JOINT WMO TECHNICAL PROGRESS REPORT ON THE GLOBAL DATA PROCESSING AND FORECASTING SYSTEM AND NUMERICAL WEATHER PREDICTION RESEARCH ACTIVITIES FOR 2012
SLOVENIA

SLOVENIAN ENVIRONMENTAL AGENCY (ARSO)

1.
Summary of highlights
The ALADIN model is used as a primary tool for the short-term weather forecasting. Slovenian Meteorological Office has been involved in numerical weather prediction since 1993 as a member of ALADIN consortium. ALADIN-SI has been run operationally since 1997. The model has been evolving and since March 2011 it has included 3D-Var local data assimilation. 

Slovenia became a full member of ECMWF in December 2012. 
2.
Equipment in use
SGI ALTIX ICE 8200 computer system has been used since the end of 2007. It includes 45 diskless compute nodes, each node with 16 GB of memory and 2 Quad core Intel Xeon 5355 processors (360 cores), 7 service nodes used for login, management, control and IO operations, two Infiniband DDR networks, one for IO and the other for MPI communication and a dedicated NAS IO node with 48 TB FC disk array. 
The main software components are Intel compilers, PBSPro queuing management system and ECMWF's SMS for management of operational jobs.
3.
Data and Products from GTS in use
· SYNOP, TEMP, SHIP, BUOY, BUFR, METAR
4.
Forecasting system
4.1
System run schedule and forecast ranges
ARSO is a member of RC LACE and ALADIN international consortium with a common goal to produce a limited area model for operational use for short-range numerical weather prediction. 
The ECMWF products are used mainly for medium-range weather forecasting. 

The operational short-range forecast system is based on limited area model ALADIN, three suites are in the operational production in 2012.

	Suite
	Initialization
	Analysis time + forecast range
	LBCs from
	Production time (UTC)

	ALADIN 9.5km  
	dynamical adaptation
	00UTC + 72 h

06UTC +72 h

12UTC + 72 h

18UTC +60 h
	ARPEGE (MF) 

	2:50 - 3:45

9:50 - 10:35

14:35 - 15:25

21:50 - 22:30

	ALADIN 9.5km  
	dynamical adaptation 
	00UTC + 72 h

06UTC +72 h

12UTC + 72 h

18UTC +72 h
	IFS (ECMWF) 

	6:35 - 7:00

12:35 - 13:00

18:35 - 19:00

0:35 - 1:00

	ALADIN 4.4km  
	3Dvar  + OI
	00UTC + 54 h

06UTC +54 h

12UTC + 54 h

18UTC +54 h
	ARPEGE (MF) 

	2:50 - 4:20

9:50 - 10:50

14:35 - 15:40

21:50 - 22:55


4.2
Medium range forecasting system (4-10 days)
4.2.1
Data assimilation, objective analysis and initialization

4.2.1.1
In operation

4.2.1.2
Research performed in this field

4.2.2
Model
4.2.2.1
In operation

4.2.2.2
Research performed in this field

4.2.3
Operationally available Numerical Weather Prediction Products
ECMWF forecasts are operationally used.
4.2.4
Operational techniques for application of NWP products (MOS, PPM, KF, Expert Systems, etc..)
4.2.4.1
In operation

Kalman filtering is used to improve the 2 m temperature forecasts. MOS is performed operationally, giving the information about temperature forecast as well as the information about the level of confidence of the forecast. 
4.2.4.2
Research performed in this field

4.2.5
Ensemble Prediction System (EPS)
4.2.5.1
In operation

4.2.5.2
Research performed in this field

4.2.5.3
Operationally available EPS Products
ECMWF EPS forecasts are operationally used. The EPS clusters and probabilities are computed and visualized locally (plume, cluster, tube, probability fields, EPSgrams). The probability diagrams based on the EPS forecasts has been developed.  They are prepared for 5 different Slovenian regions and are available on the web www.meteo.si. 
4.3
Short-range forecasting system (0-72 hrs)
4.3.1
Data assimilation, objective analysis and initialization
4.3.1.1
In operation
Operational analysis for 4.4 km ALADIN-SI is provided by a 6-hourly assimilation cycle which includes 3-dimensional variational assimilation (3D-Var) of atmospheric observations and optimal interpolation of surface observations is used for soil temperature and humidity analysis. The sea surface temperature is not assimilated but is taken from the coupling model ARPEGE. 

Most of the common observation types are assimilated, including SYNOP, AMDAR, TEMP, WINDPROFILER observations. Satellite radiances from MSG, NOAA AMSU A,B are also assimilated. Those observations are obtained from the common LACE preprocessing system OPLACE. In addition to that, more locally available surface observations are used, including Slovenian automatic stations.   

A few observations type have been tested and are on their way towards the operational implementation, including additional satellite radiances (METOP, IASI) and locally received aircraft data (Mode-S).

The production run (forecast up to 54 hours) is computed 4 times per day. Digital filter initialization (DFI) is used for initialization both in the assimilation and production cycles. 
4.3.1.2
Research performed in this field

Research on data assimilation focuses on new observational data types and assimilation practices to be used over the very complex and inhomogeneous terrain of Slovenia. 

One such new observational source Mode-S, a system designed for air-traffic control. The meteorological data (temperature, wind) can be extracted every 4 seconds from a part of Mode-S equipped aircraft. In the validation study carried out by Strajnar (2012), where observations in radius about 270 km around the airport of Ljubljana were used, it was shown that the quality of such data (collected through a special Mode-S MRAR data register) is comparable to the quality of AMDAR data. The spatial coverage is much increased locally compared to AMDAR.

To account better for variations of surface vegetation, an albedo assimilation procedure was proposed by Cedilnik et al.(2012). In this study, daily LANDSAF (Land Surface Analyses–Satellite Application Facility) albedo product was assimilated using Kalman filtering. This replaced the commonly used climatological monthly means. Positive impacts in terms of reduced model temperature bias and RMSE were observed over a period of one year. 

4.3.2
Model
4.3.2.1
In operation
The ALADIN spectral limited-area model uses hydrostatic version of primitive equations and semi-implicit semi-lagrangian numerical scheme. ALARO physics package and ISBA surface scheme are used. The model domain covers central Europe and uses Lambert projection. The lateral boundary conditions are taken from ARPEGE or IFS/ECMWF global models. ALADIN-SI is currently run with horizontal resolutions of 9.5 (258x244 points) and 4.4 km (439x421 points) and 43 hybrid-type vertical levels. Initial conditions are provided by local data assimilation cycle in case of 4.4 km, otherwise the global model analysis is used. 
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Domain and model topography of ALADIN-SI (4.4 km).

4.3.2.2
Research performed in this field

Slovenian NWP team is involved in the development of ALARO physics package.

4.3.3
Operationally available NWP products
Real-time ALADIN forecast fields are available on model and pressure levels for visualization and applications with hourly output resolution. Many fields are encoded to GRIB format and processed and visualized inside VisualWeather (IBL Software product). Meteograms and vertical cross sections are also operationally prepared.  
4.3.4    Operational techniques for application of NWP products
4.3.4.1
In operation
Kalman filtering is used to improve 2 m temperature forecasts.
4.3.4.2
Research performed in this field

4.3.5
Ensemble Prediction System 
4.3.5.1
In operation
No ensemble prediction system is run at ARSO. PEPS (using operational limited-area models over Europe) and LAEF (LACE ALADIN-based EPS) are used.

4.3.5.2
Research performed in this field

4.3.5.3
Operationally available EPS Products
LAEF members and derived products (two runs per day with hourly data till +60) are available in VisualWeather system. LAEF forecasts are used in hydrological modeling; precipitation and temperature data from each of the 17 LAEF members are used as input data for running the flood forecasting system simulations on Sava and Soča river basins. 

4.4    Nowcasting and Very Short-range Forecasting Systems (0-6 hrs)

4.4.1

   Nowcasting system

4.4.1.1

   In operation

The high-resolution analysis and nowcasting system INCA (Integrated Nowcasting through Comprehensive Analysis), developed at Austrian meteorological service (ZAMG), is used as an operational nowcasting tool. The domain with 1 km horizontal resolution covers Slovenia and parts of neighbor countries.

The INCA system uses ALADIN forecasts for its background and corrects it with recent observations to create a high-resolution analysis. The frequency of analysis and short-range forecasts up to 12 hours is 1 hour for temperature, wind and cloudiness, and 30 minutes for precipitation and its type. The nowcasting (forecast) part depends on the parameter but generally converges to ALADIN forecast after a few hours.

Measurements made by ARSO are complemented by other quickly available surface observations (e.g. data collected by road companies).  
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Domain and topography of INCA nowcasting system.

4.4.1.2   Research performed in this field

4.4.2
   Models for Very Short-range Forecasting Systems

4.4.2.1

   In operation

4.4.2.2    Research performed in this field

4.5
Specialized numerical predictions 

4.5.1
Assimilation of specific data, analysis and initialization (where applicable)

4.5.1.1
In operation

4.5.1.2
Research performed in this field

4.5.2
Specific Models (as appropriate related to 4.5)
4.5.2.1
In operation 

4.5.2.2
Research performed in this field

4.5.3
Specific products operationally available
4.5.4
Operational techniques for application of specialized numerical prediction products (MOS, PPM, KF, Expert Systems, etc..) (as appropriate related to 4.5)
4.5.4.1
In operation

4.5.4.2
Research performed in this field

4.5.5
Probabilistic predictions (where applicable)
4.5.5.1
In operation

4.5.5.2
Research performed in this field

4.5.5.3
Operationally available probabilistic prediction products
4.6
Extended range forecasts (ERF) (10 days to 30 days) 
4.6.1
Models 

4.6.1.1
In operation

4.6.1.2
Research performed in this field

4.6.2
Operationally available NWP model and EPS ERF products
4.7 
Long range forecasts (LRF) (30 days up to two years) 
4.7.1
In operation

4.7.2
Research performed in this field

4.7.2
Operationally available EPS LRF products
5.
Verification of prognostic products
The operational verification of ALADIN products provides traditional scores (bias, root mean square error, standard deviation) for most important weather parameters. A database of forecast values at SYNOP and TEMP locations in Europe and N Africa (at several pressure levels) is maintained.

Operational ALADIN forecasts of all cooperating countries are collected. Internal and external users can interactively access the verification database via web-based application  and  create their own traditional score reports for a number of selected locations, areas and forecast ranges. They can compare the skill of different ALADIN models including deterministic forecast of ECMWF against observations and other models.

As this system lacks flexibility, additional R-based scripting system was also developed and operates on the verification database described above.  
6.
Plans for the future (next 4 years)
6.1
Development of the GDPFS
Migration to the new computer system and an upgrade of the operational suites is planed for 2013. Suites with horizontal resolution 9 km will no longer be computed. 4.4 km suite will use latest model version with improved description of physical processes and the vertical resolution will be increased. Surface scheme SURFEX will be tested. The frequency of forecast production will be changed from every 6 hours to 3 hours.

In longer term, a 2 km version of the model will be evaluated. Additional remotely-sensed data types will be included in the upper-air data assimilation system. 
6.2
Planned research Activities in NWP, Nowcasting, Long-range Forecasting and Specialized Numerical Predictions
6.2.1 Planned Research Activities in NWP

We will continue our research activities in the scope of LACE consortium mainly in the field of ALARO physics and data assimilation. 

6.2.2 Planned Research Activities in Nowcasting

We will continue to improve local implementation of INCA model with new techniques and by using new observations. RUC with high-resolution ALADIN model will be implemented soon in order to improve data assimilation process and to make a step in the direction of usage of NWP model for the nowcasting purposes.
6.2.3 Planned Research Activities in Long-range Forecasting

6.2.4 Planned Research Activities in Specialized Numerical Predictions

The development of a chain of operational oceanographic models  (waves, ocean dynamics, oil spill) will be continue during the next few years. It is planned to have an operational oceanographic model chain covering Adriatic and part of Mediterranean by the end of 2014. Some tests will be done in the direction of bi-directional coupling of oceanographic and atmospheric model. 

The modeling of atmospheric air quality coupled with existing operational atmospheric model ALADIN will be operationally implemented in 2013.
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