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R&D project FD0404 has developed a new method for river flood frequency estimation using ‘continuous simulation’, that is, the modelling of catchment runoff response time series.

Rainfall-runoff models are used to derive continuous river flow time series. The method has been developed as a pilot system for ungauged as well as gauged sites, and designed for national application across Britain.

The rationale for the development of this approach to flood frequency estimation for design and planning purposes was to capitalise on data, modelling and IT developments which, by the 1990s, allowed exploration of the hydrological potential offered by the method.  Key hydrological advantages include the following.  Total river discharge is modelled and there is therefore no need to separate ‘flood’ and ‘base’ flows.  Because the modelling is continuous in time, antecedent conditions prior to a storm event are integral parts of the model process: this means that there is no need to relate the recurrence interval of a rainfall event to the recurrence interval of the flood it generates.  River junction flows are similarly an integral part of the modelling.  As model output is a continuous river flow time series, shapes of hydrographs and durations of flows are available for analysis, as well as flood peaks.  In addition, the method allows consideration of aspects of climate change to be included.

The overall principle of the method is as follows.  A generic rainfall-runoff model is used to convert rain falling over a catchment to the river flow at the outlet.  For a group of catchments for which rainfall and river flow observations exist, the runoff model is calibrated, that is, numerical values of the parameter values are established which characterise the runoff generation response of the individual catchments.  Spatial data which are more widely available across the country are also collated and, for the sample group of catchments, relationships are sought between runoff model parameters and spatial ‘catchment property’ data.  For ungauged locations, catchment properties can then be used to derive model parameters, in turn allowing the runoff models to be run to produce river flow time series from which flood (and other flow) statistics can be derived.  By this means the method is ‘regionalised’ or ‘spatially generalised’.

In order to cover the high recurrence intervals of interest in flood frequency estimation, long rainfall series are applied to the models with either their locally-derived or their spatially-generalised model parameters.  Long river flow series are therefore available, covering rarer, larger floods.  The long rainfall time series can be observed or model-generated.  It is in the application of rainfall series which drive the runoff models that changes in climate can, if required, be introduced to assess impacts of climate change.

Project FD0404 has covered development of this spatially generalised flood frequency methodology.  It is possible to view ‘continuous simulation’ as a next-generation methodology for flood frequency estimation, following the Flood Studies Report (1975 and Supplementary Reports) and the Flood Estimation Handbook  (1999).  It is anticipated that, with refinement of techniques and their application beyond test catchments, it will become apparent where particular strengths of continuous simulation are of most value.

For the sake of clarity it is noted here that the term ‘continuous simulation’ is also used for modelling and frequency estimation for features other than floods, for example, for low river flows.  It is also the case that flood continuous simulation can apply to catchment-specific modelling, as well as to the countrywide generalised system developed here.  In catchment-specific modelling of river flows, models can be more detailed in their representation of process and spatial variability within a catchment (e.g. FD0421; CEH contribution to EU project EUROTAS).  For the countrywide system with ungauged sites described in this report, in contrast, runoff models need to be relatively parameter-sparse in order that their parameters can be predicted from widely-available catchment properties.

Both aspects of continuous simulation for flood assessment currently reside in the DEFRA-Environment Agency Theme 3 on Broad-Scale Modelling.  Both are likely to be of value in catchment flood management planning, in terms of national estimates and catchment-specific model planning tools.

Project FD0404 has had strong synergies with, in particular, R&D project FD0425 on Modelling floods from combined surface and subsurface sources and FD1604 on Assessing uncertainty in Broad-Scale Modelling.

The final report (November 2001) for project FD0404 on development of the pilot national continuous simulation method detailed the runoff models and data issues, how spatial generalisation of the method to cover ungauged locations was achieved, and how extension to long time periods and rare events was achieved, including possible changes to climate.  The way continuous simulation methodology is applied for use at gauged and at ungauged sites was described.  The way forward in terms of refinements to continuous simulation methodology was also indicated.

A number of scientific journal and conference papers have been produced relating to FD0404 work.  These extend the detail in some aspects of the research where IH/CEH Science Budget funding complemented MAFF FD0404 funding to explore particularly pertinent aspects of hydrological research.
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A full scientific report has been forwarded to DEFRA (Mr Peter Allen-Williams) under separate cover as  final report of the project: 

The continuous simulation method for river flood frequency estimation.   

A Calver, R Lamb, A.L. Kay & J Crewett.                    

CEH Wallingford report to DEFRA 

56pp plus appendices.
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