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The aim of the research has been to explore modelling methods for the generation of floods where both surface and subsurface hydrological processes contribute to river flow. Modelling has covered both new and existing methods appropriate to the aims of this project.  The general form of all models considered here has been that of ‘continuous simulation’ mode, dealing with continuous time series of catchment hydrology, as opposed to the consideration of separate hydrological events.  All the modelling methods are generic: it is the parameter values which make them applicable to particular catchments.  This is the case for both the simple and the complex modelling schemes developed and tested on the project.  The purpose of the flood modelling in this project is the improved estimation of flood frequencies as an input to flood defence strategy.

The modelling capitalises on key advantages of continuous simulation methodology, notably that there is no requirement to separate flood and base flows, and no requirement to link rainfall and flood recurrence intervals.  Two parameter-sparse runoff models were tested; one of these was specifically developed on the project in a form which means it can be readily unified with the modelling on FD0404 (Continuous simulation for flood frequency estimation).  A parameter-sparse model was also presented for modelling groundwater levels, since high saturation levels are frequently associated with floods.  A fully spatially-distributed surface and groundwater modelling system was assessed, and the range of model types was completed by a partially-distributed method handling spatial patterns in a pragmatic way.

A project database of surface and subsurface hydrology was established to calibrate and test the models.  Twenty-one catchments in southern and eastern England were chosen from amongst areas with significant occurrence of subsurface water, on the bases of flooding history, current flood risk concern and data record length and quality.  This database was used in the development, testing and calibrating of the river discharge and groundwater level modelling.  Comprehensive results were presented to the Ministry in the final project report.

The models were used, together with additional analyses, to provide further insight into assessing flood risk in catchments with both surface and subsurface components to flood generation.

In the case of a parameter-sparse runoff model it proved possible to extend the flood estimation method from gauged to ungauged sites.  This was achieved by relating the numerical values of model parameters to more widely-available properties of catchments.

In order to extend frequency estimation to very high recurrence interval events, long time series of rainfall were generated and applied to calibrated runoff models, allowing the simulation of long river discharge time series including very rare floods.

The ability of the model methods to incorporate climate change scenario information was demonstrated for both runoff and water levels: the issue of interpretation and discretisation of broad scale scenarios was highlighted.

The hydrological processes which contribute to the generation of floods from combined surface and subsurface sources are complex: modelling can, however, handle most such catchments for flood frequency estimation purposes at a pragmatic level.  Not all catchment details are met, but key flood frequency characteristics can be reproduced, and can be predicted, with the informed use of suitable modelling methods.  This basis is sufficiently sound to extend application in time (high recurrence intervals) and space (ungauged sites).  Complex models do not necessarily offer better performance than efficient simple models: for spatial generalisation, models must be parameter-sparse.  A modelling approach to flood frequency estimation offers the attraction of incorporating environmental and management scenario exploration, and the potential to interact with other catchment function investigations.
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A full scientific report has been forwarded to the Ministry  (Mr Goudie) under separate cover as the 

final report of the project:-

‘Modelling floods from combined surface and subsurface sources’.

Calver, Crewett, Davies, Lamb and Crooks 

Institute of Hydrology Report to MAFF

77 pp + appendix

March 2000

All CEH reports are available at www.ceh.ac.uk
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