JOINT WMO TECHNICAL PROGRESS REPORT ON THE GLOBAL DATA PROCESSING AND FORECASTING SYSTEM AND NUMERICAL WEATHER PREDICTION RESEARCH ACTIVITIES FOR 2011

Croatian Meteorological and Hydrological Service (DHMZ)

1.
Summary of highlights 

Work on the limited area model ALADIN focused on the preparation of the operational implementation of a new 2km version named HR22 running ALADIN model in the so called ALARO0 set-up with non-hydrostatic dynamics and prognostic turbulence microphysics and convection schemes. A considerable effort has been invested into establishing the data assimilation suite using 3D-Var in 8 km resolution from pre-operational version of the assimilation system using 3D-Var for atmospheric fields and optimum interpolation method for surface field. This has replaced the dynamical adaptation 8km resolution LAM using hydrostatic ALADIN initialized by digital filter initialization (DFI). Special attention was given to the evaluation of wind field forecasts as well as re-analysis and on the improvement of the forecasts in the severe weather events.

Further, work to study the impact of new observation types like GPS based humidity data and ASCAT soil moisture data in the assimilation system continued in 2011.

A considerable effort has been invested into an upgrade of the computer in order to implement the new operating system, queuing system and compiler versions.

2.
Equipment in use at the Centre

The computer used for the forecasting system is an SGI Altix origin. The storage is Xyratex and the visualization is based on Grads, Magics and Metview.

Table 1. Computers used operationally.

	Computer
	Memory
	Storage

	Model forecast SGI Origin, 56 CPU 
	112GB
	3.0TB

	Storage
	8 GB
	32TB disc + tapes

	Visualization Opteron Linux cluster, 8 cpu
	2.5GB
	1TB


	SGI Altix LSB-3700 BX2 Server with 56 Intel Itanium2 1.6GHz/6MB

112 GB standard system memory

2x146 GB/10Krpm SCSI disk drive, 3 Tb scratch disk

Storage: 32Tb online data + tapes

OS SUSE Linux Enterprise Server 10 for IPF with SGI Package

Compilers: Intel Fortran version 9.0.031 & C++ version 9.1.053

Queuing system (PBS Pro version PBSPro_11.1.0.111761)

Main users: NWP, Air-quality modelling & Climate modelling
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Figure 1. Operational computer system at DHMZ.


3.
Data and Products from GTS in use 

· SYNOP 

· TEMP 

· AMDAR

· SHIP

· FAX 

· GRIB

4.
Forecasting system

4.1
System run schedule and forecast ranges 

The operational Limited Area Model ALADIN (named ALADIN-Croatia in the following) 8-km resolution forecast is run two times per day for 72 hours ahead. Additionally, 6-hour forecast at 8 km horizontal resolution is performed, taking initial conditions from 00, 06, 12 and 18 UTC analyses (where maximum possible observational data was used) to provide first guess fields for the 12 and 00 UTC analyses. The 00 and 12 UTC 8-km resolution forecast are dynamically adapted to the 2 km resolution topography in a procedure designed to improve high resolution wind forecast, especially in case of severe weather events. The procedure is performed for each output file of the 8-km resolution forecast, first with 3-hourly frequency, and then on the remaining outputs to provide hourly forecast for 72-hour forecast range. The high-resolution full model forecast at the 2-km resolution is run only once per day. It uses the 6-hour forecast of the 8-km resolution operational forecast initiated at 00 UTC and runs for up to 24 hours. This forecast range covers the observing period of the rain gauges. Forecast ranges and product availability times are shown in Table 2. 

Table 2. The main features of the operational model runs.

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

	ALADIN 8km 00 UTC 
	3Dvar OI
	00UTC + 72 h
	00 UTC ARPEGE (MF) 

or IFS (ECMWF)
	3:40

	2km HRDA 00 UTC
	No
	00UTC + 72 h
	ALADIN 8km 00 UTC
	3:45 (3 hourly)

	ALADIN NH 2km
	SSDFI
	06UTC + 24 h
	ALADIN 8km 00 UTC
	7:20

	2km HRDA 00 UTC-1h
	No
	00UTC + 72 h
	ALADIN 8km 00 UTC
	07:50 (1 hourly)

	ALADIN 8km 12 UTC 
	3Dvar OI
	12UTC + 72 h
	12 UTC ARPEGE (MF) 

or IFS (ECMWF)
	15:20

	2km HRDA 12 UTC
	No
	12UTC + 72 h
	ALADIN 8km 12 UTC
	15:25 (3 hourly)

	2km HRDA 12 UTC-1h
	No
	12UTC + 72 h
	ALADIN 8 km 12 UTC
	16:05 (1 hourly)


4.2
Medium range forecasting system (4-10 days)

There are two global model products available. The IFS operational forecast output is available from ECMWF and the ARPEGE model output is available from Meteo-France. 

4.3
Short-range forecasting system (0-72 hrs)

The operational ALADIN-Croatia is run twice daily, starting from 00 and 12 UTC analyses. The operational forecast is run 72 hours ahead on a Lambert-projection domain with 8 km horizontal resolution with 37 hybrid sigma-pressure levels in the vertical. From November 2011 data assimilation system is used to produce initial fields for the 8-km run. The assimilation system is described in section 4.3.1. For lateral boundary conditions (LBCs) two sets of data are available: ARPEGE or IFS global model. 

The model fields are subsequently going through a dynamical adaptation procedure (Ivatek-Šahdan and Tudor, 2004) that produces a 2-km resolution forecast of 10 m wind speed and gusts. The dynamical adaptation method of Žagar and Rakovec (1999) has been adapted for the purpose of operational forecast of the 10 m wind. The method provides successful operational forecast of the 10 m wind (Ivatek-Šahdan and Tudor, 2004) and is used extensively in research impact studies (Bajić et al., 2007) as well as case studies of severe wind (Tudor and Ivatek-Šahdan, 2002).

The model fields are first interpolated from the low resolution (8 km in this case) to a higher resolution (2 km) grid, but at a considerably lower number of model levels – at 15 out of 37 vertical levels. The number of vertical levels is reduced to minimize computational cost. The levels close to the ground are of similar density, and the higher levels are mostly omitted. Then a hydrostatic version of the ALADIN model is run for 30 time steps with a 60-second time step. The same large-scale model data are used as initial and boundary conditions, therefore the fields at lateral boundaries do not change during the adaptation procedure. Turbulence is the only parameterization scheme used. Contributions from the moist and radiation processes are not computed in order to accelerate the model integration. As an addition to operational forecast, a 2-km resolution 24-hour forecast was introduced recently, with non-hydrostatic (NH) dynamics in the ALADIN model and the full parameterization set, including the convection scheme. This forecast is performed once daily, following the 00 UTC operational 8-km forecast. It uses the 6-hour forecast from the 8-km operational run as an initial file and is run with the Scale-Selective Digital Filter Initialization (SSDFI). This high-resolution forecast is then integrated for 24 hours, until 6 UTC on the next day. This procedure covers the 24-hour period allowing the collection of precipitation data from rain gauges.

4.3.1
Data assimilation, objective analysis and initialization 

4.3.1.2 In operation

Two versions of ALADIN-Croatia with 8 km horizontal resolution are run in the parallel mode since the mid-February 2010. In the first version, 72-hour forecast was initialized from global model fields interpolated to LAM grid (dynamical adaptation mode) and, in the second version, 72-hour forecast was initialized from an analysis carried out at the 6-hour forecast from assimilation cycle. At the beginning of 72-hour forecast digital filter initialization (DFI; Lynch, 1997) was applied in both versions. In November 2011, the run initialized with dynamical adaptation was closed, and the run with data assimilation is the only operational forecast at the 8-km resolution.

The assimilation system consists of two parts: surface assimilation, which is used to initialise the state of the modelled land surface variables, and the upper-air assimilation. Surface assimilation is made by the optimal interpolation (OI) technique, while the upper-air assimilation is conducted using the 3D Variational technique (3DVAR). Surface assimilation uses 2 m temperature and relative humidity observations. For upper-air assimilation the following observations are used: SYNOP, TEMP, AIREP, wind-profiler and measurements from polar and geostationary satellites (Table 3). Observational data is available through local exchange facility (OPLACE - Observation Pre-processing for LACE) installed and maintained in the Hungarian Meteorological Service in Budapest. In addition, the data-assimilation suite uses the data from the network of automatic stations of Croatia (Figure 2). More details about assimilation setup can be found in Stanešić (2011). 

The forecast error is approximated by a set of forecast differences valid at the same verification time, but at different forecast ranges, the so-called standard NMC method of background error-matrix calculation. The method uses 100 forecast differences for the period 15 February until 25 May 2008. The model runs are initialized with a 24-hour time difference and the forecast ranges (36h and 12h forecasts) used for the B-matrix calculation were valid at 00 UTC. The B matrix is isotropic in the horizontal and follows a multivariate formulation of vorticity, divergence, temperature and surface pressure and specific humidity as the control variables. The operational B matrix is currently not tuned. 

Analysis cycle is executed four times per day using a long cut-off observational data and LBCs. In the production, a short cut-off data and LBCs are used. 

For the 2-km resolution run a SSDFI is used to initialize the fields, since the usual DFI removes some meteorological high resolution features from the initial model fields (Termonia, 2008).

Table 3. Observations currently used in the operational 3DVAR-assimilation system:

	Observation system
	Assimilated fields

	SYNOP
	T2m,RH2m,Φ

	SHIP
	T2m,RH2m,Φ,U10m,V10m

	AMDAR/AIRREP
	U,V,T

	TEMP
	U,V,T,Q, Φ

	WINDPROFILER
	U,V

	GEOWIND
	U,V

	MSG SEVIRI
	radiance
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           Figure 2: Automatic weather stations in Croatia.

4.3.1.2 Research performed in this field

Verification results for seasons from March 2010 till the mid-August 2011 for 2m temperature, 2m relative humidity and surface pressure are presented. The largest improvement is attained for the winter period when bias (BIAS), root mean square error (RMSE) and standard deviation (STD) are much better for the forecasts in which initial conditions are taken from the assimilation cycle (DA) in comparison with the forecasts started from initial conditions obtained by dynamical adaptation of the ARPEGE fields (DY) (Figure 3). During summer verification results for 2m parameters are better for DY, especially T2m and RH2m BIAS in the afternoon hours. As the soil has a large influence on 2-m parameters during summer the degradation of scores may be attributed to erroneous local surface analysis. Therefore, the tuning of surface analysis is currently being performed. 
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Figure 3. Verification scores of RMS (full lines), BIAS (dashed) and STD (dotted) for the dynamical adaptation (black) and data assimilation runs (red).
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     Assimilation of radar data in ALARO. Regional Cooperation for Limited Area modeling in Central Europe (RC LACE) countries uses ALARO at a resolution of 4 km or less. At this resolution, radar data are an essential source of information. To implement different data formats used in national services a tool has been developed. The core of the software is C++ classes called the Radar Classes. Recently LACE joined HIRLAM in development of CONRAD (CONvert RADar data), and Radar Classes are built in CONRAD. Further development in the assimilation of radar data would be an implementation of AROME reflectivity operator.

Figure 4. An example of CONRAD (CONvert RADar   data) in action.

Background error matrix 

The background error matrix (B matrix) currently used in operations is calculated by using the standard NMC approach (Bologni and Horvath, 2010). First, the ensemble B matrix was calculated for the same period (15th February until 25th May 2008) by dynamically downscaling ARPEGE/IFS ensemble members to the 8-km grid with the hydrostatic version of the operational model, using an intermediate domain with the 12-km grid spacing, provided by RC-LACE. Four ARPEGE/IFS ensemble members were downscaled for the 6-hourly forecast range. Two pairs of 6-hourly forecast differences were calculated and used for the ensemble B-matrix calculation. The ensemble B matrix is shown to be considerably different compared to the standard NMC B matrix (Figure 5), In the second step, the same methodology was used to estimate four seasonal B matrices for periods MAM, JJA, SON in 2008 and DJF in 2008/09. These matrices are being studied in seasonally-dependent forecast errors in the operational NWP system.
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Figure 5: Standard NMC (left) and ensemble (right) mean vertical cross-covariance matrices between divergence (y-axis) and balanced geopotential (x-axis).

4.3.2
Model

4.3.2.1
In operation 

The model system for the short range weather forecast used at Meteorological and Hydrological Service (DHMZ) is ALADIN-Croatia. The integration domain of the 8-km resolution run is shown in Figure 6 and the domain for the 2-km resolution run is shown in Figure 7. The main characteristics of the operational forecast model are listed in Table 4.

Horizontal diffusion in NWP models is employed to suppress the accumulation of energy at the shortest wavelengths. In ALADIN this used to be achieved by a common 4th order numerical diffusion at the end of each time step. The semi-Lagrangian horizontal diffusion (SLHD) is computed by combining two semi-Lagrangian interpolators of different diffusivity with the flow deformation as a weighting factor. This procedure yields an improved horizontal diffusion scheme that is based on the physical properties of the flow (Vana et al., 2008). The SLHD is used in parallel model versions since December 2006 and it is fully operational since February 2008. 

The so-called ALARO0 physics parameterization package includes prognostic schemes for turbulence, microphysics and convection. The turbulent exchange coefficients are computed using prognostic values of turbulent kinetic energy (TKE) according to Geleyn et al. (2006).

The parameterization scheme for land surface, Interaction Soil Biosphere Atmosphere (ISBA; Noilhan and Planton, 1989), is used in operational forecast as well as in the surface data assimilation (Giard and Bazile, 2000).

Cloud microphysics describes the processes of condensation, evaporation, freezing and melting as well as the processes that transform the cloud water droplets and ice crystals into rain and snow. A simple microphysics scheme is used with prognostic cloud water and ice, rain and snow (Catry et al., 2007) and a statistical approach for sedimentation of precipitation (Geleyn et al., 2008). 

Table 4. Model characteristics in different model runs

	
	ALADIN 8km
	2km HRDA
	2km NH 

	Horizontal resolution
	8 km
	2 km
	2 km

	Spectral truncation
	(quadratic) 79x71
	(quadratic) 149x149
	(quadratic) 149x149

	Number of levels
	37
	15
	37

	Number of grid points
	240x216
	450x450
	450x450

	Time step (sec)
	327.273
	60
	60

	Forecast range (hrs)
	72
	72
	24

	Initialization
	OI + 3Dvar
	No
	SSDFI

	Coupling model
	ARPEGE or IFS 
	ALADIN 8km
	ALADIN 8km

	Coupling freq. (hrs)
	3 (Davies relaxation)
	constant LBCs, (Davies relax.)
	1 (Davies relaxation)

	Output frequency (hrs)
	1 and 3
	1 and 3
	1

	Dynamics
	Hydrostatic, 2 time level, semi implicit, semi lagrangian
	Hydrostatic, 2 time level, semi implicit, semi lagrangian
	non-hydrostatic, 2 time level, semi implicit, semi lagrangian

	Orography
	Mean
	mean
	mean

	Grid (gp and spec)
	A, quadratic
	A, quadratic
	A, quadratic

	Physics
	Modified old Alaro0
	Turbulence only
	Modified Alaro0

	Horizontal diffusion
	SLHD
	SLHD
	SLHD


The operational radiation scheme (Ritter and Geleyn, 1992) is based on Geleyn and Hollingsworth (1979) scheme. It is simple and computationally inexpensive since it uses only one spectral band for the computations of transfer, scattering, absorption and reflection of shortwave solar radiation and longwave thermal radiation of the Earth's surface and clouds. The scheme has been enhanced for the ALARO0 physics package (Geleyn et. al. 2005a, 2005b) but these modifications slightly deteriorated the cloud and temperature forecast in stratus clouds and fog (Tudor, 2010).

The convective processes redistribute momentum, heat and moisture in the vertical. The deep convection parameterization of the ALARO0 physics package (Gerard and Geleyn, 2005) is a prognostic mass-flux scheme (Gerard, 2007) where convective processes are treated with the use of prognostic variables for updraft and downdraft vertical velocities and mesh fractions (Gerard et al., 2009). The 8-km resolution operational run uses a diagnostic mass-flux convection scheme, while the 2-km non-hydrostatic run uses prognostic convection scheme.

Wind, temperature and humidity are interpolated from the model levels to the standard meteorological measurement heights (10 and 2 meters above surface) using a parameterized profile (Geleyn, 1988). 

4.3.2.2
Research performed in this field 

The implementation of the high resolution non-hydrostatic forecast has received considerable attention. The model set-up has been first established on several cases with strong lee waves and rotors that have proven to be dangerous for the air traffic. The model is to forecast sudden severe bura (bora) wind events (Tudor and Ivatek-Šahdan, 2010) that have been missed by the operational high resolution dynamical adaptation of the wind field. This set-up was further tested on several severe weather cases with torrential rain and flash floods to asses the convective processes. Finally, an extensive testing for the period July and October-December 2010 and March 2011 has shown that the configuration is stable and subjective verification against a high resolution rain gauge network has encouraged its operational implementation. 

The 2-km non-hydrostatic run is operational since 1st July 2011 for the domain shown in Figure 7. It uses the AL36T1 model version with the ALARO0 set-up of the physics parameterisations. The 6-hour forecast of the 8-km runs starting from the 00 UTC analysis is used for initial conditions. The run is initialized using the scale selective digital filter initialization that removes the spurious gravity waves generated by interpolation, but leaves the meteorological waves quasi intact. 
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Figure 6: Domain and model topography (shaded, in meters) of ALADIN-Croatia 8 km resolution run, 11 rows on the northern edge and 11 columns on the eastern edge are the extension zone.
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Figure 7: Domain and model topography (shaded, in meters) of ALADIN-Croatia 2km resolution non-hydrostatic run and high-resolution dynamical adaptation.

The coupling update frequency problem. The lateral boundary conditions from the global NWP models ARPEGE (run in MeteoFrance) and IFS (ECMWF) are provided with a 3 hours interval. These LBCs are used by the 8-km resolution operational model as the lateral boundary conditions in 8 gridpoints at lateral boundaries by means of Davies coupling scheme (Davis, 1983) and linear interpolation in time. An atmospheric disturbance can be missed by the coupling scheme. Alternative time-interpolation schemes can improve the problem in a simple 1D model (Tudor and Termonia, 2010). A recursive high-pass filter has been implemented into the ARPEGE model that is applied to the surface pressure field. The resulting filtered field reveals when there is a disturbance in surface pressure moving fast enough to cross the lateral coupling zone of a limited area model during the 3 hourly coupling intervals. The filtered field has been available in the LBC files for the LACE domain (used in Croatia) obtained from ARPEGE (Meteo France) since 06 UTC run on 23rd January 2006 (Figure 8).
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a)                                                            b)                                                             c)

Figure 8. Average filtered surface pressure field (*10^3) for different resolutions of the coupling files (a) 20.678 km, (b) 15.400 km and (c) 10.510 km. Larger values correspond to more frequent pressure disturbances. 

4.3.3
Operationally available NWP products

Output variables of the 8km resolution run (3 hourly outputs):

· 3D: u, v, omega (Pa/s), geopotential, vorticity, divergence, absolute and potential vorticity, temperature, potential and equipotential temperature and relative moisture on pressure levels (1000, 975, 950, 925, 900, 850, 800, 700, 600, 500, 300, 250 hPa);

· 2D: u, v 10m above ground, temperature and relative humidity 2m above ground, low, medium, high and convective cloudiness, stratiform and convective rain and snow, mean sea level pressure, wind gusts u and v components, CAPE, moisture convergence, PBL height, and the Showalter, Sweat, k-index and totals-totals (in)stability indices,

· 2D: pre-defined vertical cross sections of wind, temperature, humidity, potential temperature, vertical velocity, TKE and snow.

Output variables of the 8km resolution run (1 hourly outputs):

· 3D: model output fields used for initial and LBCs of the 2km resolution model runs

· values at approximately 300 pre-defined model points of mean sea level pressure, cloudiness (low, medium, high, convective), precipitation (rain and snow), 2m temperature and humidity, 10m wind speed, direction and gusts used for meteograms,

· upper level values of potential temperature, humidity, wind speed and direction used for the high-resolution isentropic analysis (HRID).

Output variables of the 2km resolution dynamical adaptation of the wind field:

· 10m wind speed, direction and gusts figures are produced 3 hourly, data are hourly,

· pre-defined vertical cross-sections of potential temperature wind speed and direction. 

Output variables of the 2km resolution non-hydrostatic forecast (hourly outputs):

· 3D: u, v, omega (Pa/s), geopotential, potential vorticity, potential temperature and relative humidity on pressure levels (1000, 975, 950, 925, 900, 850, 800, 700, 600, 500, 300, 250 hPa);

· 2D: u, v 10m above ground, temperature and relative humidity 2m above ground, low, medium, high and convective cloudiness, stratiform and convective rain and snow, mean sea level pressure, wind gusts u and v components, CAPE, moisture convergence PBL height, and the Showalter, Sweat, k-index and totals-totals (in)stability indices.

4.3.4    Operational techniques for application of NWP products (MOS, PPM, KF, Expert Systems etc.)

4.3.4.1
In operation

4.3.4.2
Research performed in this field

4.3.5
Ensemble Prediction System 

4.3.5.1
In operation

The operational LAMEPS system at ZAMG-Austria, ALADIN-LAEF, was upgraded in February 2009 (Wang et al. 2011). Currently ALADIN-LAEF is running under the SMS (Supervisor Monitoring Scheduler) environment on high computer facility of ECMWF twice per day (00 and 12UTC), consisting of 16 perturbed members and one control member, on 18 km horizontal resolution, with 37 levels in the vertical. 

4.3.5.2
Research performed in this field

Team members were involved in the development of the ALADIN_LAEF system in ZAMG.

4.3.5.3
Operationally available EPS Products

ECMWF EPS and ALADIN-LAEF products are available to forecasters.

Outputs of other operational ALADIN models run in other LACE countries together form an ensemble of forecasts since all meteorological services run different model versions and data assimilation/initialization set-ups. 

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

4.4.1

   Nowcasting system

4.4.1.1

   In operation

In the operational forecast service nowcasting is primarily based on METEOSAT satellite data, received through EUMETCast service, radar data from two Doppler radars located in the continental part (Bilogora and Osijek) and lightning data from LINET lightning detection network and ATD NOS system (Met Office).

Satellite data

· single channel data

· RGB images and image differences are used for fog and low cloud analysis, convection detection 

· EUMETSAT MPEF (Meteorological Products Extraction Facility) products

· some NWC SAF (Satellite Application Facility on support to Nowcasting/ and Very Short-Range Forecasting) products

Satellite-based Nowcast products

Locally developed post-processing products based on satellite data are used operationally. These are: atmospheric motion vectors, convective cell detection, forecast cloud contours, fog and low cloud detection, and fire detection products (Figure 9). Products are calculated with each time slot and displayed in the forecast intranet system. 

INCA

The high-resolution analysis and nowcasting system developed at ZAMG, Austria has been implemented at DHMZ. INCA (Integrated Nowcasting through Comprehensive Analysis) combines forecast fields of the numerical weather prediction model ALADIN and high-resolution topographic data with measurements from surface station data and remote sensing data (radar, satellite). The system operates at a 1-km horizontal resolution and with vertical resolution of 100-200 m. In the current implementation at DHMZ, the INCA system provides analysis of 2-meter temperature, humidity and 10-meter wind on an hourly basis. Also two-dimensional maps of some derived quantities (e.g. CAPE, CIN, LFC, wind chill …) are available. Currently, the remote sensing data are not used as input for INCA. Also, the nowcasting part of INCA is not yet implemented.   
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Figure 9: Satellite-based nowcast products: convective cell detection, forecast cloud contours, fog/low cloud probability.

4.4.1.2   Research performed in this field

Research is currently directed towards establishing a correlation between the appearance of the structures such as overshooting, cold ring and cold U/V on top of convective clouds, detectable from the satellite data, and the occurrence of severe weather such as strong wind, showers, hail and lightning measured by the weather station data and lightning networks. The research is expected to enable a possible automatic detection of the cloud-top structures in the nowcast process as probable indicators of severe weather. 

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

Implementation of the INCA system in forecast mode (nowcast and very short-range forecast) is planned as well as assimilation of satellite and radar data to improve precipitation forecast.  This should enable using INCA precipitation forecast in the operational flood forecasting. 

4.5
Specialized numerical predictions 

4.5.2 Specific models

4.5.2.1 In operational

4.5.2.2 Research performed in this field

Marine pollution transport. A study was done using numerical models of atmosphere and ocean to asses a case when parts of Adriatic Sea coastline in south-east Croatia became polluted by large amounts of floating waste in the second half of November 2010. The labels on several waste items revealed their Albanian origin. An intensive rainfall event of 7-10 November 2010 has initiated flash flood that washed the waste into a river or the sea (Figure 10a). The waste was brought to the Croatian coast by the Eastern Adriatic Current intensified by SE wind episodes. A number of drifter trajectories initiated off the coast of Albania during the intensive rainfall event, especially on 00 and 12 UTC on 10th November 2010, reach south-eastern Adriatic coast of Croatia by the time the waste was observed on the beaches (Figure 10b).

a)                                                                                   b)
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Figure 10. (a) Measured accumulated 24 hourly precipitation on rain gauges in Croatia, Montenegro and Macedonia (circles), TRMM rainfall data (squares) and 8km ALADIN forecast data (shaded) for the period from 06 UTC on 9th to 06 UTC on 10th November 2010. (b) Endpoints of drifter trajectories initiated at 00 UTC 10th November 2010 from 9 areas (each of them in different colours) off the coast of Albania, valid at 12 UTC 21st November 2010.

Air quality modelling. Recently, a special application of the air quality model EMEP (European Monitoring and Evaluation Programme) called EMEP4HR (EMEP for Croatia; e.g., Jeričević et al., 2007; 2009; 2010; 2011; Kraljević et al., 2008) has been developed at higher resolution, and coupled with NWP meteorological driver ALADIN at 10 km x 10 km horizontal resolution. Therefore the EMEP4HR model is EMEP Unified Eulerian model at finer resolution, 10 km x 10 km which uses ALADIN Numerical Weather Prediction (NWP) model. The model is used for the modelling of atmospheric chemistry and calculation of photo-oxidants and particulate matter concentrations over domain shown in Figure 11. The EMEP4HR model is nested into the unified EMEP model that is operationally applied on horizontal resolution 50km x 50km.  Unified EMEP models are the chemical transport models used and developed at the Norwegian Meteorological Institute (Simpson et al, 2003). It simulates atmospheric transport and deposition of acidifying and eutrophying compounds, as well as photo-oxidants and particulate matter over Europe. The model domain covers Europe and the Atlantic Ocean with the grid size 50 x 50 km2, while in the vertical there are a 20 terrain following layers reaching up to 100 hPa. The Unified EMEP models uses 3-hourly meteorological data from PARallel Limited Area Model with Polar Stereographic map projection (PARLAM–PS), a dedicated version for EMEP of the High Resolution Limited Area Model (HIRLAM) model. 

Spatial distribution of yearly average surface concentrations for NO2, O3, PM10 and NH3 over the EMEP4HR domain is shown in Figure 12. The model results have been used in different research studies to analyze the simulation of air pollutants in complex urban orography over city of Rijeka in Croatia (Telišman et al. 2009; 2012). 

The model was used in the modelling intercomparison study AQMEII (Air Quality Model International Initiative) and the results are published in Vautard et al. (2011) and Solazzo et al. (2012).
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Figure 11. Domain of the EMEP4HR model (EMEP coupled with NWP ALADIN) with 10 kmx10 km horizontal resolution.
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Figure 12. Spatial distribution of yearly average surface concentrations for different pollutants in the EMEP4HR domain.

4.5.3 Specific products operationally available

Forecast of the road conditions. The variability of bora wind (bura) in space and time has a pronounced influence on road traffic. Therefore, knowing Bura characteristics is a necessary condition for road transport safety. To properly organize the traffic safety system, special emphasis should be given to the quality of measured long term wind speed and direction data and low resolution atmospheric forecast models.

An application, named ANEMO-ALARM (Bajić et. al., 2008), has been developed that assists road authorities in managing the traffic on the roads affected by strong wind and turbulence. The application is based on measured and forecasted wind speed and gusts for a choice of locations on Croatian roads that are most affected by severe wind. The application communicates with the user through a graphical user interface (Figure 13). The interface shows current and expected alarm status for road traffic safety conditions for any of the three categories of vehicles (green is for open road, yellow for preparedness status and expected road closure and red indicated that the road is closed).
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Figure 13. The ANEMO-ALARM user interface. The measured (thick lines) and modelled (thin line) mean wind speed is shown on a graph as blue line, wind gusts are red and direction is green. 

4.6
Extended range forecasts (ERF) (10 days to 30 days) 

4.6.1
Models 

4.6.1.1
In operation

Locally none (ECMWF products are used). 

4.6.2
Operationally available NWP model and EPS ERF products

Locally none (ECMWF products are used).

DHMZ participates at SEECOF (South-Eastern Europe Climate Outlook Forum) which is currently leaded by SEE Sub-regional Virtual Climate Change Centre (SEE-VCCC). Seasonal forecasts for winter (December, January, February) and summer (June, July, August) are performed by consensus of NMHS representatives and end users and qualitative verification of such forecasts is made.
4.7 
Long range forecasts (LRF) (30 days up to two years) 

4.7.1
In operation

Locally none (ECMWF product are used, System 3 till November 2011, later System 4). 

4.7.2
Research performed in this field

Various measures of forecast quality are analyzed for 2-m temperature seasonal forecasts over Europe from ECMWF experimental seasonal forecasts and regional model (RegCM3) ensembles for winter and summer seasons during the period 1991 to 2001 (Patarčić and Branković, 2012). The 50-km Regional Climate Model is used to dynamically downscale nine-member ECMWF ensembles. Three sets of RegCM3 experiments with different soil moisture initializations are performed: the RegCM3 default initial soil moisture, initial soil moisture taken from ECMWF seasonal forecasts, and initial soil moisture obtained from RegCM3 ECMWF interim Re-Analysis (ERA-Interim)-driven integrations (RegCM3 climatology). Both deterministic and probabilistic skill metrics are estimated. 

The better-resolved spatial scales in near-surface temperature by RegCM3 do not necessarily lead to the improved regional model skill in the regions where systematic errors are large. The impact of initial soil moisture on RegCM3 forecast skill is seen in summer in the southern part of the integration domain. When regional model soil moisture was initialized from ECMWF seasonal forecasts, systematic errors were reduced and deterministic skill was enhanced relative to the other RegCM3 experiments. The Brier skill score for rare cold anomalies in this experiment is comparable to that of the global model, whereas in other experiments it is significantly smaller than in global model. 

There is no major impact of soil moisture initialization on forecast skill in winter. However, some significant improvements in RegCM3 probabilistic skill scores for positive anomalies in winter are found in the central part of the domain where RegCM3 systematic errors are smaller than in global model.

4.7.3
Operationally available EPS LRF products

5.
Verification of prognostic products 

In the Forecast office, ECMWF and ALADIN – Croatia forecast fields of temperature, precipitation and wind  are verified by means of computing standard statistical measures (ME, MAE, RMSE, SS...) and some others (RPSS, KSS, HSS), using observations from 11 SYNOP stations in Croatia. Forecast range: 3 days for ALADINs and 10 days for ECMWF.

Results of ECMWF model verification are regularly published in Annual Report on application and verification of ECMWF products (“Green book”). Figure 14 presents an example of precipitation forecast verification, exhibiting the performance of the various skill scores (Wilks, 2006) with respect to the forecasting period. A pronounced daily variation of bias is also observed.

[image: image17.emf]0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192

lead time (hours)

Bias

Kss

Hss


Figure 14 Bias, Hansen-Kuipers skill score (Kss) and Heidke skill score (Hss) for ECMWF 12-hour precipitation for 2011 (station Zagreb Maksimir).

In the Forecast office, the emphasis of the verification is recently put to the office’s end products. Figure 15 presents an example of operational (daily and monthly) real-time verification, where a comparison of maximum and minimum temperature forecasts is displayed, and basic scores are calculated. 
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Figure 15 Real-time verification of 2m maximum temperature forecast (for tomorrow) for Zagreb Maksimir. Model forecasts (Aladin, ECMWF) are compared to Office’s forecast (DHMZ) and observed values (Tmax). Basic scores are calculated: mean error (ME), mean absolute error (MAE) and root mean square error (RMSE). Skill is defined as percentage of forecasts where absolute error is less than 2°C.

In the research department, standard statistical scores: RMSE, STD and bias are computed using all conventional measurements available for the data assimilation: SYNOP, TEMP, SHIP and automatic stations.
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Figure 16. Measured (purple, red or black marks) and forecast from 8km (full line) and 2km (dashed) wind forecast for cloudiness (a), mean sea level pressure (b), temperature (c), wind speed (d), direction (e) and precipitation (f). This is an example for a SYNOP station Gradište. Details are in the text.

Operationally, Research department produces graphs of measured meteorological quantities (mean sea level pressure, 2-m temperature and humidity, 10-m wind speed, direction and gusts) precipitation and observed cloudiness together with forecasts of the same parameter obtained from various operational model forecast runs from the closes model grid point. The same is done for SYNOP and automatic stations.

An example in Figure 16 shows the comparison of measured and forecast data for the Gradiste SYNOP station, the longitude, latitude and station height are shown in the top left corner of each panel. Figure 16a shows observed total cloudiness (purple marks) and low cloudiness (red marks), while Figures 16b-e show measured mean sea level pressure, temperature, wind speed and direction during the previous two days and today, as well as forecasts during the same period and the next two days. The most recent forecast run (starting today at 00) is shown in orange, yesterday’s run from 12 UTC analysis is in yellow, from 00 UTC is in light green, a day before yesterday at 12 UTC is in light blue and at 00 UTC is in blue. The accumulated 24-hourly precipitation is shown in Figure 16f for the previous 9 days, different line colours correspond to forecasts starting from different analysis times. The time of the analysis is written on the left side in the same colour. The measured precipitation is shown with black dots. Similar graphs are produced automatically, every hour, after the measurements from SYNOP stations become available, for all Croatian SYNOP stations and a considerable number of SYNOP stations from the surrounding countries. 
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Figure 17. Measured (purple) and forecast from 8km (full line) and 2km (dashed) wind forecast for temperature (a), relative humidity (b), mean sea level pressure (c), wind speed (d), direction (e) and gusts (f). This is an example for an automatic station Krapina. Details are in the text.

There are more than 40 automatic stations that measure meteorological parameters in 10 minute intervals, these data are also used for operational model verification (Figure 17). This example shows the comparison of measured and forecast data for the automatic station Krapina, the longitude, latitude and height of the station are shown in the upper left corner. The comparison is made for temperature, relative humidity, mean sea level pressure, wind speed, direction and gusts. Measured values are plotted with 10 minute interval. The figures are made once per hour.

Subjective verification of precipitation: The 2-km resolution precipitation forecast could benefit from several improvements and tunings, but there is little measured data available to validate such improvements (Figure 18). Radars cover only the inland (continental) part of Croatia. The Slovenian radar covers Istria, but at the edge of its range. The rain-gauge measurements which are available operationally in a short time arrive from less dense network consisting mostly of SYNOP stations. The rain-gauge measurements are collected from a denser network, but these are available several months after the event. The high-density network reveals high spatial variability of precipitation intensity, while the measurements available operationally yield smooth precipitation. 
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Figure 18. Forecast of the 24 hourly accumulated precipitation in 2 km resolution (left column), available rain gauge measurements (middle column) and 8 km forecast (right column) are shown for 3 days with precipitation: 06 UTC 21-22 November 2010 (top row), 24-25 October 2010 (middle row) and 02-03 September 2011 (bottom row).

6.
Plans for the future (next 4 years) 

6.1
Development of the GDPFS

6.2
Planned research Activities in NWP, Nowcasting and Long-range Forecasting

6.2.1 Planned Research Activities in NWP

· LBCs – filtered surface pressure field provides information when an atmospheric disturbance in surface pressure enters the domain too quickly to be resolved on the domains lateral boundaries. It happens rather often in the western Mediterranean (on the western edge of ALADIN-Croatia). Another issue is the possibility of an upper air disturbance entering the domain too quickly. Further research in this area should investigate if alternative interpolations in time could fix this problem.   

· LBCs (contd.) – use (hourly) LBC from IFS

· data assimilation – the seasonal dependency, weather-regime dependency, non-isotropy and tuning of the of the background error matrix. Include more data (automatic stations) in data assimilation. 

· air-sea interaction – currently available SSTs in LBC files from global model ARPEGE do not resolve Western Adriatic current that can have significantly different temperature than the rest of the Adriatic sea surface, investigation if SST from ECMWF LBC files have resolved Western Adriatic current.

· High resolution – implementation of ALARO1 physics package and testing in high resolution, investigation of convection triggering close to mountains.

· verification – implementation of SAL method for precipitation

6.2.2    Planned Research Activities in Nowcasting

Planned activities include installation of the new version of the NWC SAF software and evaluation of the products in the local environment. Additionally, MPEF GII (Global Instability Index) products will be evaluated and development of the combined forecast instability index, based on the evaluation using lightning data, is planned.

6.2.3    Planned Research Activities in Long-range Forecasting
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