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1. Introduction

The aim of this paper is to try to classify severe weather events and to give some ideas about the current possibilities of the NWP models to forecast them in order to issue warnings as early as possible to the responsible authorities and to the public.

2. Definition of severe weather

During the Meeting of the ICT on DPFS in 1999 in Pretoria, the definition of severe weather was discussed and these events were divided into two categories. Category number one concerns severe events that are quite common right around the world and number two are events that are more localized. It is acknowledged that the thresholds of the general category will differ from country to country and no attempt was made to generalise it. These thresholds could be established by the National Weather Centres themselves. 

- Category 1 : general severe weather includes events like : heavy rain, strong wind/ wind gusts, hail, lightning,  tornadoes, flash floods, extreme temperature.....

- Category 2 : more localized events concerns : snow storms, dust/sand storms, sea swell/ tsunamis/ storm surge, extended area of fog for transport (aviation especially).....

Given the difficulty due to the variety of local phenomena (depending on the latitude, the altitude, the topography and the different vulnerability of the countries), the Meeting on Severe and Extreme Events Forecasting on October 2004 in Toulouse proposed a general definition of severe weather applicable worldwide. The severe weather would be: “a hazardous meteorological or hydro-meteorological phenomenon, of varying but short duration (minutes, hours, days to a couple of weeks) and varying geographical extent, with risk of causing major damage, serious social disruption and loss of human life, requiring measures for minimizing loss, mitigation and avoidance, and requiring detailed information about the phenomenon (location, area or region affected, time, duration, intensity and evolution) to be distributed as soon as possible to the responsible authorities and to the public.”  

As local knowledge is extremely important for localized events (events belong to category 2), the 1999 ICT Meeting decided to concentrate on category 1 (general severe weather) as this is the area where the best guidance can be given, based on scientific knowledge. 

Tropical storms and cyclones are also responsible for many fatalities and economic loss every year. For this reason WMO established a global system in order to early detect such events and to issue forecasts about their trajectory and their intensity. So tropical cyclone forecasting remains out of the scope of this report. Moreover, CBS has requested to give priority to three categories of severe weather events :



A) Extratropical storms over ocean or over land;
            B) Large-scale heavy precipitation and high intensity precipitation over small area for short duration (heavy rainfall or snowstorm);

C) Active convective events with associated phenomena (heavy precipitation, hail, lightning, gusts, tornadoes);

3.   Use of NWP products.


3.1 introduction

Severe weather forecasting implies a hierarchy of several forecast processes, wich differ according to the considered range. Because of the methods and tools currently used, it seems logical to divide the whole forecasting procedure into three main processes : medium range forecasting, short and very short range and  nowcasting.

3.2 Cases A and B.

      The first two cases (A and B) concern large scale meteorological systems which are generally well forecast by operational models : now they are able to describe correctly the state and the behaviour of synoptic scale weather systems up to three days. But if NWP models can produce realistic lifecycle of extratropical cyclones leading to strong wind or/and heavy precipitations, the reality in the details (the precise location of the low and the chronology, the strongest expected gusts and/or accumulation of precipitation over 24 or 48 hours) often differ from the numerical simulation. Nevertheless, for these kind of event, an early warning can be useful for the authorities because they can mobilize important means which cannot be managed by local authorities.

We can notice that cold wave or heat wave (persistence of extreme temperatures) are also large-scale phenomena and rather well predicted by the current global models several days in advance.  


3.2.1 medium range predictability of severe weather.   


Taking into account the fact that accurate forecasts of severe weather events are difficult to achieve with help of individual models it is essential to try to take advantage of the variety of NWP models, which are currently operated by number of National Meteorological Centres. The realization of ensemble forecasts (EPS, Ensemble Prediction Systems) and the production of probabilistic forecasts is the best way to take into account the uncertainty about the specification of the initial state and to reap the benefits from the differences between the numerical models.

Reliable forecast system for prediction of severe weather in the early medium range must necessarily be probalistic, partly because such severe weather events are often associated with limited synoptic–scale predictability. An example is the Extreme Weather Forecast index (EFI), produced from ECMWF. The EFI, based on 2m temperature, 10 m wind speed and precipitation has been proposed as a measure of the distance of between the EPS distribution of the day and the model climate distribution relevant for the same location and period of the year. Its numerical value lies between –1 and +1 and when the EFI is close to +1 , then not only is the EPS distribution substantially different from climatology , it differs in the sense of wind speed being anomalously large, precipitation anomalously heavy (ECMWF Technical Memoranda N°352). Maps of EFI can be used by forecasters as an initial alert to the possibility of severe weather. This kind of product is currently evaluated by Meteo-France forecasters in order to explore the usefulnesss of the EFI in operational context. In average, they find that the false alarm rate (defined as the ratio of the number of events forecast but not observed events) is rather large. It is also important to note that for the case of severe weather events and 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.

3.2.2 Short and very short range forecasting.

For short range and mesoscale forecasting, in order to issue warnings, it is also risky to want to directly use only one model output. As the model forecasts are very sensitive to the initial conditions, especially for situations of severe weather events, it is necessary to be aware about the limits of the deterministic forecasts and to examine various possible evolution scenarii. 
The main mechanism, which explains the cyclogenesis and/or heavy large-scale precipitations is the interaction between potential vorticity anomalies and baroclinic areas linked to the jet-streams. Recent studies carried out with the 1999’s storms case, show that the ability of the numerical models to forecast accurately the cyclogenesis does not depend on the size of the mesh (when using mesh size of the order of about 50 km) nor on the system of equations (hydrostatic versus non-hydrostatic). In contrast there is an important dependence on the initial state and the way to obtain it (selection of the observations, data assimilation procedures). These conclusions are also confirmed by number of experiments consisting in modifying model initial conditions in order to better fit several crucial observations or to improve the agreement between dynamical fields (potential vorticity) and satellite WV images. So in order to obtain accurate forecasts it is necessary to define accurately the initial state, especially in the region where precursors can be identified. 
So in order to choice the most likely scenario, after understanding the present meteorological situation and the recent past at the synoptic scale, the forecaster has to compare the fields analysed or forecast at very short range of several models with the information provided by satellite imagery and with all other available observed data. Every disagreement can reveal a failure in the analysed initial state, wich is a reason to reduce the confidence in the results of the corresponding forecast. For the middle latitudes, the dynamical forcings can be identified preferably in the low layers and at the tropopause level. So, fields such as wind and geopotential height at level 1.5 PVU (the level where the Potential Vorticity reaches 1.5 PV Units, which is currently called dynamic tropopause level) provide useful informations to detect upper troposphere anomalies. The forecaster has to compare these kind of fields with Water Vapour (WV) satellite imagery (which allows to recognize some important characteristic features of the dynamic tropopause), by making appropriate superimpositions, animations and cross-sections. Fields such as Mean Sea Level Pressure (MSLP) and 850 hPa wet bulb potential temperature are informative for the low levels.

After the choice of the most likely scenario, the forecaster determines what are the main characteristics of the evolution of the atmosphere at the synoptic scale and then deduces the consequences for smaller scales and specific areas and interprets then in terms of significant weather.  
3.2.3  Nowcasting.

The forecaster’s work for nowcasting purpose is very much dependent on observations, radar, 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.
3.3  Case C .

3.3.1 Introduction.

  The third case (case C) is more associated with small scale rapidly developing vortices. As mentioned above, there are certain large–scale severe events which can certainly be forecast quantitatively by global NWP and EPS system. On the other hand, one cannot expect an NWP model to be able to simulate well scales close to the truncation scale. (Lander and Hoskins 1996). In this respect one should distinguish between the truncation scale of a model and the smallest physical feature it can accurately resolve. For example, it appears that a mesoscale convective complex with a scale of 10 km cannot be well simulated with a grid spacing of more than about a kilometre (e.g. Miller 1978). Davies and Brown (2001) find a broadly similar result when studying flow over orography. 
3.3.2 NWP operational models.

So currently, NWP give important information about the synoptic environment favourable for the development of severe thunderstorms but is unable to give with accuracy the right location and intensity of the most intense phenomena. Although NWP systems explicitly compute precipitation fields, forecasters know they cannot rely totally on this information to prepare final forecasts. Convection oriented diagnostic fields, also provide valuable help for identifying the most exposed areas but cannot give right intensity and exact location of extreme events. Nevertheless numerical models provide relevant information about the synoptic environment propitious to the development of severe thunderstorms. Low tropopause anomalies, wet bulb potential temperature and wind convergence in the lowest layers, wind shear, helicity, convective available potential energy (CAPE) allow to know the regions where intense thunderstorms are likely to occur. The National Meteorological Services which implemented nowcasting systems based on satellite images, radar networks, lightning detection systems are able to detect the location of growing up convective cells and to try to extrapolate their displacement one or two hours ahead and to calculate estimated water accumulation at the surface.
3.3.3 planned evolution of the NWP context.

A significant evolution in NWP systems is planned for the end of the decade. It is envisaged to replace or complement the current operational models by a new atmospheric model generation, which will be non-hydrostatic with horizontal resolution of 1-3 km.  Almost all the Eumetnet Short Range Numerical Weather Prediction (SRNWP) consortia (HIRLAM, COSMO, ALADIN, ALADIN-LACE, and UKMO) envisage such developments. For example, METEO-FRANCE, within the ALADIN consortium, has started to develop such a high-resolution model, called AROME, foreseen to become operational by 2008. 
One major difference between the current operational NWP models and these future high-resolution NWP systems is that the current subgrid convection parameterisation will be replaced by an explicit representation of the moist convection. Indeed, due to limited computational resources, moist convection must be parameterised in current operational models.  Parameterisation of moist convection has inherent limitations that contribute to the poor relevance of Quantitative Precipitation Forecast (QPF) of current operational models.  For the next generation of high-resolution models, a significant improvement of the representation of clouds and precipitation is expected, both by explicit treatment of moist convection and advanced parameterisation of microphysical processes. Such improvements have already been demonstrated on some case studies, with non-hydrostatic research models like MESO-NH or MM5.  These studies have also shown the necessity to improve data assimilation systems, focusing on the use of higher resolution observations, such as mesonet in-situ observations or high-resolution remote sensing information as METEOSAT Second Generation (MSG) radiances or radar data. For example, the European COST –717 action (end in 2004) aims at promoting the use of radar data in NWP models and hydrological models. 
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