JOINT WMO TECHNICAL PROGRESS REPORT ON THE GLOBAL DATA PROCESSING AND FORECASTING SYSTEM AND NUMERICAL WEATHER PREDICTION RESEARCH ACTIVITIES FOR 2008
Central Institute for Meteorology and Geodynamics, Austria
1.
Summary of highlights

Work on the limited area model ALADIN-AUSTRIA focused on the investigation of microphysics and the prognostic convection scheme 3MT. Various experiments on resolution of ALADIN-AUSTRIA were performed. The limited area model EPS at ZAMG, ALADIN-LAEF, was upgraded with new developments on the generation of initial and model perturbations.  In 2008, the ALADIN-LAEF system participated in the WWRP/WMO project B08RDP (Beijing 2008 Olympics), together with partners from CMA, NCEP, NCAR, JMA and MSC. ALADIN-AUSTRIA data assimilation with optimum interpolation CANARI for the surface and 3D-VAR for the atmosphere was implemented.
Research and development on the nowcasting system at ZAMG (INCA), focused on the parameterization of elevation effects in precipitation analysis in mountainous terrain.  Downscaling of MSG cloud types using the VIS image in the cloud analysis was implemented in the operational INCA cloud analysis and nowcast.  
2.
Equipment in use
Computers used for the forecasting system are NEC and Linux clusters:

	Computer
	Memory
	Storage

	NEC SX-8R 16 CPU
	128GB
	6.0TB

	2 Opteron Linux clusters , 8 cpu each
	16GB
	3.5TB

	Opteron Linux cluster, 8 cpu
	32GB
	1TB


3.
Data and Products from GTS in use
· SYNOP
· TEMP 
4.
Forecasting system
4.1
System run schedule and forecast ranges
ZAMG is running 4 LAM suites for the short range forecast as summarized below.

	Suite
	Analysis time + forecast range
	Product availability

	1
	00UTC + 72 h
	3:30 UTC

	2
	06UTC + 60 h
	10:20 UTC

	3
	12UTC + 72 h
	15:30 UTC

	4
	18UTC + 60h
	22:20 UTC


4.2
Medium range forecasting system (4-10 days)
Medium range forecast data is received from ECMWF. 

4.3
Short-range forecasting system (0-72 hrs)
4.3.1
Data assimilation, objective analysis and initialization
In the current system the analysis used for the LAM model at ZAMG is still obtained by dynamical downscaling of fields from the French global model ARPEGE and IFS/ECMWF. Recently, the implementation of a local data assimilation system at ZAMG has been started. It is made up of two parts: (a) surface data assimilation using ALADIN optimum interpolation CANARI, and (b) upper air data assimilation using ALADIN-3DVAR. The surface data assimilation has been tested at ZAMG, and the implementation of ALADIN-3DVAR is on-going work. The results of the ZAMG data assimilation system will be used as the new analysis to initialize the short range forecast. For both data assimilation and dynamical downscaling, the boundary conditions are coming from the Meteo-France global model ARPEGE and IFS/ECMWF (the latter as a back-up). Once the data assimilation system is operational, research will be performed in the field of impact studies of new observation datasets from GPS, satellite, and radar observations.
4.3.2
Model
4.3.2.1
In operation
The model system for the short range weather forecast used at ZAMG is ALADIN-AUSTRIA (Wang et al. 2006). The domain of ALADIN-AUSTRIA is shown in Figure 1. The main features of the model are:

Horizontal resolution: 

9.6 km

Number of levels: 

60, pressure-based, hybrid coordinate 
Number of grid points: 

300 x 270

Time-step: 


415 sec, 2-time-level SLSI time integration
Coupling model: 

ARPEGE, DFI initialization
Coupling frequency: 

3 hours, Davies-Kallberg relaxation scheme
Forecast range:


72h / 60h 

Output every: 


1 hour

Physics:
ALARO-0 microphysics, Geleyn’s scheme of shallow convection and simple radiation; Bougeault-type scheme of deep convection; Boer-type scheme of gravity wave drag; force-restore method for soil temperature and water; vertical exchange calculation taking into account a planetary boundary layer and a surface layer based on the Louis scheme
Orography:


envelope
Grid:
 quadratic
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Figure 1: Domain and model topography of ALADIN-Austria.
4.3.2.2
Research performed in this field

a) The 3MT scheme (Modular Multiscale Microphysics and Transport) was evaluated for a 4 month test period and for a number of case studies. Results show that 3MT gives improvements regarding structure and intensity of convective precipitation events compared to the operational diagnostic convection scheme used in ALADIN-AUSTRIA. The operational start for using 3MT within ALADIN-AUSTRIA is planned for spring 2009.

b) A new AROME-AUSTRIA domain was defined, covering the entire Alpine region. AROME-AUSTRIA was run for a 2 month test period in autumn and winter 2008, with a horizontal resolution of 2.5 km and 60 levels. Evaluation of the performance of AROME-AUSTRIA is still ongoing. Case studies of stratus situations showed the potential of the high resolution model to create low stratus in Alpine basins which are not resolved by the operational model. 

c) A new ALADIN-AUSTRIA domain was created, covering the same domain as the operational ALADIN/ALARO-AUSTRIA setup but with a higher resolution of 4.9 km and 59 levels, using the ALARO prognostic microphysics and convection scheme. Evaluation is ongoing. 

d) In order to compare precipitation forecast skill of models with different horizontal resolution the new verification method SAL (Structure, Amplitude, and Location, Wernli et al., 2008) was implemented and tested for the models mentioned above. First results show that subjective impression of better structure in high resolution models can be confirmed by the SAL scores.
4.3.3
Operationally available NWP products
The operationally available ALADIN-AUSTRIA products are:

· 3D: wind, temperature, geopotential, relative humidity, vertical velocity, potential temperature.

· 2D: mean sea level pressure, 2m temperature and relative humidity, 10m wind, dew point, CAPE, surface temperature, precipitation (rain and snow) cloudiness (high, middle, low and convective), maximum and minimum temperature, etc.
4.3.4    Operational techniques for application of NWP products
4.3.4.1
In operation
A so-called ‘META’-forecast system has been in operation since winter 2008 for short-range forecasts. It utilizes the output of global and limited-area models (ECMWF, ALADIN, GME, COSMO, UKMO) available at ZAMG to generate bias-corrected, optimized, weighted point forecasts of standard meteorological quantities at surface station locations. As an example, Figure 2 shows verification results (MAE and bias) for 2m temperature point forecasts as a function of lead time for DJF 2008/09.
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Figure 2: Mean absolute error and bias of the META 2m temperature forecast (black lines) for 100 Austrian stations as a function of lead time for the period DJF08/09. Also shown, for comparison, are the corresponding values for the individual models used in the META system.
4.3.4.2
Research performed in this field
An improved version of the META-forecast system, using a weather-type dependent weighting and correction algorithm is under development.  
4.3.5
Ensemble Prediction System 
4.3.5.1
In operation
The operational LAMEPS system at ZAMG, ALADIN-LAEF, has been recently upgraded (Wang et al. 2009). Several new methods designed to better capture model uncertainty were developed and implemented in the new ALADIN-LAEF system: 1) Perturbations to initial conditions are calculated by blending the large scale perturbation generated by the ECMWF using the Singular Vector method with the small scale perturbation generated by ALADIN-Breeding; 2) a multi-physics scheme is applied for model perturbation; 3) NCSB (non-Cycling Surface Breeding) technique is used for perturbations to initial surface conditions. 
Currently ALADIN-LAEF is running under the SMS (Supervisor Monitoring Scheduler) environment on HPCE 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. The domain of the perturbed members and the control run covers Europe and a large part of the North Atlantic (Fig. 3). The output frequency of the forecast runs has been increased to 1-hourly. 
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Figure 3:    ALADIN-LAEF domain and model topography. The inner limited-area domain in red is the ALADIN-LAEF post-processing and verification domain, which covers Central Europe and has a resolution of 0.15° x 0.15°. 
4.3.5.2
Research performed in this field

LAMEPS is a major field of research in the NWP group at ZAMG. Studies have been done on how to optimize the way of dealing with uncertainties in the analysis.  The Blending technique, where the large scale perturbations from the ECMWF EPS members generated by Singular Vector are combined with the small-scale uncertainty generated by ALADIN-Breeding, has been further developed. For surface initial perturbations the NCSB technique has been developed, which generates the surface perturbation by blending the ALADIN control surface analysis and the very short range surface forecast driven by perturbed atmospheric forcing, e.g. by the ECMWF EPS members. Every forecast is run by a slightly different model setup, e.g. different parameterization schemes, to account for model uncertainties in the forecast. These procedure leads to a significant improvement in the performance of the ALADIN-LAEF with respect to the previous system where the initial conditions were generated by downscaling of ECMWF EPS member (Fig. 4).
Other studies on statistical calibration of LAEF forecast have also been carried out. The non-homogenous Gaussian regression method is used for performing a statistical correction of the first and second moment (bias and dispersion) for 2m temperature (Kann et al. 2009). 

[image: image4]
Figure 4: Continuous Ranked Probability Score for the previous LAEF system based on downscaling (green) and for BREEDING-BLENDING cycling with NCSB and multiphysics (blue).

In 2008, ALADIN-LAEF participated in the demonstration period of the WMO/WWRP Project ‘Beijing 2008 Olympics Meso-scale Ensemble Prediction Research and Development Project’ (B08RDP). Strengths and weaknesses of the LAEF system were analysed through comparison with the other participating systems from NCEP, JMA, MSC and CMA.
4.3.5.3
Operationally available EPS Products
The following ALADIN-LAEF products are available at 1h time resolution
· Mean/spread/spaghetti/probability/post stamp chart: 

        2m Temp, 10m Wind, 2m RH, Total Precipitation, Mslp, and 500hPa Geopotential

· EPS-meteogram

· Mean/spread/probability/post stamp chart:

        250, 500, 700, 850, 925hPa, T, Wind, Geopotential, RH (lower Level)

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 ZAMG provides three-dimensional fields of temperature, humidity, and wind on an hourly basis, and two-dimensional fields of precipitation rate, precipitation type, and cloudiness at 15 minute s 
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Figure 5: Austrian domain and topography of the nowcasting system INCA.
intervals. The system operates on a horizontal resolution of 1 km and has a vertical resolution of 100-200 m (Fig. 5). It combines surface station data, remote sensing data (radar, satellite), forecast fields of the numerical weather prediction model ALADIN, and high-resolution topographic data (Haiden et al., 2009).

Table 3: Meteorological fields analyzed and nowcasted in INCA (SFC = surface station data, SAT = satellite data, RAD = radar data) 

	Nowcasting field
	Required observations
	Update

	Temperature
	SFC: 2m temperature

SAT: MSG cloud types (optional)
	1 hour

	Humidity
	SFC: 2m humidity
	1 hour

	Wind
	SFC: 10m wind
	1 hour

	Precipitation
	SFC: precipitation

RAD: radar precipitation
	15 min

	Precipitation type
	Derived from precipitation

and temperature nowcast
	15 min

	Cloudiness
	SAT: MSG cloud types

SFC: sunshine% (optional)
	15 min

	Global radiation
	SAT: MSG cloud types

SFC: global radiation 
	1 hour

	Convective diagnostics
	Derived from temperature, humidity and wind nowcast
	1 hour


The most important applications of INCA products are flood prediction and warning (Komma et al., 2007), road weather prediction, and predictions for the energy sector. Verification shows that the average performance of INCA as measured by MAE significantly exceeds that of NWP models (ALADIN, ECMWF) during the first 4 hours of the forecast in the case of precipitation (not shown), and 6-8 hours in the case of temperature (Fig. 6).
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Figure 6: Mean absolute error and bias of the INCA temperature forecast for all Austrian non-mountain stations as a function of lead time for the period 01-01-2008 to 04-04-2009. Also shown, for comparison, corresponding values for the ALADIN model (ref) and persistency (per)
4.4.1.2   Research performed in this field

Research in nowcasting concentrated on the parameterization of elevation effects on the precipitation distribution in mountainous terrain. It was found that for the short durations typical in nowcasting (15 min), the intensity-dependence of the elevation effect has to be taken into account (Haiden and Pistotnik, 2009). In the INCA cloud analysis, a downscaling of MSG cloud types using the VIS image was implemented. There were minor developments in global radiation nowcasting, snowfall-line analysis, wind analysis, and data quality control.
4.4.2
   Models for Very Short-range Forecasting Systems

4.4.2.1

   In operation

The INCA system smoothly combines the nowcast with classical NWP forecasts using a pre-defined weighting function. For most quantities, this weighting function gives full weight to the nowcast for the first 2 hours, and decreases linearly between +2 and +6 hours. 
4.4.2.2    Research performed in this field

Different methods of weighting between nowcast and NWP model were tested. The pre-defined weighting was experimentally replaced by situation-dependent ones. No significantly higher skill was found in the experiments, therefore use of the fixed weighting has been continued operationally.   
4.5
Specialized numerical predictions 
4.6
Extended range forecasts (ERF) (10 days to 30 days) 
4.6.1
Models 

4.6.1.1
In operation

Concerning extended range forecasts, the Monthly Forecasting System from ECMWF, which covers the forecast range up to +30 days, is in use. 
4.6.2
Operationally available NWP model and EPS ERF products
Extended range forecast products are generated with special respect to Austria. 2m temperature, 10m wind speed, precipitation and cloudiness are visualized for major Austrian cities as a function of forecast projection (Fig. 7).
[image: image7.png]20090402 00 UTC

2m Temperature for 12 UTC

Wien, AGL:

Monthly Forecast:

30

[D] aajeradwa], wg

D11 Z1°50 Ae
2117120 A
D10 ZLT0 e
o1nziogady
10z 6z ady
oLnzi‘sedy
orazrzdy
orazL ez iy
orazrszady
oLnzl ‘pedy
o1nzszady
o1nziwady
o1nzRady
o1nzrozady
o1nzisrady
o1nzisrady
orazrziady
orazrorady
orazrsrady
orazr Ly
orazrerady
orazrzrdy
o1nzmady
o1nzrorady
o1nz601dy
o1nz1'803dy
o1nzLL03dy
o1nz1'90dy
o1nzL's03dy
oLn L P xdy
oLnzrgo sdy

Forecast Date




Figure 7: 5%, 25%, 50%, 75% and 95% percentiles of ECMWF 2m temperature as a function of forecast range. Initialization date: 02.04.2009, 00UTC. Forecast for Vienna.

4.7 
Long range forecasts (LRF) (30 days up to two years) 
4.7.1
In operation

ECMWF’s seasonal forecast system 3 is obtained and post-processed to satisfy local requirements. Anomaly maps (Fig. 8), probability charts, and ‘climagrams’ are generated operationally.
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Figure 8: Ensemble Mean Forecast of 2m temperature (left) and precipitation anomaly (right). Initialization: March 2009, 00UTC. Forecast for July 2009.

Figure 9 shows an example of an operational climagram for precipitation anomaly over Austria. The abscissa gives the target time, the ordinate precipitation (or temperature) anomaly, averaged over a defined area covering Austria and surroundings. Climagrams do not show absolute values but deviations from the mean model climate. Required as a reference, the model climate is computed based on the hindcast period from 1981 to 2006. Box symbols indicate median, 25%/75%, and 5%/95% percentiles of the forecast. For climatology, the same percentiles are indicated by yellow/orange shading. In order to identify regional signals, additional climagrams are generated which separately cover the northern and the southern parts of the Alps.
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Figure 9: Climagram of precipitation for the region Austria. Initialization: March 2009.
4.7.2
Research performed in this field

4.7.3
Operationally available EPS LRF products
Event probabilities, monthly mean anomalies of 2m temperature and monthly anomalies of precipitation sums are processed for operational purposes.

5.
Verification of prognostic products
5.1
  Annual verification summary
The operational ALADIN-AUSTRIA model results are verified against its own analyses on a regular basis since 01/01/2005. Since November 2007, the intermediate model runs from 06 UTC and 18 UTC are verified and compared, too. The parameters are temperature, geopotential, wind speed and relative humidity at 500hPa and 850hPa. Verification scores are mean error, mean absolute error and root mean square error.

Regarding temperature in 850hPa shown in Figure 10, the forecast has a small positive bias (mean bias close to zero for both +24h and +48h, respectively) with some seasonal variations. The mean absolute error is about 0.67K and 0.89K, the root mean square error about 0.86K and 1.14K.
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Figure 10: Bias, MAE and RMSE as a function of initialization date for temperature in 850hPa, forecast range +24h (left) and +48h (right)
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Figure 11: Bias, MAE and RMSE as a function of initialization date for geopotential in 500hPa, forecast range +24h (left) and +48h (right)
Concerning Geopotential in 500hPa (Fig. 11), the model shows no significant mean bias (0.64gpdm and -0,26gpdm). The mean absolute error is about 5.87gpdm and 11.32gpdm, the root mean square error about 7.51gpdm and 14.31gpdm.
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Figure 12: Verification of seasonal forecast 2m temperature anomaly. Blue bars denote forecasts from different initialisation dates, all for same the target date of March/April/May 2008; the observed anomaly is given by the green line.
For seasonal forecasting, verification is performed on a monthly and 3-monthly-mean basis comparing the predicted 2m temperature anomalies as a function of initialization date with the actual measured anomaly.

Figure 12 shows 2m temperature anomaly forecasts of different initial dates for March/April/May 2008 for Vienna. The green line denotes the observed anomaly. The sign of the anomaly has been correctly forecast from early on, its magnitude is correctly captured only shortly before.

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

A further change in the setup of ALADIN-AUSTRIA is planned. Besides using the full ALARO-0 microphysics and convection scheme, the benefit of using mean orography instead of envelope will be evaluated. New model versions (4.9 km version of ALADIN-AUSTRIA and 2.5 km version of AROME-AUSTRIA) will be evaluated and put into pre-operational state. The 4.9 km ALADIN/ALARO configuration will be tested in hydrostatic and non-hydrostatic mode. Comprehensive tests are planned to evaluate the benefit of using high resolution models with special emphasis on convective precipitation. The verification method SAL will be used to obtain a fair comparison of multiscale precipitation forecasts (ALADIN/ALARO, AROME, ECMWF). Besides convective precipitation studies there will be investigations on the performance of new high resolution versions of ALADIN/ALARO and AROME for low stratus situations.

With regard to the ensemble forecasting system, the impact of using clustering to obtain a selection of representative members from the ECMWF-EPS as initial and boundary conditions will be evaluated. Comparison of the ALADIN-LAEF system with 16 members and 10 km resolution versus a system with 50 members on 18 km resolution will be performed as a guideline for optimized use of available computational resources.
Work on the implementation and validation on ALADIN 3D-VAR and surface assimilation will continue. Tests on the Extended Kalman Filter for surface assimilation will start in 2009. Research on the impact of new observation types such as GPS and ASCAT soil moisture data will be carried out.
6.2.2    Planned Research Activities in Nowcasting

As classical nowcasting based on translation methods is reaching the limit of attainable skill, it is planned to intensify research on the prediction of cell development (initiation, intensification, weakening, dissipation) using convective analysis fields (Steinheimer and Haiden, 2007) and satellite data. Work will also be done on compensating for limited station data representativeness. This is especially important in the case of wind analysis and nowcasting, where an appropriate up-scaling of the observed 10m wind is necessary even on the 1 km resolution of INCA, before use in the analysis.  A large nowcasting project ‘INCA-CE’ is planned, in which several European national weather services will contribute to the refinement of the INCA system and its application in hydrology, civil protection, and road safety. 
6.2.3    Planned Research Activities in Long-range Forecasting

During 2009, it is planned to start exploring potential strategies and measures to improve current long-range predictions within a trilateral cooperation between Germany, Switzerland, and Austria.
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