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	Summary and Purpose of Document

This document contains description and proposals for the definition of a cascading process from medium-range to nowcasting. 




ACTION PROPOSED

The Meeting is invited to study this document and make appropriate recommendations contributing to the implementation of (a) demonstration project(s) of severe weather forecasting.

Reference:
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DESCRIPTION OF A CASCADING PROCESS

FROM MEDIUM RAGE TO NOWCASTING

Jean Coiffier (expert)

12 October 2004

1 - Introduction

Severe weather forecasting implies a hierarchy of several forecast processes, which differ according to the considered range.  It is the responsibility of the National Meteorological Centres to interpret the results of the numerical weather prediction for the various ranges and then to closely follow the events in order to be able to provide the users (Hydrological Services in case of heavy rain, Civil Security Services …) with useful information.

Presently, only a few Meteorological Centres have technical facilities to run all the models enabling to achieve the forecasts for all the ranges.  For this reason, it seems logical to take benefit from the resources provided by the various NMCs to implement a coordinated system aiming at providing forecasters with information as comprehensive as possible about the possibility of development of severe weather.  So it is relevant to examine how to implement a cascading procedure based on the splitting up of the whole forecast procedure into separate processes, which can be carried out by different Centres. 

According to the methods and tools that are currently used, it seems logical to divide the whole forecasting procedure into three main processes: Medium Range Forecasting (MRF), Short Range and Very Short Range Forecasting (SFF/VSRF) and Nowcasting (NC).  The aim of this document is to roughly define the content of each process and the flow of information to be exchanged between them.  It is clear that the management of a severe weather event may include other tasks involving other Services (i.e. Hydrological Service, in case of heavy precipitation, Civil Security Service…) but the scope of this document is restricted to meteorological activities only. 
2 - Medium range forecasting 

A limited number of Meteorological Centres run Ensemble Prediction Systems (EPS) for MRF purpose.  They use various techniques and provide the forecaster with a set of possible evolutions of the atmosphere.  This enables to assess, for each meteorological parameter, a finite sample of its probability density function (PDF) and not a unique deterministic value.  Knowledge of PDFs allows to compute probabilistic forecasts for all the model parameters and to quantify the uncertainty. 
For the case of severe weather events, it is possible to forecast the probability for a given meteorological parameter to exceed a specified threshold.  Nevertheless it is important to note that, even if the probability attached to the forecast scenario leading to severe weather remains weak, the corresponding evolution has not to be excluded from the various possibilities given by the ensemble.  For a given threshold the forecaster has to focus on areas corresponding to high probabilities when the dispersion is weak but he has also to have a look on the areas corresponding to weaker probabilities when the dispersion is large.

So MRF activity needs to access a huge amount of meteorological information produced by the models: mean value and standard deviation of the meteorological parameters for the ensemble or for clusters resulting from an automatic classification, probability of the occurrence of several weather events  Even if the size of the charts can be reduced by restricting the fields to the area of interest, the amount of data needed to achieve MRF is very large and it would be interesting to define synthetic products aiming to summarize the conclusions of the forecaster about severe weather at medium range.  

3 - Short range and very short range forecasting

From a practical point of view there is no need to distinguish between SRF and VSRF because forecasting is a continuous process.  SRF and VSRF differ by the respective weights the forecaster gives to the model output on one side an to the observations on the other side.  As the forecast range shortens, the importance of observations increases. 

SRF and VSRF activity can be viewed from the forecaster’s point of view as a sequence of several processes: understanding of the present meteorological situation and the recent past at the synoptic scale, assessment of the pertinence of the analysis, examination of the model output and identification of the key elements of the meteorological situation according to the conceptual models, choice of the most likely scenario, determination of the consequences of the chosen scenario for smaller scales and specific areas, description of the expected weather in terms of weather elements.  The decision to issue severe weather warning results from the comparison of specific forecast weather elements with agreed thresholds, adopted in cooperation with the Civil Security Services.  But it is important to note that it is not possible to define standard thresholds for each category of severe weather phenomena (the values or the thresholds may depend of the level of protection against the possible damages and the decision to issue warnings does not only depend purely on the expected value of meteorological parameters).

As well as MRF, SRF and VSRF activity, requires also accessing a rather large amount of data.  The evaluation of model output with help of workstation requires the ability to display all the 4-D meteorological parameters (allowing cross-sections, animation, overlaying).  Nevertheless in case of severe weather, it is necessary to provide the users (Civil Security Services, for example) with meteorological information as simple as possible.  With this respect, the coloured charts indicating the degree of risk for geographical areas, which are currently elaborated by several NMCs give a good example of the way to present the information. 

4 - Nowcasting

The forecaster’s work for nowcasting purpose is very much dependent on observations, radar and satellite information and model output: it consists in checking whether the actual behaviour of the atmosphere agrees with the forecast one.  This process needs to compare the model fields (or model synthetic images) with real satellite images or radar echoes.  When the actual evolution differs from the model one, the forecaster should be able to adjust his forecast and to amend the products delivered toward the end-user.  This task becomes particularly critical when a severe weather event is taking place.  In the case of heavy precipitations, adjustment of forecast precipitation over small areas can be done with help of the nowcasting tools (mainly radar echoes extrapolation).  Although automatic tools have been developed to try to minimize the subjective decisions of the forecaster, a clear specification of the way to properly achieve nowcasting is far from simple.

It seems difficult to specify a final product summarizing the result of the nowcasting activity to be communicated to the user.  As nowcasting results require to be communicated to the users without delay the common way to work together with the user is to implement a visualisation system in the office of the user.  So the task of the forecaster consists in providing the user with comments about the visualized information.  

5 – Downward and Upward fluxes of information

Both MRF and SRF need an increasing amount of meteorological information coming from the models.  For MRF it is necessary to be able to examine several cases from the ensemble(s) and a lot of probabilities corresponding to several thresholds.  For SRF the interpretation of the model needs to have the complete 4-D description of the model parameters.  So it is difficult to propose a best choice for the products to be transmitted.

Nevertheless, in the framework of a coordinated cascading system it seems essential to define simple products summarizing the results of MRF on one side and SRF on the other side to be transmitted downwards:
· the summary of the MRF process (consisting in evaluations or the risk for selected hazardous weather events) which has to be communicated to the NMC in charge of  SRF and VSRF; 

· the summary of the SRF process (consisting in simplified charts indicating the areas where severe event is likely to occur). 

These summaries should be as simple as possible in order to be efficient and avoid increasing the workload of the forecaster, but they should trigger subsequent actions to be carried out after reception.  What are the follow-up actions to be performed by the short range forecaster after reception of the MRF summary? What are the consequences of the SRF summary for Civil Security activities?

It is important to note that the implementation of a coordinated cascading system to forecast severe weather events needs also to define the content of an upward flux of information (from the user to the producer).  Indeed, there is the necessity to give clear information (real time feed-back) indicating the way the received information has been taken into account that would increase the vigilance of the various actors involved in the cascading process.  Moreover such upward information would be also an essential tool to assess the efficiency and the performances of the system. nThis feedback process should be activated every time a severe weather event is forecast.  

6 - Conclusion 
The implementation of a cascading process from medium range to nowcasting requires the identification of a hierarchy of sub-processes, which communicate in both directions (downwards and upwards) by exchanging information.  Downward information comprises model output, that is necessary to perform weather forecasts at the prescribed ranges but it should be complemented by short summaries aiming to trigger well-defined actions for the forecaster or the user.  Moreover upward feedback is also necessary to inform about the way the downward information has been taken into account.  These are the basic principles of the implementation of a cascading process but there remain a lot of work to detail the content of the documents to be exchanged. 

