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Summary and purpose of document

This document presents an overview of recent developments and advances on nowcasting and very short-range forecasting.
Action Proposed  

The meeting is invited to consider the information in this document and provide comments as appropriate.

REPORT ON THE ACTIVITIES RELATED TO NOWCASTING AND VERY SHORT-RANGE FORECASTING

1. RAPID REFRESH AND HIGH RESOLUTION MODELLING

Nowcasting has been for a long time, and is still a matter of extrapolation of observations and blending of observations and numerical weather prediction.  However, in the last years, the development of high resolution models, the assimilation of remote sensing data and the implementation of rapid refresh suites has renewed the interest of NWP models for nowcasting while bringing new challenges on assimilation, spin-up and cycling issues.

An example of such a rapid refresh system is given by NOAA’s High Resolution Rapid Refresh system.  HRRR provides dynamic adaptation forecasts from the Rapid Refresh model -previously known as the Rapid Update Cycle- at a 3-km resolution every hour, until 12-hour forecast range.   The Rapid Refresh system assimilates radar data hourly and provides 13-km resolution forecasts.
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Météo-France plans to implement an hourly rapid refresh version of its non-hydrostatic AROME model.  First experiments have demonstrated an improvement over the operational version of AROME at a 2,5-km resolution, except for surface pressure in the first hours.  Very-high resolution versions of AROME (0,5 km) will be developed and coupled with the rapid refresh system as a nowcasting downscaling process for certain areas of interest, like airports or cities, and will make use of high-level local observation systems (band X radars, lidars, ground fluxes measurements,…).   
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The scientific challenges to successfully implement such systems are the following:

· Data assimilation : the observation must be available very rapidly and dense enough so that they bring significant information in the system.  
· Forcings : the cut-off delay is necessarily short and since the model results must be available in a very short time, asynchronous techniques can be used for coupling with higher scale models.
· Spin-up issues : the classical spin-up problems that arise in operational NWP must be tackled with care since the use of the model forecasts can be hampered by spurious quality loss in the first time steps of model run.  Spurious oscillations can be seen for instance on surface pressure.  The main cause of spin-up is the imbalance of  meteolorogical fields that produce gravity waves.  Although spurious oscillations can be controlled efficiently, filtering alters the initial fields and can degrade some forecast parameters.
· Cycling issues : if the quality of the previous forecast is not good enough, it can not be used as a guess in the assimilation process.  If this is the case, then the rapid refresh process will not be cycled, i.e. the hourly analysis will not use the most recent rapid refresh forecast.
2. KM-SCALE ENSEMBLE PREDICTION

As computer power increases and assimilation techniques improve, it becomes possible to run high resolution ensemble systems, with applications to severe weather warnings, probabilities, downstream coupled models

(hydrology, dispersion, air quality, road icing),…  

The set of forecasts can be built either by using different lateral boundary conditions (coupling from global ensemble prediction systems), different initial states, different model error representation, or perturbations in the physics of the model (eg the cloud microphysics).  ECMWF has experienced stochastic perturbations of physics tendencies.

A case study is shown below where instantaneous rains are compared with ensemble forecasts obtained with Météo-France’s AROME ensemble prediction system at a 2,5-km resolution using stochastic physics.


Benefits of km-scale or non-hydrostatic ensemble systems is expected in the case of severe convective events where deterministic models often fail to adequately represent local extreme precipitations events.

2,5-km model reflectivities
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Radar reflectivities





Ensemble non-hydrostatic prediction


Dark yellow : determinstic forecast > 20 mm


Light yellow : P(precips > 20 mm) > 10%





Instantaneous radar precipitations








