Operational use of the dynamical adaptation for high-resolution ALADIN forecast in Dinaric Alps

Stjepan Ivatek-Šahdan

Meteorological and Hydrological Service, Grič 3, HR-10000 Zagreb, Croatia

ABSTRACT

Results from the operational forecast using ALADIN model in extreme weather situations concerning strong flow across the Dinaric Alps will be presented. The use of less time-consuming dynamical adaptation technique leads to successful operational forecasting of strength, occurrence and spatial distribution of strong winds (bura) that frequently disturb traffic along the eastern Adriatic coast, and became the irreplaceable part of the ALADIN-Croatia operational suite. ALADIN model is used for the operational 48h forecast on two domains with 12-km and 8-km resolutions. First, 12-km resolution model is nested inside the global model ARPEGE operationally used at Meteo France, and the 8-km resolution model is nested inside the 12-km one. Output wind field from the 8-km resolution model is dynamically adapted to the 2-km resolution topography, and 2-km resolution output surface wind field is used for operational forecast. Forecast data will be compared to the measurements from automatic and SINOP stations.

1. Introduction

In the Croatian Meteorological Service ALADIN is running operationally twice a day, for 00 and 12 UTC. Coupling files are retrieved from ARPEGE (Meteo-France global model). Model resolutions are 12.2 km for LACE domain, 8 km for HRv8 and 2 km for dynamical adaptation domains.

Initialization of ALADIN on LACE domain is provided by Digital Filter Initialization (DFI). When the 48 hours forecast on LACE domain finishes, 48 hours forecast on HRv8 starts, without initialization, with coupling files from LACE. Coupling frequency and frequency of output files for LACE and HRv8 domains are the same, 3 hours.

In operational suite 5 domains (Karlovac, Senj, Maslenica, Split and Dubrovnik) for dynamical adaptation of the wind field in the lower troposphere to orography are used. Four of them cover the coastal part of Croatia with Dinaric Alps in inland part of domains. And fifth (Karlovac) has Dinaric Alps in domain too. Dynamical adaptation is run sequentially for each output file, every 3 hours till 48 hours.

The historical output files from the LACE and HRv8 integrations and the dynamical adaptation are retrieved from SGI machine to one LINUX PC during integration. The production of GRIB files, the visualization of numerous meteorological fields and the production HRID meteorological diagrams are done. Comparison of forecasts with SINOP data is done every hour for today’s and yesterday’s runs. The products are available on the Intranet & Internet. Internet address with some of the ALADIN products, precipitation and 10 m wind fields are: http://prognoza.hr/aladin_prognoza_e.html and http://www.tel.hr/dhmz/prognoza/aladin_prognoza_e.html .

2. Results of dynamical adaptation of the wind filed in the lower troposphere

Results from the operational forecast using ALADIN model in extreme weather situations concerning strong flow across the Dinaric Alps will be presented. Terrain of the Croatian coast is represented as smoothed in LACE and HRv8 domains. For example Zavižan station is placed at 1594 m height, altitude in LACE is 715 m, in HRv8 888 m and in Senj domain for dynamical adaptation 1512 m. Increase in resolution produces a large impact on the spatial variability of the surface wind field. That was a reason why to use dynamical adaptation of the wind field. Figure 1, represents direct model output of the 10 m wind speed for Maslenica domain valid at 13th March 2003 21 UTC, start of the model is 12th March 2003 00 UTC. Result from the 45 hours forecast of the wind field from HRv8 domain, with 8-km resolution, is dynamically adapted to orography with horizontal resolution of 2 km.
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Figure 1. Result of dynamical adaptation for the 10 m wind speed in Maslenica domain valid at 21 UTC 13th March 2003, wind speed (m/s) is shaded, wind direction –vectors

3. Comparison SINOP data

Model results are compared with wind speed from SINOP data. On Figure 2, comparison of 10 m wind speed (m/s) for 12-km, 8-km resolutions model, dynamical adaptation of wind field with 2-km resolution with SINOP data are presented for period 12th March 2003 00 UTC till 14th March 2003 00 UTC. Results from models (LACE and HRv8) and dynamical adaptation are connected with lines, data exist for every 3 hours. Maximum frequency of SINOP data is every hour. If there is SINOP for every hour, data are connected with line, if there is some gap in data then the line doesn’t exist. On a left side of the figures, inside of the Figure 2, names of the domain or station (postaja), coordinates and altitude of the station or nearest point in the model are written.

There is improvement of forecast with increase of resolution for higher wind speed, especially for stations that are out of urban areas like airport (local name-aerodrom). Forecast is usually better for points near to the high mountains and out of urban areas like it is for Dubrovnik_aerodrom.
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Figure 2. Comparison of 10 meter wind speed (m/s) for 12-km, 8-km resolutions models, dynamical adaptation of wind field with 2-km resolution with SINOP data for period 12th March 2003 00 UTC till 14th March 2003 00 UTC

4. Comparison with data from automatic measurement station
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Figure 3. Comparison of 10 meter wind speed (m/s) for 12-km, 8-km resolutions models, 2-km dynamical adaptation of wind field with data from automatic measurement station for period 12th March 2003 00 UTC till 14th March 2003 00 UTC

On Figure 3, measured 10-min mean and maximum wind speed, forecast of wind speed on LACE and Hrv8 domains and dynamical adaptation of wind field to orography with 2-km horizontal resolution.

It is shown that if forecast of driving model was reasonably good, dynamical adaptation of the wind field is able to produce better forecast, if the forecast of driving model is bad, it is not possible to improve the forecast. It is very important for traffic purpose that starting time of strong wind is predicted. That was the case for Maslenica and Makarska automatic measurement station.

5. Conclusion

The Croatian coast is lined with mountains that are relatively small in area but rather steep, with tops above 1500 m, very close to the coastline. Orography plays an very important role in controlling the weather, but orographically induced weather in the area are poorly resolved or not resolved at all in large-scale models. For some point in mountains difference between orography in model and real one is 879 m, it is more than half of the real one 1594 m.
In general there is improvement of the forecast of the wind speed with the increase of the horizontal resolution of the model.

It is proved that dynamical adaptation of the wind field to orography in the lower troposphere is very useful for forecast. It is shown that if forecast of driving model was reasonably good, dynamical adaptation of the wind field is able to produce better forecast, if the forecast of driving model is bad, it is not possible to improve the forecast.
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