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Summary and purpose of document

This document provides information on the status of NWP systems for very short-range forecasting in RA VI.
Action Proposed

The meeting is invited to consider the information for discussion.
_______________

1.
The COSMO model
COSMO is the Consortium for Small-Scale Modelling currently composed of the national weather services of Germany, Switzerland, Italy, Greece and Poland. Romania and Russia are in a stage to join the consortium as well. For details see the web site www.cosmo-model.org.

COSMO is a primitive equation model, non-hydrostatic, fully compressible, with no scale approximations. The model equations are formulated on a rotated latitude/longitude Arakawa C-grid, with generalized terrain-following height coordinate and Lorenz vertical staggering. The prognostic variables include the pressure perturbation, the Cartesian wind components, the temperature, the specific humidity, cloud liquid water, cloud ice, rain, snow and turbulent kinetic energy. Finite difference third order spatial discretisation is applied, and time integration is based on a 2-timelevel Runge-Kutta split explicit method. Fourth order linear horizontal diffusion with an orographic limiter is applied. Rayleigh-damping is applied in the upper layers. A new multi-layer soil model with 8 layers for energy and 6 for moisture is used; moisture is updated every 24h from the global model in the lowest levels.
In the 14 km or 7 km realisations of the model, convection is parameterised using either the Tiedke or Kain-Fritsch scheme. Further, in the 2km real realisations of the COSMO model convection is parameterised by a shallow convection scheme (the deep convection being explicitly computed), topographic effects on radiation are considered and a prognostic graupel hydrometeor class is used in the microphysical parameterization.
Data assimilation in COSMO is based on the nudging or Newtonian relaxation method, where the atmospheric fields are forced towards direct observations at the observation time. For the convective scale (1-3 km), strategic discussions are under way in order to clear the respective advantages of variational assimilation versus ensemble assimilation.
7 km or 14 km COSMO models have been implemented operationally by all COSMO members. The global driving model is either the GME of DWD or the IFS of ECMWF. Germany (COSMO-DE), Switzerland (COSMO-2) and Italy (COSMO-IT) also implemented 2.2 km models embedded in the above 7 km models.

Two COSMO ensembles are also generated: one is the COSMO LEPS targeted for forecasts at days 3 to 5. A clustering on the ECMWF ensemble is operated and 16 of its members are used to drive 16 COSMO models with 10 km resolution. A short range ensemble (SREPS) is also under development. Together with perturbations in physics, forcings and boundary conditions, different initial conditions are produced by using four different global models. SREPS could be used for the very short range forecasting, but there are no results to show yet.

In the following, the implementation of the 2.2 km model at MeteoSwiss is described. Similar results apply to the other two models.
2.
Implementation of the COSMO Model at MeteoSwiss

MeteoSwiss is currently setting up a high-resolution NWP model in order to get an automatic generation of local forecast products in complex topography. These will be used for general short-range forecasting purposes and contribute to the security of the Swiss population by the generation of warnings/alarms e.g. in case of high-impact weather, floods or incidents in nuclear power plants.

The COSMO model is run in two configurations: the regional COSMO-7 is driven with the ECMWF IFS and covers most of Western Europe. It provides the lateral boundary conditions for the high-resolution COSMO-2 model calculated on a domain covering the Alpine arch (Figure 1 and table 1). The primary aim of COSMO-2 is to provide forecasts on the nowcasting to short-range time scale. Therefore the forecasts are organized as a rapid update cycle with forecasts starting every 3h and integrated up to 24h.


[image: image1]
Figure 1 Setup of the MeteoSwiss NWP System. The black rectangle in the COSMO-2 domain marks the area where radar data is available from the 3 Swiss C-Band radar stations (marked by the black small circles)
	
	COSMO-7
	COSMO-2

	Number of gridpoints and levels
	385x325, 60L
	520x350, 60L

	Horizontal mesh size
	6.6km
	2.2km

	Time step
	72s
	20s

	Cumulus parameterization
	Tiedke
	-

	Data Assimilation
	Conventional observations
	Conventional observations + Radar



Table 1 – Specification of COSMO-7 and COSMO-2.

2.1 Data assimilation
Data assimilation is based on the nudging. Currently, conventional observations are assimilated: synop/ship/buoys (surface pressure, 2m humidity for the lowest model level, 10m wind for stations below 100 m above msl), temp/pilot (wind, temperature and humidity profiles) and airep/amdar (wind, temperature) as well as wind profiler data. Typical 24 h assimilation at MeteoSwiss ingests about 120 vertical soundings, about 8000 upper-air observations, about 28000 surface observations and about 1000 wind profilers. A new snow analysis derived from MSG satellites combined with dense observations is applied. In COSMO-2 radar-derived rainfall is additionally assimilated by the Latent Heat Nudging scheme, making use of the high spatial and temporal resolution rainfall observations. Radar data is taken from the Swiss Radar Network consisting of three C-Band Radar (see Fig. 1). The assimilation cycle consists of 3h slices with an observation cut-off time of currently 45min.

2.2 First Verification Results
Verification of the NWP models at MeteoSwiss is routinely done against SYNOP and TEMP observations. Since the COSMO-2 model is currently operated in a pre-operational mode and is still under development, only preliminary results are available. Figure 2 shows statistical verification, demonstrating the impact of the assimilation of radar data. RMS Errors range from 1.7 to 2.2K for temperature, from 315 to 325 Pa for surface pressure and from 2 to 2.2 m/s for 10m wind speed. Note that the number of observations is not constant in time, which influences the magnitude of the RMS errors.
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Figure 2 Statistical verification of 2m Temperature (left panel), surface pressure (middle panel) and wind speed (right panel). Red (black) curves show mean time-dependent forecast errors started at 18UTC from analyses with (without) radar rainfall assimilation. Root Mean Square Errors are calculated with reference to ca. 60 Swiss SYNOP stations. Statistics are computed from 74 forecasts in the period of 11.June to 23.August 2007.

Radar assimilation is expected to produce positive impact on precipitation forecast, mainly in the shorter range. This can be shown on a few examples (fig. 3)  The assimilation of radar can help to better localise the instability as shown in the first example (12.6.2007) or to produce a more correct humidity input (19.6.2007). The impact usually vanishes after 6 hours in convective cases, but can be kept up to 12 hours in cases of large scale precipitation.
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Figure 3 Examples rainfall forecasts with and without radar assimilation. The radar “observation” is shown in the first column. The effect of radar assimilation is shown in the two last columns. The first case (12.6.2007) shows a very short range forecast (0-6h) and the second case a short range forecast (6-12h).
A more systematic study has been carried out with the MAP D-PHASE dataset. The results are shown in fig. 4, and they exhibit a positive impact of radar assimilation through latent heat nudging up to 12 hours. The effect is mainly a reduction of the precipitation over forecasting. A stratification by synoptic situation as well as by geographic place could show different behaviours depending on these parameters.
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Figure 4 Mean relative precipitation bias (model-radar)/radar over all Swiss warning regions. The radar is corrected with rain gauges, using aggregated precipitation over a region. The dependency on the lead time is shown. Black: started from assimilation cycle without LHN, red from cycle with LHN.
2.3 Outlook
COSMO-2 is currently being operated in a pre-operational test phase and is planned to go operational in the beginning of 2008. Still, there are is a lot of research going on. Planned improvements include a higher vertical resolution in the boundary layer, the assimilation of humidity information derived from GPS and radar wind profiles (VAD). Additional developments carried out in the COSMO consortium will readily available for operations.
3.
INCA
INCA is an acronym for Integrated Nowcasting through Comprehensive Analysis and is a system developed at the Austrian meteorological service ZAMG. Its aim is to produce a blending between the observations at very short time with model forecast at longer time steps. It produces an observation-based analysis and forecasting system with a very high spatial and temporal resolution.

Schematically it is described in fig. 5

 The NWP model output is Aladin (9.6km resolution, 45 levels, hourly, two model runs per day) and the used variables are geopotential, temperature, humidity, wind, precipitation, total and low level cloudiness. In the Swiss implementation, the COSMO 7 model is used.
Following surface stations are used: 150 automated stations,  200 hydrological stations, measurements every minute, 2m temperature, relative humidity, dew point, 10m wind, precipitation amount, duration of precipitation and sunshine duration.
Radar imagery: 4 radar stations, measurements every 5 minutes. Satellite imagery:  MSG, measurements every 15 minutes 
Elevation data: dataset from the US Geological Survey, resolution: 930m in latitudinal and 630m in longitudinal direction.
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Figure 5 Schematic view of the INCA system.
Following fields are analysed and forecasted:

A) Temperature/humidity

B) Wind
C) Cloudiness
D) Precipitation
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 Figure 6 Verification of temperature forecasts of the Aladin DMO and the of INCA system.
4.
Connected topics

Verification of models at this scale very strongly exhibits the double penalty effect (not at the right time at the right place). Within COSMO, a project evaluating different fuzzy verification methods is presently conducted.

MAP D-PHASE (Demonstration of Probabilistic Hydrological and Atmospheric Simulation of flood Events in the Alpine region) is a Forecast Demonstration Project (FDP) of the WWRP (World Weather Research Programme of the WMO). It aims at demonstrating some of the many achievements of the Mesoscale Alpine Programme (MAP, the first Research and Development Project under the auspices of the WWRP), in particular the ability of forecasting heavy precipitation and related flooding events in the Alpine region. Several convective scale models (COSMO-2, COSMO-DE, COSMO-IT, AROME are compared on a common platform.
______________
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Analysis and forecast fields with a high temporal and spatial resolution: 
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