensive scope 
for improvements in confidence through greater understanding of 
the robustness of the probability results. 

Development Details: Provide additional functionality via the MDSF2 Graphical 
User Interface (GUI) to allow users greater control within 
predetermined limits over key risk calculation parameters 
controlling Monte Carlo sample size and convergence checks. 

Exposed parameters could be "advanced options" in addition to the 
previously-agreed default options.  It is important to retain the 
original defaults within the software to ensure national consistency 
if required. 

Increased software functionality will be accompanied by clear 
supporting guidance written specifically for non-expert users within 
local teams.  Local users will be able to use test sensitivity of 
results in order to check robustness of probability calculation. 

Fixing these parameters was a deliberate design decision made 
during the development of the MDSF2 software.  It should 
therefore be relatively straightforward to expose the parameters 
and make them configurable by the user.  Some additional 
guidance and training should be produced to help users 
understand the role of the sample size parameter. 

Timescale: 1-3 months 

Risks: Low 

Testing Details: Simple software bug testing. 

Timescale: <1 month, concurrent with evaluation 
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Improvement Expose MDSF2 RASP parameters to user, with additional 
guidance and training 

Risks: Low 

Evaluation Details: Local users should be consulted to ensure level and scope 
of guidance/training is appropriate.  Supporting materials must 
ensure that the relationship between the new parameter choices 
and MDSF2 outputs is well understood across a broad range of 
catchments and help users to provide robust evidence as to why 
certain parameters have been changed. 

Some analysis of sensitivity of results to parameter choices could 
be undertaken as part of this evaluation phase, or the 
recommended as part of local production. 

Timescale: 1-3 months, concurrent with evaluation 

Risks: Moderate 

Implementation Details: Issue guidance/training alongside update to MDSF2. 

Timescale: Adds very little work to an MDSF2 run, increase in 
calculation (computer) time. 

Risks: High - users may wish to increase the Monte Carlo sample 
size too much, causing MDSF2 runs to take longer, although this 
should be mitigated by good guidance/training.  Potential loss of 
national consistency if not supported by adequate guidance. 

 

Improvement Improve MDSF2 output options for validation tests 

Overview What will this allow local teams to do? 

Scrutinise the internal calculations carried out by MDSF2 to see 
how a probability/depth result has been computed. 

Is there capacity to implement this? 

Yes.  Changes to software would add a little complexity but would 
be optional.  There will need to be some guidance issued.  Results 
could be output to GIS or shown in graphical form.  Main output 
would be a list of modelled hydraulic loads and defence failures 
with corresponding depth grids. 

How will this lead to increased confidence in NaFRA? 

Better understanding of how results have been derived when 
probability grids are being checked.  Where results are being 
challenged, this option will allow checks of whether the floodplain 
hydraulics model is causing problems. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Limited scope for improvement to results but would help improve 
confidence anywhere through greater understanding of the 
robustness of the depth results and identifying or eliminating flood 
spreading as a potential issue. 
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Improvement Improve MDSF2 output options for validation tests 

Development Details: Add functions to export individual RFSM depth grids and 
system state information (i.e. which defence assets have been 
sampled as failed).  Would be useful to allow a user to export the 
grids for all load levels (maximum 39) simulated for a specific 
defence failure combination (sample). 

Timescale: 4 months 

Risks: Low 

Testing Details: Code/bug testing. 

Timescale: <1 month, concurrent with evaluation 

Risks: Low 

Evaluation Details: Seek feedback from expert users regarding scope to use 
the outputs in validation of results 

Timescale: <1 month, concurrent with evaluation 

Risks: Low 

Implementation Details: Allows users more scope to validate results or make 
adjustments to NaFRA outputs during post-processing.  Care 
would need to be taken to implement this in a user-friendly way 
since potentially many scenarios/runs could be exposed.  Clear 
guidance would be required for selecting and interrogating key 
system states. 

Note that this option only improves understanding of how MDSF2 
is performing for a particular location, rather than improving model 
performance itself.  Users will therefore require additional guidance 
that sets out what might be done to improve performance if 
"default" outputs are deemed unsatisfactory (e.g. improve input 
data or increase Monte Carlo sample size). 

Timescale: Could only be used in cases where local teams 
question MDSF2 outputs as an aid to understanding possible 
sources of error.  Should not add to core MDSF2 run time. 

Risks: Moderate - if results suggest inaccuracy in floodplain 
modelling in particular locations it may result in further adjustments 
to outputs, requiring more time. 
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Improvement Simple visualisation tools to assist validation 

Overview What will this allow local teams to do? 

Scrutinise the internal calculations carried out by MDSF2 to see 
how a probability/depth result has been computed. 

Is there capacity to implement this? 

Yes.  Changes to software would add little complexity for users.  
Results shown immediately in graphical form as a cross section of 
depth for an RFSM run. 

How will this lead to increased confidence in NaFRA? 

Quick aid to understanding of how results have been derived.  
Where results are being challenged, this option will allow users to 
understand whether more detailed checks of the floodplain 
hydraulics model are required. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Limited scope for improvement to results but would help improve 
confidence anywhere through greater understanding of the 
robustness of the depth results and identifying or eliminating flood 
spreading as a potential issue. 

Development Details: Visual tool to allow users to draw cross section or plot grid 
of depths for a specific RFSM run. 

Close links with option to export individual depth grid outputs and 
system state information. 

Timescale: 2 months 

Risks: Low 

Testing Details: Code/bug testing and seek feedback from expert users 
regarding scope to use the outputs in validation of results. 

Timescale: <1 month, concurrent with evaluation 

Risks: Low 

Evaluation Details: Seek feedback from expert users regarding scope to use 
the outputs in validation of results 

Timescale: <1 month, concurrent with evaluation 

Risks: Low 

Implementation Details: Allows users more scope to validate results or make 
adjustments to NaFRA outputs in post-processing. 

Timescale: Could only be used in cases where local teams 
question MDSF2 outputs as an aid to understanding possible 
sources of error.  Should not add to core MDSF2 run time. 

Risks: Moderate - if results suggest inaccuracy in floodplain 
modelling in particular locations it may result in further adjustments 
to outputs, requiring more time. 
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Improvement Increase spatial resolution of DTM data analysis used to set 
up flood spreading model 

Overview What will this allow local teams to do? 

Make full use of DTM detail in setting up MDSF2 models.  Note this 
option would not affect the Impact Cell or Impact Zone resolution at 
which results are presented; it would simply feed more detail into 
the depth/storage relationships in RFSM. 

Is there capacity to implement this? 

Yes.  Changes to software would add little complexity for users.  
Expect a slight increase in pre-processing time, but not a 
significant amount. 

How will this lead to increased confidence in NaFRA? 

Use of best available floodplain topography data. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Limited scope for improvement to results but would incremental aid 
to help improve confidence through making use of full DTM data 
resolution. 

Development Details: Provide additional functionality via the MDSF2 Graphical 
User Interface (GUI) to allow users to build RFSM based on native 
resolution of DTM rather than an aggregated version.  Guidance 
should be produced to help users understand the role of the 
parameter.  Note that Impact Cell and Impact Zone sizes would not 
be reduced. 

Timescale: 1-3 months 

Risks: Low 

Testing Details: Simple software testing. 

Timescale: <1 month, concurrent with evaluation 

Risks: Low 

Evaluation Details: Local teams should be consulted to ensure level and 
scope of guidance is appropriate and the full implications of 
running MDSF2 at different spatial resolutions is well understood 
across a broad range of catchments. 

Timescale: <1 month, concurrent with evaluation 

Risks: Low 

Implementation Details: Issue guidance alongside update to MDSF2. 

Timescale: Adds very little work to an MDSF2 run, increase in 
calculation (computer) time. 

Risks: Low - robust change unlikely to cause accidental 
degradation of results. 
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3.5.2 Maintenance and updating activities 

Improvement New extreme sea level estimates (SC060064) 

Overview What will this allow local teams to do? 

Use latest coastal loading data. 

Is there capacity to implement this? 

Yes.  Substitutes for existing MDSF2 inputs. 

How will this lead to increased confidence in NaFRA? 

Use of latest coastal loading data. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Will allow for improved results (subject to the influence of any other 
sources of error) wherever the new extreme sea level data 
improves upon previous estimates. 

Development Details: Update coastal model loads using SC060064 data.  
Incorporated through mechanisms for user input of local load data. 

Timescale: <1 month 

Risks: Low 

Testing Details: No new functionality in MDSF2.  Unlikely to be necessary 
except as a demonstration case for user-evaluation. 

Timescale: <1 month 

Risks: Low 

Evaluation Details: Local team trial of updated load estimates. 

Timescale: <1 month 

Risks: Low 

Implementation Details: Routine adoption of revised sea level load data set.  Low 
cost in addition to existing MDSF2 set-up costs. 

Timescale: <1 month. 

Risks: Low 

 

Improvement Incorporate EUROTOP wave overtopping estimates 

Overview What will this allow local teams to do? 

Use latest data and models for wave overtopping. 

Is there capacity to implement this? 

Yes.  Substitutes for existing MDSF2 inputs. 

How will this lead to increased confidence in NaFRA? 

Use of latest information and models. 
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Improvement Incorporate EUROTOP wave overtopping estimates 

Is it possible to estimate a range of how effective the improvement 
might be?  

Will allow for improved results (subject to the influence of any other 
sources of error) wherever the EUROTOP models and data 
improve upon previous estimates. 

Development Details: Update coastal model loads using EUROTOP methods.  
There are a number of different ways that this could be done.  
Currently there are a set of look-up tables for wave overtopping 
rates - these could be updated using the new sea level extremes 
and the EUROTOP methods and provided to the users.  An 
alternative approach is to provide the users with tools (e.g. CLASH 
ANN or BaYONET) and guidance on how to derive the information 
and use the "user-defined inflow volumes" route.  The development 
decision will need to consider the Environment Agency's 
preference for national consistency versus local flexibility and risk-
based considerations. 

Timescale: 1-3 months 

Risks: Low 

Testing Details: Software bug test. 

Timescale: <1 month 

Risks: Low 

Evaluation Details: Local team trial of updated overtopping estimates 

Timescale: <1 month 

Risks: Low 

Implementation Details: Routine adoption of revised overtopping estimates.  Low 
cost in addition to existing MDSF2 set-up costs. 

Timescale: <1 month 

Risks: Low 

 

Improvement Data set for improved extreme loading data 

Overview What will this allow local/central teams to do? 

Consolidate locally improved loading data at national level.  More 
efficient if central team were to re-run NaFRA using the locally 
improved data. 

Is there capacity to implement this? 

Yes. 

How will this lead to increased confidence in NaFRA? 

More an efficiency gain to incorporate locally-improved inputs if a 
centralised run of NaFRA is required. 

Is it possible to estimate a range of how effective the improvement 
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Improvement Data set for improved extreme loading data 

might be?  

Depends on how much improvement is delivered by use of local 
data to refine inputs to MDSF2. 

Development Details: Develop a data set to consolidate, as a national resource, 
improved extreme loading level data derived at local scale in 
applications of MDSF2.  Add relevant import/export facility in 
MDSF2 that can also extract data directly from NFCDD or detailed 
modelling (e.g. ISIS/TUFLOW). 

Timescale: 4 months 

Risks: Low 

Testing Details: Software functionality and bug tests. 

Timescale: <1 month 

Risks: Low 

Evaluation Details: Test that national NaFRA team or consultant can load and 
use data from the composite data set. 

Timescale: <1 month 

Risks: Low 

Implementation Details: Local MDSF2 data to be exported to the national data set, 
which will require ownership, custodian and management 
responsibilities to be clearly established. 

Timescale: N/A: this method improvement would be an efficiency 
saving should centralised NaFRA re-runs be required. 

Risks: Low 

 

Improvement Data set for improved inflow volumes 

Overview What will this allow local/central teams to do? 

Consolidate locally improved overtopping volume data at national 
level.  More efficient if central team were to re-run NaFRA using 
the locally improved data. 

Is there capacity to implement this? 

Yes. 

How will this lead to increased confidence in NaFRA? 

More an efficiency gain to incorporate locally-improved inputs if a 
centralised run of NaFRA is required. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Depends on how much improvement is delivered by use of local 
data to refine inputs to MDSF2. 
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Improvement Data set for improved inflow volumes 

Development Details: Develop a data set to consolidate, as a national resource, 
improved inflow rates or volume data derived at local level in 
applications of MDSF2.  Add relevant import/export facility in 
MDSF2 that can also extract data directly from NFCDD or detailed 
modelling (e.g. ISIS/TUFLOW). 

Timescale: 4 months 

Risks: Low 

Testing Details: Software functionality and bug tests. 

Timescale: <1 month 

Risks: Low 

Evaluation Details: Test that national NaFRA team or consultant can load and 
use data from the composite data set. 

Timescale: <1 month 

Risks: Low 

Implementation Details: Local MDSF2 data to be exported to the national data set, 
which will require ownership, custodian and management 
responsibilities to be clearly established. 

Timescale: N/A: this method improvement would be an efficiency 
saving should centralised NaFRA re-runs be required. 

Risks: Low 

 

Improvement Incorporate improved fragility curves 

Overview What will this allow local teams to do? 

Improve fragility curves used in MDSF2 based on more detailed 
local analysis of defence structures. 

Is there capacity to implement this? 

Yes. 

How will this lead to increased confidence in NaFRA? 

More detailed local information. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Depends on how much improvement in defence fragility 
information is gained by use of locally-derived fragility curves. 

Development Details: This can be done in different ways: (1) update the existing 
generic fragility curves, accounting for recent experience of flood 
defence failures and in consultation with key Environment Agency 
staff (e.g. Jim Barlow), and/or (2) provision of tools (e.g. 
RELIABLE) and guidance to users on how to construct fragility 
curves.  Again, the development decision will need to consider the 
Environment Agency's preference for national consistency versus 
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Improvement Incorporate improved fragility curves 

local flexibility and risk-based considerations. 

Timescale: Use current MDSF2 functionality to import user-
specified curves from RELIABLE tool outputs. 

Risks: Low 

Testing Details: Not required. 

Timescale: N/A 

Risks: Low 

Evaluation Details: It is expected that improvement of fragility curves will be 
considered to have been demonstrated by the FLOODsite 
research. 

Impact on the quality of NaFRA outputs should be assessed for 
both defences with relatively high and relatively low failure 
probabilities. 

Timescale: 1 month 

Implementation Details: Guidance for MDSF2 users when and how to update 
generic curves. 

Timescale: <1 month additional to any MDSF2 run 

Risks: Low 

3.5.3 Further, longer-term developments 

Improvement Fluvial load model improvements to generate probabilistic 
hydrograph duration or shape data 

Overview What will this allow local teams to do? 

Improve hydrological inputs to MDSF2, especially for hydrograph 
volume. 

Is there capacity to implement this? 

Not at present - requires initial research. 

How will this lead to increased confidence in NaFRA? 

Improved hydrological inputs. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Not at present - requires further research to identify whether 
updates to hydrology would change results and judgement about 
whether there is improved accuracy by moving to current industry-
standard hydrograph methods (based on ReFH). 

Development Details: Fluvial load calculations in RASP HLM+ are highly 
simplified and do not account fully for critical duration or uncertainty 
in hydrograph shape and duration.  If the MDSF2 RASP engine 
moves to a time-stepping formulation (with improvements to breach 
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Improvement Fluvial load model improvements to generate probabilistic 
hydrograph duration or shape data 

flow and flood spreading models) then the value of these 
improvements could be limited if hydrograph durations and 
volumes are not realistic.  Requires some initial research to identify 
whether this is an issue and how much uncertainty is associated 
with fluvial volume assumptions.  Any change would be applied 
within the embedded RASP engine in MDSF2. 

Timescale: 10 months 

Risks: Moderate 

Testing Details: Test software changes for bugs.  Changes might not 
require any modification to user interface. 

Timescale: 1 month 

Risks: Low 

Evaluation Details: Local team trial of updated MDSF2 RASP model outputs 

Timescale: <1 month 

Risks: Low 

Implementation Details: Would be included in an MDSF2 maintenance update. 

Timescale: No additional time implications per MDSF2 run 

Risks: Low 

 

Improvement Incorporate dynamic breach model 

Overview What will this allow local teams to do? 

Incorporate approximation to dynamic breach processes. 

Is there capacity to implement this? 

Yes. 

How will this lead to increased confidence in NaFRA? 

Improvement to a model sub-process. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Use of latest research in modelling breach sub-process.  Would 
rely on research results to establish significance of improvement. 

Development Details: Incorporate Simplified HR Breach model in MDSF2 RASP 
engine. 

Note that this option is contingent on the MDSF2 RASP engine 
moving to a time-stepping formulation to provide the necessary 
boundary conditions. 

Timescale: 7 months 
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Improvement Incorporate dynamic breach model 

Risks: Moderate 

Testing Details: Software bug tests. 

Timescale: <1 month 

Risks: Low - re-use of existing codes. 

Evaluation Details: Local team trial of updated MDSF2 RASP model outputs 

Timescale: <1 month 

Risks: Low 

Implementation Details: Would be included in an MDSF2 maintenance update.  
Although fast to calculate, dynamic breach flows would probably be 
applied in combination with an updated time-stepping floodplain 
model and may therefore increase run times. 

Timescale: Additional time implications per MDSF2 run 

Risks: Moderate - possible run time issues, as above. 

 

Improvement Develop specific process model for pumped catchments 

Overview What will this allow local teams to do? 

Improve NaFRA results for specific class of "problem" catchments. 

Is there capacity to implement this? 

Probably - requires final specification of a method to emerge from 
R&D on pumped catchments. 

How will this lead to increased confidence in NaFRA? 

Mew sub-process modelling for specific class of catchments . 

Is it possible to estimate a range of how effective the improvement 
might be?  

Requires final specification of a method to emerge from R&D on 
pumped catchments to understand how much this might improve 
NaFRA.  Improvement for specific catchments, not everywhere. 

Development Details: Incorporate results from Defra/Environment Agency R&D 
"Assessing Flood Risk in Pumped Catchments (SC090006)" which 
includes application of RASP methods to such catchments. 

Timescale: 12 months 

Risks: Moderate 

Testing Details: Software testing and tests of new user data inputs and 
guidance/manuals. 

Timescale: 2 months 

Risks: Low 

Evaluation Details: Local team trial of updated MDSF2 RASP model outputs 
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Improvement Develop specific process model for pumped catchments 

for selected catchments. 

Timescale: 2 months 

Risks: Low 

Implementation Details: Update to MDSF2, new guidance documentation and 
some training may be needed. 

Timescale: 2 months additional time on initial 

Risks: Moderate 

 

Improvement Update RFSM to Dynamic RFSM inundation model 

Overview What will this allow local teams to do? 

Should provide better flood spreading on floodplain.  Using new 
semi-inertial model but based on a relatively coarse floodplain 
discretisation of storage cells. 

Is there capacity to implement this? 

Yes.  Would lead to longer MDSF2 run times but little change 
otherwise. 

How will this lead to increased confidence in NaFRA? 

Better sub-process modelling for floodplain hydraulics. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Requires benchmark testing of the proposed new floodplain model. 

Development Details: Replace current RFSM with Dynamic RFSM inundation 
model that incorporates the LISFLOOD-Inertial formulation within 
the existing RFSM model structure. 

Timescale: 4 months 

Risks: Low - based on existing model concept. 

Testing Details: Major change to RASP engine, requires software testing 
for range of catchments and data sets. 

Timescale: 3 months 

Risks: Low - dynamic RFSM has already been applied for national 
scale flood mapping and the inertial model formulation is based on 
published research.  The concept is not new and testing of the 
implementation details is already well underway at HR Wallingford. 

Evaluation Details: Local team trial of updated MDSF2 RASP model outputs 
for selected catchments.  Possible external user tests.  Involves a 
significant change to RASP inundation algorithm therefore expect 
to need broader evaluation than some other improvement options. 

Timescale: 4 months 
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Improvement Update RFSM to Dynamic RFSM inundation model 

Risks: Low 

Implementation Details: Update to MDSF2.  Run times expected to be longer than 
RFSM (although still fast) may increase time costs, especially if 
applied at higher spatial resolution to improve floodplain detail. 

Timescale: 2 months 

Risks: Moderate 

 

Improvement Update RFSM to LISFLOOD-Inertial inundation model 

Overview What will this allow local teams to do? 

Should provide better flood spreading on floodplain.  Based on a 
gridded, higher-resolution implementation of semi-inertial 
LISFLOOD model. 

Is there capacity to implement this? 

Yes.  Would lead to significantly longer MDSF2 run times but little 
change otherwise. 

How will this lead to increased confidence in NaFRA? 

Better sub-process modelling for floodplain hydraulics. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Requires benchmark testing of the proposed new floodplain model. 

Development Details: Replace current RFSM with regular grid-based 
LISFLOOD-Inertial inundation model (i.e. remove irregular Impact 
Zone computational elements). 

Timescale: 12 months 

Risks: Low - there is nothing new in terms of concepts, but 
development may be time consuming; re-write LISFLOOD into 
Java (for CIS requirements), incorporate ability to attribute risk to 
defences (maintaining the Direct and Dynamic RFSM capability), 
re-write pre-processing tools to deal with LISFLOOD regular grid 
requirements. 

Testing Details: Major change to RASP engine and pre-processing tools, 
requires stand-alone testing of the Java code, compared to the 
existing research code.  Requires testing of defence contribution to 
risk functionality and also mesh size/runtime considerations at 
broad spatial scales. 

Timescale: 6 months 

Risks: High - there is nothing new in terms of concept 
development for the 2D model but re-writing a model into a 
different language can introduce bugs and hence a robust testing 
programme is required.  It is quite possible that running a 
LISFLOOD model at broad-scale, will require the use of a coarse 
grid (in order to achieve practical run times requires for probabilistic 
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Improvement Update RFSM to LISFLOOD-Inertial inundation model 

modelling), the testing may show that the runtime/mesh resolution 
conflict cannot be resolved satisfactorily. 

Evaluation Details: Local team trial of updated MDSF2 RASP model outputs 
for selected catchments.  Possible external user tests.  
Fundamental change to RASP core engine therefore expect to 
need broader evaluation than some other improvement options. 

Timescale: 4 months 

Risks: Low 

Implementation Details: Update to MDSF2.  Run times expected to be longer than 
RFSM and Dynamic RFSM when running at broad-scale, as a fine 
mesh is required to capture the topography 

Timescale: 4 months 

Risks: High 

 

Improvement Add facility to "plug in" any suitable 2D hydraulic model 

Overview What will this allow local teams to do? 

Use alternative models for floodplain hydraulics. 

Is there capacity to implement this? 

Yes if a simple software link can be developed, but would require 
the resources to build external 2D model or adapt existing models. 

How will this lead to increased confidence in NaFRA? 

Better sub-process modelling for floodplain hydraulics. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Likely to be used only where more detailed 2D hydraulic model is 
justified by local quality drivers. 

Development Details: Code and database integration required in MDSF2, 
possibly via OpenMI. 

Moderate development cost (though less than developing 
equivalent hydraulic model codes within MDSF2).  HR Wallingford 
has already developed a GUI with "plug and play" capability.  This 
is, however, not specifically for inundation models but all 
environmental models.  The plug and play capability, could 
however, be incorporated within MDSF2. 

Timescale: 9 months 

Risks: High - although achievable given industry experience with 
linking/embedding different modelling software. 

Testing Details: Suitability of external hydraulic models (probably) 
established via the original or updates to the 2D hydraulic 
modelling benchmarking exercise (SC080035). 
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Improvement Add facility to "plug in" any suitable 2D hydraulic model 

Tests needed to confirm correct transfer of model boundary 
conditions and depth results for each compatible model. 

Test of RASP engine for one such model (no difference in principle 
with use of other hydraulic codes) 

Timescale: 3 months 

Risks: Low - testing would not require any new technical 
capabilities or science. 

Evaluation Details: Local team and consultant checks on performance for 
benchmark test cases. 

Timescale: 2 months 

Risks: Low - users would probably be familiar / confident with any 
external modelling software chosen. 

Implementation Details: Moderate implementation costs, depending on the 
scale/coverage of roll-out. 

Timescale: 6-18 months, depending on the scale/coverage of roll-
out.  May be very time-consuming in practice as most commercial 
modelling software is not designed for very high throughput. 

Risks: High - dependency on third party software, licensing 
arrangements, etc. 

 

Improvement Add facility to "plug in" suitable 1D/2D linked hydraulic model 

Overview What will this allow local teams to do? 

Use alternative models for floodplain hydraulics. 

Is there capacity to implement this? 

Yes if a simple software link can be developed, but would require 
the resources to build external 2D model or adapt existing models.  
Significant development effort needed to transfer RASP defences 
modelling into a linked 1D/2D model.  Very expensive. 

How will this lead to increased confidence in NaFRA? 

Better sub-process modelling for floodplain hydraulics.  Capability 
to include channel/floodplain links. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Likely to be used only where more detailed 2D hydraulic model is 
justified by local quality drivers.  Questionable whether this can be 
cost-effective with current technology. 

Development Details: Requires significant new code development. 

Timescale: 12 months 

Risks: High 



34  NaFRA Method Improvements Scoping Study - Final Options Report  

Improvement Add facility to "plug in" suitable 1D/2D linked hydraulic model 

Testing Details: Would need rigorous software and user interface testing. 

Timescale: 3 months 

Risks: Low 

Evaluation Details: Local team and consultant checks on performance for 
benchmark test cases. 

Timescale: 3 months 

Risks: Low - users would probably be familiar / confident with any 
external modelling software chosen. 

Implementation Details: Potentially high implementation costs, depending on the 
scale/coverage of roll-out.  If used only in limited locations then 
moderate implementation cost. 

Timescale: 6-18 months, depending on the scale/coverage of roll-
out.  May be very time-consuming in practice as most commercial 
modelling software is not designed for very high throughput. 

Risks: High - dependency on third party software, licensing 
arrangements, etc. 

 

Improvement Develop model for secondary defences and “higher order” 
asset interdependence 

Overview What will this allow local teams to do? 

Improve representation of more complex defence systems where 
necessary. 

Is there capacity to implement this? 

Yes if suitable extensions to MDSF2 can be developed. 

How will this lead to increased confidence in NaFRA? 

Better sub-process modelling for secondary defences. 

Is it possible to estimate a range of how effective the improvement 
might be?  

Only relevant for specific cases.  Likely to be used only where 
more justified by local quality drivers. 

Development Details: Add RASP capability to model secondary defences of 
inter-dependence between assets.  Requires some R&D 
methodology development before software can be produced.  
Would require extensions to pre-processing as well as RASP 
engine.  Needs initial review of how many catchments would 
benefit from the improvement. 

Timescale: 12 months 

Risks: High  

Testing Details: Software bug and usability testing. 
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Improvement Develop model for secondary defences and “higher order” 
asset interdependence 

Timescale: 3 months 

Risks: Low 

Evaluation Cost: Fundamental change to RASP for some situations. 

Timescale: 2 months 

Risks: Low 

Implementation Details: Issued via an MDSF2 update. 

Timescale: 2 months 

Risks: Moderate 
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4 Option appraisal 

4.1 Options appraisal criteria 

Section 4 presents a high level appraisal of the costs and risks associated with the 
method improvement options described in Section 3.  The expected benefits and 
confidence of realisation for each option within the three improvement categories (i.e. 
"quick win", maintenance/update and longer-term developments) is also assessed.  
This appraisal framework was felt to be more appropriate and robust for a scoping 
study than a detailed and priced benefit-cost analysis. 

The criteria used to prioritise improvement options are as defined in Table 4.1. 

Table 4.1  Improvement option prioritisation criteria 

Criteria Interpretation 

Indicative development 
cost (Dev Cost) 

Cost up to evaluation (i.e. Stages 2 to 4), see Section 
4.1.1. 

Development risk          
(Dev Risk) 

Risk of not being able to deliver the improvement option 
ready for implementation 

Indicative implementation 
cost  (Imp Cost) 

Implementation costs are taken as costs added to the 
production of NaFRA by adopting an improvement option, 
see Section 4.1.1. 

Implementation risk       
(Imp Risk) 

Risks of the method improvement not realising intended 
benefits in NaFRA products after being implemented 

Expected benefits The extent to which the improvement is expected to deliver 
intended benefits, see Section 4.1.2. 

Confidence in realisation 
of  benefits 

How confident are we that the intended benefits will be 
realised?  See Section 4.1.2 

4.1.1 Costs 

Development costs 

Development costs are classified as low, moderate or high.  Costs considered as 
"development costs" are assumed to cover the stages from "develop" to 
"evaluate/benchmark" (see Figure 3.1 for a quick summary of the proposed staged 
approach).  An indicative guide to the cost classification assumed here is given in 
Table 4.2. 
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Table 4.2  Improvement option indicative costs for development, testing or 
evaluation 

Cost Category Interpretation 

Low Less than 0.5 x 1 year FTE senior technical analyst/software 
engineer 

Moderate 0.5-1 x 1 year FTE 

High Greater than 1 x 1 year FTE 

Implementation costs 

Implementation costs reflect costs added to the production of NaFRA by adopting a 
particular improvement option.  They are considered on the basis of costs to adopt and 
use the improvement for a given notional unit of production in a NaFRA run (for 
example this could be a single local MDSF2 model or a NaFRA catchment). 

Indicative costs for implementation are given in Table 4.3. 

Table 4.3  Improvement option indicative costs for implementation 

Cost Category Interpretation 

Low Adds less than 10% to cost of NaFRA production 

Moderate Adds between 10% and 50% to cost of NaFRA production 

High Adds more than 50% to cost of NaFRA production 

 

The actual cost of implementation could depend on how the broader NaFRA 
programme is implemented (e.g. coordination with a scheduled re-run to implement 
improvements would be cheaper than “retro-fitting” them in an addition run).  However, 
it is probably realistic to expect that the more costly further, longer-term development 
options would also have higher implementation costs associated with training, 
guidance, run times and data management. 

4.1.2 Realisation of benefits 

Benefits are difficult to assess in advance 

Although a number of projects have investigated quality issues surrounding the NaFRA 
methodology, we have to question whether it is possible to assess, in cost-comparable 
terms, what benefits will actually be delivered by implementing improvement options. 

There are two reasons for this: 

1. We do not have sufficiently comprehensive information about the net overall 
effect of some of the known issues on NaFRA outputs as a whole.  For 
example, we know that volume capping is an issue in many places but not 
how important it is (in terms of aggregated inaccuracy of EAD, say) at a 
catchment or national scale. 



38  NaFRA Method Improvements Scoping Study - Final Options Report  

2. We don’t always know how well a given improvement option will work when 
implemented systematically. 

Both of these issues will be addressed to some extent by the use of carefully designed 
benchmark test cases that are representative of the mix of data and system 
configurations contained within NaFRA. 

Initial assessment of benefits 

However, we can make judgements in relative terms about the potential benefits of 
each improvement option and how confident we can be, based on current information, 
about the realisation of these benefits. 

The assessment of potential benefits is based on asking the basic question of each 
method improvement option: "will it increase confidence in NaFRA products?" 

If the answer to this question is yes, then the option is taken to be beneficial. We have 
attempted to make an assessment about whether the increase in confidence would be 
small or large.  This is necessarily a subjective assessment. 

In addition, we have considered how extensive the benefits may be for each option.  
Potential benefits are therefore summarised in terms of a combination of the 
significance of the benefit where it is realised, and how extensive it is expected to be 
(illustrated in Table 4.4). 

Table 4.4  Benefit classification 

 Significance of benefit where realised? 

How extensive? Small Large 

Benefit could potentially be realised 
extensively 

Moderate High 

Benefits realised only in limited specific 
problems cases or locations 

Low High 

Confidence in realisation of benefits 

A second aspect of the benefit assessment is to consider whether there is confidence 
that the desired benefit can in fact be realised.  This measure, again subjective, has 
been included in response to the issue that there is not in general definitive evidence 
that a given method improvement will have the desired impact on NaFRA quality and 
confidence, although some are more speculative than others. 

The classification adopted is given in Table 4.5. 

Table 4.5  Confidence in realisation of benefits  

Degree of Confidence Confidence Score 

Benefits almost certain to be realised High 

Benefits likely to be realised Moderate 

More speculative benefits Low 
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Degree of Confidence Confidence Score 

No information to inform assessment of confidence Low 

4.2 Ranking 

We have scored each of the criteria in relative terms as low, moderate or high.  For 
costs, these classes refer to the indicative costs suggested in Section 4.1.1. 

The rules used in ranking the options are as follows: 

 The most preferred options are those with low costs, low risk and high 
benefits and high confidence in realising those benefits. 

 A combination of both high cost and high risk in development or 
implementation can out-weigh high benefits 

 Implementation costs and risks out-weigh development costs and risks 

The options are set out in priority order in Sections 4.2.1-4.2.3. 
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4.2.1 "Quick win" improvements 

Table 4.6  Prioritisation of "quick win" improvement options 

Option Dev 
Cost 

Imp 
Cost 

Dev 
Risk 

Imp 
Risk 

Benefit Conf- 
idence 

1. Improve MDSF2 output 
options for validation 
tests, in particular RFSM 
depth grids and sampled 
system states 

Mod Low Low Mod (1) High  High 

2. Simple visualisation 
tools to assist validation 

Low Low Low Mod High High 

3. Increase spatial 
resolution of DTM data 
used in setting up flood 
spreading model 

Low Low Low Low (2) Mod (3) High 

4. Expose MDSF2 RASP 
parameters to user, with 
additional guidance and 
training 

Mod Low Low High 
(2) 

Mod  Mod 

Notes: 

1. There is moderate implementation risk because exposure of validation outputs could lead to challenges if RFSM 
simulations are seen to be unrealistic.  It is not assumed that this will be the case, but reference to the Environment 
Agency's 2D hydraulic model benchmarking study shows that RFSM may not be able to produce same quality as 
DW/SWE model outputs in some locations and the results could be regarded as unrealistic locally. 

2. Additional guidance and/or training for users is crucial to minimise implementation risk.  Supporting materials must 
ensure that the relationship between the new parameter choices and MDSF2 outputs is well understood across a broad 
range of catchments and help users to provide robust evidence as to why certain parameters have been changed.  
Users will also require guidance that sets out what might be done to improve performance if "default" outputs are 
deemed unsatisfactory. 

3. HR Wallingford commented that this option would not deliver significant benefits compared with adopting a more 
sophisticated floodplain inundation model within MDSF2, but that it should be robust (i.e. could increase quality 
somewhat in places and is unlikely to decrease quality anywhere).  This is based on early RFSM trials and 
undocumented testing.  However it is listed here given our understanding that it could be achieved very easily and at 
low risk by exposing a pre-processing parameter to be altered by users of MDSF2. 
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4.2.2 Maintenance and updating activities 

Table 4.7  Prioritisation of maintenance and update activities 

Option Dev 
Cost 

Imp 
Cost 

Dev 
Risk 

Imp 
Risk 

Benefit Conf-
idence 

1. New extreme sea level 
estimates (SC060064) 

Low Low Low Low High 
(1) 

High 

2. Incorporate EUROTOP 
wave overtopping 
estimates 

Mod Low Low Low High 
(1) 

 

High 

3. Incorporate improved 
fragility curves (e.g. using 
RELIABLE tools) 

Low Low Low Low Mod Mod 

4. Data set for improved 
extreme loading data that 
consolidates locally-led 
improvements 

Mod Low Low Low Mod (2) High 
(3) 

5. Data set for improved 
inflow volumes that 
consolidates locally-led 
improvements 

Mod Low Low Low Mod (2) High 
(3) 

Notes: 

1. For coastal Impact Zones only - taken as high benefit because of the potential to increase confidence in the coastal 
model as a whole by using the most up-to-date input data and models. 

2. Option proposes to centrally capture the improvements in RASP inputs made using MDSF2 at local level.  
Improvements derived by use of MDSF2 locally are assumed to be a part of the process of adopting MDSF2 for NaFRA 
production and so is not considered as an improvement option per se within this study (because the adoption of MDSF2 
is assumed to take place anyway).  These data should lead to quality improvements to NaFRA depths in locally-
available models.  The proposed option facilitates any centralised, national re-run of MDSF2.  Any benefit from this 
development option is conditional on a process for NaFRA production that sees local MDSF2 modelling later updated or 
re-run centrally. 

3. High confidence that collated data would help in building confidence for central re-runs but this is conditional on a 
process for NaFRA production that sees local MDSF2 modelling later updated or re-run centrally. 
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4.2.3 Further, longer-term developments 

Table 4.8  Prioritisation of further, longer-term development options 

Option Dev 
Cost 

Imp 
Cost 

Dev 
Risk 

Imp 
Risk 

Benefit Conf-
idence 

1. Incorporate dynamic 
breach model (e.g. 
Simplified HR Breach) 

Mod Mod Mod Mod High 
(1) 

High 

2. Update RFSM with 
Dynamic RFSM 
inundation model (2) 

Low/ 
Mod 

Mod Low Mod High Mod 

3. Update RFSM to 
LISFLOOD-Inertial 
inundation model (2) 

High High 
(4) 

Low High 
(3) 

High 
(1) 

High 

4. Develop specific 
process model for 
pumped catchments 

High  Mod Mod Mod Mod Mod 

5. Develop model for 
secondary defences and 
“higher order” asset 
interdependence 

High  Mod High Mod Mod Mod 

6. Fluvial load model 
improvements to generate 
probabilistic hydrograph 
duration or shape data 

Mod  Low Mod Low Mod High 

7. Add facility to "plug in" 
any suitable 2D hydraulic 
model 

Mod High High High Mod (1) Mod 

8. Add facility to "plug in" 
suitable 1D/2D linked 
hydraulic model 

High  High High High Mod Low 

Notes: 

1. There is a link between the benefits of incorporating a dynamic, time-stepping breach model and the benefits of 
incorporating a dynamic, time-stepping hydraulic floodplain model.  Whilst each represents a potential improvement in 
its own right, the real benefits of each improvement are in achieving a full time-stepping model within NaFRA, which 
requires both improvements to be undertaken. 

2. Note that options 2 and 3 are mutually exclusive if the same flood spreading model is to be used everywhere.  In 
other words, acceptance of one option automatically excludes the other as both improvements consider different options 
for the "default" flood inundation model embedded within MDSF2, unless a patchwork of models is adopted. 

3. Implementation costs could be higher than anticipated, depending on the run time and computing resource 
requirements. 

4. Long run times expected. 
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5 Outline method improvements 
programme 

5.1 Developing an outline programme "road map" 

The appraisal of options in Section 4 offers a means of sorting options in order of cost, 
risk and importance.  However, taken alone this is not sufficient to identify priority 
options or develop a programme for NaFRA improvements.  This part of the appraisal 
sets out a framework for planning method improvements and includes an assessment 
of recommended options and priorities within that framework. 

An outline programme "road map" has therefore been developed to guide the 
identification of improvement options priorities. 

The starting point for this road mapping exercise was to consider how to manage 
improvement options given the difficulty in assessing in advance precisely what 
improvements in the performance of NaFRA modelling will be realised from each 
option. 

5.2 Outline programme 

Figure 5.1 shows an outline programme within which method improvements can be 
prioritised. 
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Figure 5.1  NaFRA method improvements "road map" 

 

Key features of the road map are: 

 Identification of lower risk and cost options that can be delivered ready for 
implementation in NaFRA runs by December 2012. 

 Identification of tests that can be used as benchmarks with the following 
aims: 

o to help assess whether or not to implement the proposed improvements 
within NaFRA production 

o to help guide the assessment of longer term, more costly and risky 
method developments 

 Longer term, higher cost/risk developments are prioritised in a logical 
sequence corresponding to the chain of system processes in the NaFRA 
model, i.e. improve aspects relating to hydraulic loads first, then defence 
performance, then floodplain flows. 
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There should also be assessment of whether improvements in the system model 
require or imply changes in the statistical procedures used for probability integration 
(or, less likely, whether improvements in probability integration methods might drive 
some changes in the system model components). 
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6 Recommendations 
The following recommendations are based on the prioritisation of method improvement 
options in Section 4 and applied within the indicative programme roadmap of Section 5. 

Delivery of method improvements here is taken to mean that the method improvement 
has passed though development, testing, evaluation and is ready to be implemented in 
NaFRA production. 

6.1 Method improvements delivered by December 2012 

6.1.1 Quick wins 

Priority options are: 

1. Add MDSF2 functionality to produce RFSM depth grids and system state 
outputs to undertake checks within the SC090008/WP1 validation 
framework.  This should also feed into improvements to the current Area 
output review process to provide flexible uncertainty information so that 
confidence can be reported in a range of NaFRA products (not just the 
current likelihood categories). 

2. Supply simple cross-section depth visualisation for MDSF2 RFSM outputs. 

3. Use native resolution DTM in setting up RFSM within MDSF2. 

4. Expose MDSF2 RASP parameters to users, with guidance and training. 

The benefits that will be realised from these method improvements are greater user 
control and capability for validation of MDSF2 results.  However, clear guidance and/or 
additional training is crucial to minimise implementation risk associated with these 
options. 

6.1.2 Maintenance and update improvements 

Priority options are:  

1. Preparation necessary to incorporate new extreme sea level data in future 
NaFRA production. 

2. Preparation necessary to incorporate EUROTOP in future NaFRA 
production. 

3. Guidance and tools for developing and utilising improved fragility curves in 
future NaFRA production. 

It is not recommended to proceed with methods for national consolidation of locally-
derived loading and overtopping data unless there is a clear driver from the business 
that a centralised production run of NaFRA will be needed in future (which could be 
required, for example, for national scenario analysis in LTIS).  However it is expected 
that local use of MDSF2 in the production of NaFRA updates will lead to improved 
loading data being incorporated into NaFRA over time. 
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6.1.3 Benchmark test cases 

In addition it is recommended that benchmark tests should be developed for a range of 
catchment types and channel-floodplain configurations.  These tests will be used to 
evaluate the above method improvements, and also assist in the development of 
further, longer term options.  They are intended to provide objective reference points 
from which to investigate not only method improvements but also data and process 
model improvements. 

Local involvement in the benchmarking process is also important.  It will help users to 
develop their priorities for data improvements and QA, and gain an appreciation of 
where the methods and process models may not work well in "default" mode.  It will 
also increase local ownership and confidence in the NaFRA products. 

6.2 Method improvements delivered by December 2013 

After evaluation of the benefits gained from "quick win" and maintenance/update 
options, it is recommended to review the need for further development of longer term 
method improvement options using evidence from benchmark testing. 

Subject to this review, priority options as currently assessed are: 

1. Incorporate dynamic, time-stepping breach model in MDSF2 

2. Replace RFSM with dynamic, time-stepping 2D inundation model (most likely 
Dynamic RFSM because of likely run time constraints associated with 
gridded LISFLOOD-Inertial model) 

3. Develop/incorporate methods for pumped catchments 

4. Develop model for secondary defences and “higher order” asset 
interdependence 

It is not recommended to proceed immediately with options for substituting detailed 
offline 2D or linked 1D/2D models in MDSF2 on the basis that these are likely to be too 
costly to implement, would very likely require extensions or changes to the probability 
integration methods in MDSF2 and may not add sufficient value to warrant this if the 
time-stepping Dynamic RFSM or LISFLOOD-Inertial approach is adopted.  Also, the 
use of locally-available 2D or 1D/2D floodplain models is being considered separately 
in Environment Agency research on detailed local probabilistic modelling 
(SC090008/WP2). 

However, the view has been expressed that opening up the flood spreading component 
by defining open and clear data and software interfaces in MDSF2 would allow use of 
alternative algorithms in future and would be consistent with a modular approach, 
which was one of the key drivers behind MDSF2.  In any case, the proposed 
benchmark test cases should be used to understand the performance of any potential 
improvements or alternative 2D floodplain models within the context of the RASP 
methods, before further development takes place. 
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List of abbreviations 
1D One Dimensional 

2D Two Dimensional 

DTM Digital Terrain Model 

DW Diffusion Wave 

EAD Expected Annual Damages 

FRM Flood Risk Management 

GUI Graphical User Interface 

HLM+ Higher Level Method "Plus" 

LTIS Long‐Term Investment Strategy 

MCM Multi-Coloured Manual 

MDSF Modelling and Decision Support Framework 

MIP Method Improvements Project 

NaFRA National Flood Risk Assessment 

PRFAs Preliminary Flood Risk Assessments 

QA Quality Assurance 

RASP Risk Assessment for System Planning 

RFSM Rapid Flood Spreading Model 

SAMP System Asset Management Plan 

SFRM Strategic Flood Risk Management 

SWE Shallow Water Equation 

WAAD Weighted Annual Average Damage 

WP Work Package 

 



 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


