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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 underlying consistency and predictability.  Practically all such rainfall and flood events that have occurred in the last 100 years or so have been described, and in some cases have been analysed in order to seek their causes.  However, guidance to flood forecasters to help identify these events remains skeletal.  It is vital that signals of the possibility of such events be recognised as early as possible, preferably 24 hours or more in advance.

In this report we describe the results of a joint study carried out by the University of Salford and the Met Office on behalf of the Department of the Environment, Food and Rural Affairs (DEFRA).  The research has investigated the nature of very extreme rainfall events and the meteorological situations leading to their occurrence, and also the susceptibility of river catchments to their spatial and temporal rainfall patterns.  Guidance on the recognition of extreme events is provided.  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 have also been considered.  It has been found that, whilst the estimates of PMP made using the Flood Studies Report procedure are inadequate, an extrapolation of the Flood Estimation Handbook statistics may provide estimates of PMP which are liable.  However, further work to verify this conclusion is needed.

The recognition of the possibility of extreme flooding remains a major challenge for hyrometeorologists.  In this paper a scoring system for river catchments is described to provide an indication of extreme flood potential.  By using the scoring system that identifies the contributions to a flood event from a variety of components it is possible to update and comprehend the likelihood of extreme flooding.  The scheme is tested using published data of the consequences of extreme storms in England and Wales.  The methodology is capable of formalising intelligence tables often developed by flood forecasting and warning teams in the UK Environment Agency using their local knowledge but on an ad hoc basis.  Such a scoring scheme can be used as a decision support tool by practictioners.

Training datasets for a number of extreme events are provided in the form of rainfall time series and depth-area information.
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1. Introduction

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 underlying consistency and predictability.  Practically all such rainfall and flood events that have occurred in the last 100 years or so have been described, and in some cases have been analysed in order to seek their causes.  However, guidance to flood forecasters to help identify these events remains skeletal.  It is vital that signals of the possibility of such events be recognised as early as possible, preferably 24 hours or more in advance.

In this report we describe the results of a joint study carried out by the University of Salford and the Met Office on behalf of the Department of the Environment, Food and Rural Affairs (DEFRA).  The aim of the research was to investigate the nature of very extreme rainfall events and the meteorological situations leading to their occurrence, and also 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 have also been considered.

2. Definitions and range of study

The research has addressed those weather incidents occurring over the previous 100 years or so having durations up to about 60 hours.  An hydrometeorological event is defined as a specific incident capable of triggering major disruption to human activity.  The magnitude of such an incident lies at the extreme of statistical expectation, and may, or may not, lead to loss of life.

Whilst this study has been limited in terms of the resources devoted to it, a wide range of data have been used.  The principal data sources are the Met Office archives, the Flood Studies Report (FSR) (1975) and the Flood Estimation Handbook (FEH) (1999).

3. Selection and classification 

Rainfall events that give rise to serious flooding are often outcomes of four main contributory factors.  They are intensity and duration of precipitation, the wetness of the ground and the response of the rainfall catchment.  The key items considered in this study were the first two, which are the meteorological ones.  Hydrological contributions and other factors were noted as and when appropriate.

Criteria for event selection were established by making use of the rainfalls estimated in the Flood Studies Report Volume II (FSR) as the "maximum" falls possible for durations less than 1 hour, and the one in one hundred year return period for durations greater than one hour.

4. Conclusions of meteorological analysis of extreme events 

This work has been conducted in such a fashion so that the conclusions and recommendations have been 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.  However, the event references should be useful as a reference for future study and the development of training material for practictioners.  The following conclusions are drawn.

· 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.

· An extreme rainfall event is highly likely to produce serious flooding situations particularly if it occurs over a sensitive catchment or steep orography or when the ground is already wet from previous rainfalls.

· 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.

5. Implications of current analysis for PMP


 

A Depth-Duration plot for the identified extreme events has been prepared.  It is clear that some extreme events for durations from about 2 to 12 hours exceed the FSR PMP values.  On the other hand FEH PMP values are much larger than the observed storm totals for short durations, but approach the observations for durations between 10 and 24 hours.

It would appear that appropriate PMP depths lie between the FEH extrapolated and 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.

6. 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 recognised by operational Flood Forecast Officers in the UK and elsewhere.  A methodology for recognising extreme rainfall and 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 Flood Estimation Handbook.  A series of questions/parameter values are assessed and a score associated with each.  The procedure has been used to evaluate the susceptibility of flooding of catchments associated with a number of extreme events, and for all catchments in NW England whose morphology is recorded in the Flood Estimation Handbook.  It is recognised 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 recognised that further work is necessary to identify the most important key questions and answers that have to be addressed regarding the flood forecasting element.

7. Training Datasets

The extreme flood events discussed in the Report provide an opportunity to construct rainfall time series which can be used to test operational hydrological models and procedures.  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.

8. Recommendations and proposals for further work 

(1)
New events should be routinely analysed and tested to see how they fit into the 
archetype conceptual model if they are frontal,   which should both be updated if  necessary.

(2) Met Office Mesoscale Model (MM) NWP outputs can be used to provide details of the synoptic evolution, expected rainfall intensity, accumulation and distribution, updated four times a day.  If the forecast outputs from the model suggest that rainfall amounts could be high according to pre-defined criteria, then the forecast could be refined into a warning of possible amount and duration of  extreme rainfall by identifying the category of the expected rainfall producing system.

Categorization would involve:-

(a) Picking out threatening orographic events using the criteria in this report.

(b) Identifying slow moving frontal zones (particularly warm occlusions or  warm fronts) with high precipitation rates and 


the presence or not of  embedded instability.

(c) Identifying regions lying close to (within 200km, say) and to the north and west of the centre of a slow moving depression.

(d) Identifying regions of shows (embedded in frontal zones or otherwise)  with high rainfall rates/accumulations from the MM.  The identifying those that are likely to produce large damaging hail and/or likely  to possess multicell characteristics in area of potential instability, which if  released, would produce large amounts of CAPE.  The Met Office Gandolf, Nimrod and CDP systems all have methods of determining  these criteria, which could be utilised, perhaps probabilistically.  

A joint DEFRA/Met Office/EA project should be set up with a view to establishing a prototype 24 hour early warning system to be tested on independent data, which should include non-extreme as well as extreme events.

(3) Recent work at the University of Salford proposes a new method of identifying 
extreme convective events based upon analysis of vorticity.  This method should  be investigated further using MM NWP, and, if possible Doppler radar data.  Such work could be carried out as part of the 1) project proposed under (2) above.

(4) A scoring system for river catchments developed during the Project to provide an indication of the extreme flood potential.  By using the scoring system for river catchments developed during the Project to provide an indication of the extreme flood potential.  By using the scoring system that identifies the contributions to a flood event from the variety of components it is also possible to update and readily comprehend.  The methodology is capable of formalising intelligence tables often developed by flood forecasting and warning teams in the Environment Agency using their local knowledge but on an ad hoc basis.  Such a scoring system can be used as a decision support tool by practitioners.  It is recommended that clear guidelines be developed by studying a wider range of events covering a wider area of the country, and identifying the significance of the score values.  The system could also be used to identify the impacts upon  the flood response of a catchment due to environmental change (such as climatic or land use change).  Further work is proposed to develop the envelope curve proposed as an assessment tool. 

(5) The training data sets given in the Report should be combined with radar data from an extreme event (eg. the Walshaw Dean storm) to develop a gridded data base for use in hydrological model development.
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