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Technical Summary FD2201 - August 2002
Extreme Rainfall and Flood Event Recognition
Background to R&D project

The most extreme hydrometeorological events that are likely to be experienced in the United Kingdom have received only limited study from the point of view of their underlying consistency and predictability. This study has investigated the nature of very extreme rainfall events and the meteorological situations leading to their occurrence. This approach is in contrast to atmospheric modeling approaches which seek to represent the processes which cause all rainfall, but do not identify and alert of underlying characteristics within weather systems with the potential for extreme rainfall.  

The purpose of the study was to seek to identify such characteristics of extreme events, by the analysis of historical data, in order to develop guidance for forecasters in identifying them in advance and to support forecasts from atmospheric models so that the likelihood of failing to identify the most potentially damaging conditions can be reduced. It was also an objective of the project to collate information on extreme events which can be used for training of flood forecasting practitioners to improve their awareness of extreme rainfall and to provide data sets which can be used to calibrate and test flood forecasting models to the limits of possible extreme operating conditions. An additional aim of the research was to investigate the susceptibility of river catchments to their spatial and temporal rainfall patterns.  Given that such events are likely to have return periods of many thousands of years, the implications of the analysis for estimates of Probable Maximum Precipitation (PMP) have also been considered.

Defra therefore commissioned a joint study to be carried out by the University of Salford and the Met Office to develop guidance on the recognition of extreme events.

R&D Outputs and their Use
The principal output is the R&D Technical Report for Users (detailed below). This provides background information for the flood management practitioner, researcher or policy maker on nature and characteristics of extreme rainfall. Guidance is given on techniques to estimate probable maximum precipitation for design studies. Data sets collated during the project and given in the project report can be used for flood forecasting model calibration and practitioner training as indicated above. Outputs will also feed into a further development phase for extreme event recognition.

Results of R&D project

Meteorological Analysis

This work was conducted in such a fashion so that the conclusions and recommendations were driven by evidence from the case studies without any preconceptions.  The aim of this work was not to describe a set of case studies but to draw together all the case study evidence into something useful and applicable overall. The following conclusions are drawn from the meteorological analysis of extreme events 

· Extreme rainfall events are very unlikely to occur in February, March or April.

· Convective events are most likely in June, July, and August and are very unlikely in November, December, January, February, March or April.

· There was generally a clear distinction between wholly convective and wholly frontal events but with 25% of cases being a mixture of both.

· All frontal cases involved prolonged ascent of very moist air with 75% of cases having a depression pass slowly by within 200km at closest approach to the south or east of the event.

· 75% of frontal cases also involved a show-moving front, using a warm occlusion, in the situation.

· Frontal cases with embedded instability (53%) generally produced larger totals for a given duration and were close to a depression centre.

· An archetypal situation that occurred in several frontal cases leading to severe convective outbreaks has been specified.

Implications of current analysis for PMP (Probable Maximum Precipitation)


 

A Depth-Duration plot for the identified extreme events has been prepared.

It would appear that appropriate PMP depths lie between the Flood Estimation Handbook (FEH) extrapolated and Flood Study Report (FSR) values for durations less than about 10 hours, and between 10 and 24 hours appropriate PMP depths may be derived by extrapolating the FEH statistical analysis or using some other technique.  However, such conclusions needs further detailed consideration and support before a "best practice" procedure can be evolved.

Susceptibility of river catchments to extreme flooding

The need for a rapid assessment of the likelihood that a hydrometeorological event will lead to extreme flooding is recognized by operational Flood Forecast Officers in the UK and elsewhere.  A methodology for recognizing catchments susceptible to extreme rainfall and flash flood events based upon a question and answer assessment procedure has been proposed, and partially tested, in this research.  

The procedure is based upon the use of some catchment characteristics defined in the FEH.  A series of questions/parameter values are assessed and a score associated with each.  The procedure has been used for all catchments in NW England whose morphology is recorded in the Flood Estimation Handbook.  It is recognized that further analysis on a wider range of events would provide a sounder basis upon with to base the procedure.  It would be straightforward to implement this approach in a computer based system, although it is recognized that further work is necessary to identify the most important key questions and answers that have to be addressed regarding the flood forecasting element.

Training Datasets

The extreme flood events discussed in the Report provide an opportunity to construct rainfall time series that can be used to test flood forecasting models and procedures to likely required operational limits.  Such datasets are given in the Project Report, and represent conditions which have occurred, and which will occur somewhere in England and Wales in the future.  It may be possible to develop from these data a radar-type gridded dataset of a consolidated extreme event.  A starting point might be the Walshaw Dean storm as good radar data are available for this storm.  The product so-produced could be used to aid hydrological model development. Information from these events will also be used in Met Office training sessions for Agency flood forecasting practitioners to raise awareness of extreme rainfall characteristics.

Further Work

Recommendations are made for further work to test and implement the findings of the research and possibly develop a prototype early warning system.
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