CBS/SWFDP-SG/Doc. 5.1.3, p. 6

	WORLD METEOROLOGICAL ORGANIZATION

COMMISSION FOR BASIC SYSTEMS

STEERING GROUP

SEVERE WEATHER FORECASTING DEMONSTRATION PROJECT (SWFDP) 

GENEVA, SWITZERLAND, 28 Feb. – 2 March 2012


	
	CBS/SWFDP-SG/Doc. 5.1.3
(22.II.2012)

_______

Agenda item : 5.1.3
ENGLISH ONLY


(STATUS OF THE FIRST PHASE OF THE
FLASH FLOOD FORECASTING)

(Submitted by Paul Davies)
Summary and purpose of document

This document is to present an overview of the challenges and opportunities to develop a flash flood forecasting component for SWFDP  
Action Proposed
The meeting is invited to review the paper and provide feedback on challenges and opportunities for developing a flash flood forecasting component for SWFDP.  

1. Introduction 
1.1. Flash floods are amongst the most deadly weather events in their impact and cost to society. Vulnerability to flash floods will probably increase in the coming decades due to evolving land use and the propensity for extremes rains (for every 1 degree raise the atmosphere is able to hold 6% more water vapour)

1.2. A flash flood is typically the consequence of a short-duration storm event. The word ‘flash’ refers to the rapid onset and response, with water levels in drainage network being overwhelmed within minutes to a few hours after the onset of the rain event. This often leads to warning lead times of hours rather than days.
1.3. Flash flood generating storms can accumulate more than 200mm of rainfall in less than 6 hours over natural catchments ranging in area of 25 to 2500Km2. Over built up areas of 1 to 100km2, flash floods can be produced by storms of even shorter duration with accumulations of 50mm or more in less than an hour (these types of floods are sometimes referred to pluvial or surface water flooding). 

1.4. The rising waters and flows make these floods far more dangerous for human lives than the large river floods. Furthermore, the danger also comes from the rarity of the phenomenon, which demands a new observation strategy as well as new forecasting methodologies. 

2. Challenges

2.1. A flash flood is difficult to define as the amount of rain or the response of a catchment can both vary significantly from one event to another. For this reason, the definition of a flash flood is rather elusive and varied. The National Weather Service definition is based on the time lag from the causative rainfall to a flood, with the time lag being 6 hours or less, but this can vary from country to country.

2.2. One of the major challenges in flash flood forecasting is that the catchments are typically small, and good observational networks of both rainfall and discharge are rare. Therefore, hydro-meteorological models are difficult to calibrate and the simulated river discharges cannot always be compared with ground measurements.

2.3. The weather conditions leading to flash floods mostly stem from severe convective systems that typically develop under potentially unstable conditions released by localised trigger mechanisms. Due to their localised nature, the observation of these events with a gauging network is problematic. Therefore accurate monitoring and prediction of severe storm rainfall events continue to be a major challenge. Prediction of these events is even more difficult due to the strong interaction of different physical and micro-physical processes across different scales.

2.4. Most flash flood cases studies have identified several weaknesses, namely;

· Need to improve NWP

· Understand total uncertainties in the coupled Hydro-meteorological model system

· Verify flood and types after they occurred (river vs flash). In those cases studied, acknowledge verification is often done against a limited number of proxy observations

· Improve communication to end users. Decision support or communication of flash flood forecasts and warnings are often not adequately considered i.e. dealing with false alarms (including communicating uncertainty and probabilities)

3. Opportunities

3.1. Among the main challenges for forecasting Flash floods is the need for very short-range forecasting (including the first 12 hours) tools, especially to address the rapid onset of localised severe thunderstorms that produce heavy precipitation. A suitable blending of the use of real-time observational data sets and nowcasting methods, with high-resolution NWP outputs is now possible. This technique could now be integrated into a flash flood forecasting system. 
3.2. At the Expert Meeting on Very Short Range Forecasting (EM-VSRF), March 2011, it was noted that forecasting rainfall at hydrological important scales is becoming a real possibility. Such scales are now being resolved by the new generation of observation systems, and weather models coming to use, and it is expected to give increasingly useful forecasts of rainfall and runoff.  As a result, flood forecasting and warning systems, which historically have been based on the lack of sufficiently fine scale rainfall information, need to be revisited in the light of the new meteorological capabilities. This is particularly true for flash flooding, where these new capabilities offer the possibility of providing more reliable warnings
3.3. One accepted method for predicting flash floods in un-gauged catchments is the so called ‘Flash Flood Guidance System (FFGS). Flash flood guidance is a general term referring to the average rain needed over an area and during a specific time in order to initiate rapid flooding in small streams. In addition the antecedent soil moisture or precipitation from previous days is taken into account. This method has been successfully implemented and has a proven track record in enhancing forecasters’ ability to predict flash floods e.g. SA Weather Service. 
3.4. However, there is no unique and simple theory about the runoff production on catchments during flash flood events. The main reason is that a variety of processes can be involved. These include the characteristics of the catchment (land use, soil type and depth, sub-soil, local slope, upstream contributing area and the antecedent moisture conditioning. Therefore, in order to forecast flash floods reliably, the temporal and spatial resolutions of the underpinning meteorological and hydrological model should ideally be coupled to small scales. In recent years the possibility of a fully coupled meteorological – Hydrological model is now becoming a reality which could benefit SWFDP.
3.5. EPS are increasingly being applied for operational flood forecasting for early warnings (LEPS, EPS, MOGREPS, ECMWF EPS). EPS based forecasts allow earlier flood detection and if applied correctly, could provide early warning information. However, uncertainty of EPS for flood forecasting can be reduced significantly through the use of threshold exceedence, persistency criterion and post-processing.
4. Way forward

4.1. When meteorological and hydrological models are married so as to provide objective guidance relative to say, true flash flood potential (rather than just heavy precipitation potential), then meteorologists and hydrologists will both be confronted with the challenge to use this information wisely in producing the best possible forecasts and warnings to the users. Flash floods almost certainly will be low-probability events (especially at a given location), right up to the time that rainfall actually begins. The key to good flash flood warnings (associated with detecting the event as soon as possible after it begins) is having recognised that a flash flood event was possible (i.e., an enhanced probability over climatology) before the rainfall starts to fall. 

[image: image1]
Sounding taken from Pretoria in advance of a major flash flood event, courtesy Ezekiel K Sebego, SA Weather Service displaying characteristics of an environment very supportive of warm rain process dominated convection. Very high PW, especially relative to climatology, little to no CIN, thin, relatively small amounts of CAPE, absence of significant dry air at any level, low wind shear, very deep warm cloud depth. A forecaster can look at real-time data to assess whether storms are feeding off the moisture rich environment and becoming warm rain dominant. This environment could certainly be characterized as tropical even hours before any rainfall occurs, preparing the forecaster for the possibility of flash flooding

4.2. The Post-processing, including blending approaches and extrapolation of coupled NWP-Observational data layers will enable forecasters to recognise the risk of flash flooding hours ahead of an event. 
4.3. One approach to post processing high resolution NWP to quantify uncertainty of location of flash flood producing systems. Although the deterministic model is not run as an ensemble it is possible to make use of something called a ‘time-lag’ ensemble by combining the output from the most recent forecast with the output from previous forecasts. The probabilities generated are the probabilities that a particular ‘flash’ flood rainfall threshold be exceeded somewhere within a catchment.
4.4. Better use of satellite information in the forecaster decision making process. 
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4.5. Transferring the hydro-meteorological knowledge into practical applications and projects, focusing on developing countries is key to long term success. In order to achieve this, it is important that:
· Established RSMCs should play a key role by providing products and tools for flash flood forecasting to NMHSs in their regions, following the model of the SWFDP.
· A post-processing “tool-kit” should be developed, which could be implemented (in whole or in part) by NMHSs.  This would enable optimal use of existing post-processing systems for flash flood forecasting.
· Training materials on how to use, interpret and improve flash flood forecasting (tuned to particular regions) should be developed, including developing conceptual models, forecaster check lists, showcases and examples on strengths and weaknesses of the various systems. 
· User-oriented post-processing tools should be developed in collaboration with the end-users.  These include: the development of Standard Operating Procedures (SOPs), the definition of thresholds, etc., in a multi-hazard approach.
· Forecasters and hydrologists should work together for developing a holistic approach to flood forecasting using coupled NWP – hydrological models and data sharing systems.
· Make better use of existing flood maps and hydrological data layers in order to define the susceptibility to flash flooding e.g. the Hydrometeorological survey of the catchments of lakes Victoria, Kyoga and Albert: Burundi, Egypt, Kenya, Rwanda, Sudan, United Republic of Tanzania and Uganda. Vol.1 Meteorology and hydrology of the basin is available for use and could be a powerful tool to complement flash flood forecasting systems, such as the FFGS.
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