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1. Introduction 

During the recent years, Limited Area Model Ensemble Prediction System (LAMEPS) has become more important as a scientific tool for improving meso-scale short-range probabilistic prediction, especially the prediction of the high impact weather, for identifying model error sources and developing methods for reducing the forecast errors. Some works on predictability  have been carried on in some LACE countries, for instance, studies on target SV, Breeding, ETKF/ET, dynamical downscaling of ARPEGE PEARP etc. However, due to very limited experience on meso-scale predictability, LAMEPS with high quality, in particular such a system which has more added values to its counterpart, the global EPS system,  remains as one of the most challenging subject in NWP.

The primary aim of LACE research on predictability in the next years is to develop ALADIN Limited Area Ensemble Forecasting (LAEF) system, which will be an interactive limited area ensemble prediction system within LACE countries. Each participant will provide its LAMEPS forecasts based on its own design of perturbations of initial conditions and model physics etc. A common domain for LAEF has been suggested by Austria and Slovakia in Feb. 2006 (Fig. 1). 
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Figure 1. LAEF domain and topography suggested by Austria and Slovakia.

In the following,  the research and development plan on predictability for 2006 toward to the establishment of LAEF will be summarized.

2. Research and development plan for 2006

The efforts for research and development on predictability will be focused on dealing with the uncertainties in analysis, in lateral boundary conditions, and in the model. Other issues related LAMEPS, like dynamical downscaling, post-processing and common verification will be also addressed.

2.1 Dealing with uncertainties in initial condition

· Breeding

Description and objectives: The Breeding method for generation of analysis perturbations has been implemented, and some configurations of Breeding have been tested. More investigations are still needed, e.g. one side perturbation, multi-physics Breeding etc.

Priority: high

Realization: Vienna, Budapest

Estimated efforts: 6 person x month

Proposed contributors: Wang, Kann, Hágel

Schedule: continuous work

· Ensemble Transform Kalman Filter (ETKF)

Description and objectives: ETKF  has been implemented in LAEF for constructing the initial perturbation. The ETKF analysis perturbations are achieved by post-multiplying the short-term ensemble forecast perturbations by a transformation matrix. One-side forecast perturbation generation is applied. Since the ETKF analysis perturbation is not centred around the analysis, we applied a spherical simplex transformation for preserving the analysis error covariance and the perturbation is around the analysis. When the number of ensemble perturbations is much smaller than the number of directions to which the forecast error variance projects, the total analysis error variance will be significantly underestimated because of the lack of contribution from important parts of the error space. To ameliorate this problem, two methods for inflating the perturbation will be tested. The one is the innovation inflation technique; the other is a similar one as used in the Breeding. 

Priority: high
Realization: Vienna
Estimated efforts: 3 person x month
Proposed contributors: Wang, visiting scientist, student
Schedule: May --- July 2006

· Ensemble Transform (ET)

Description and objectives: Like ETKF, the ET is also implemented in LAEF. This method is very similar to Breeding, but it uses the ensemble transform technique to make orthogonalization of the bred vector. Experiments will be done for verifying the performance of ET.

Priority: high

Realization: Vienna

Estimated efforts: 3 person x month

Proposed contributors: Wang, visiting scientist, student 

Schedule: May --- July 2006

· ALADIN Singular Vector (SV)

Description and objectives: The aim is to generate ALADIN native singular vector perturbations and to build LAMEPS runs on them. The work has already been started with  validation of the configuration 601 in the current cycle of ALADIN in HU. Later on, tests and validation of perturbations generated by ALADIN singular vectors will be carried out. Finally, an ALADIN EPS based on singular vectors will be built.

Priority: high

Realization: Budapest

Estimated efforts: 5 person x month

Proposed contributors: Hágel 

Schedule: continuous work

· Blending ARPEGE PEARP and ALADIN LAEF

Description and objectives: The idea is using ALADIN blending technique to combine the large-scale uncertainty from the ARPEGE PEARP with the small-scale uncertainty generated by Breeding/ET in ALADIN LAEF. It is expected that, 1). this can be reducing the inconsistency between the different perturbation method used in global ensemble system which determine the perturbation at the boundaries and the initial analysis perturbation method used in limited area ensemble prediction system, 2). small-scale uncertainty in analysis will be more detailed described, furthermore, 3). The future uncertainty generated by SV and the uncertainty in the history generated by Breeding are all presented in the analysis.

Priority: high

Realization: Vienna

Estimated efforts: 3 person x month (1 month LACE Funding)

Proposed contributors: Wang, Bellus, Kann

Schedule: continuous work

2.2 Dealing with uncertainties in lateral boundary conditions

· Impact of the inconsistent LBC perturbation with IC perturbation

Description and objectives: For investigating the impact of the inconsistency in the generation of ensemble lateral boundary conditions from global EPS system with the generation of the ensemble initial conditions from the limited area ensemble system itself, it is planned to do experiments of ALADIN LAEF with perturbations of lateral boundary conditions from different global ensemble systems NCEP (with Breeding) and ARPEGE (with singular vector) superimposed on control lateral boundary conditions, e.g. from ARPEGE,  the method of the initial conditions perturbation will be Breeding or ET.
Priority: high

Realization: Vienna

Estimated efforts: 3 person x month

Proposed contributors: Kann, Wang

Schedule: continuous work

2.3 Dealing with uncertainties in model physics 

· Multi-physics option

Description and objectives: ALADIN dynamical downscaling of ARPEGE PEARP members with and without multi-physics options. 11 combinations of different physics parameterizations and tunings in ALADIN have been chosen for dealing with the uncertainty in the model physics,  they are: Bougeault-type scheme of deep convection, the modified Kain-Fritsch deep convection scheme, moisture convergence and CAPE closure in the convection scheme, Kessler-type scheme for large scale precipitation, Lopez microphysics scheme, tuning of the mixing length, entrainment rate, and the computation of the cloud base. Experiments will be done for a one-month period and case study.

Priority: high

Realization: Vienna

Estimated efforts: 2 person x month

Proposed contributors: Wang, Kann, Wittmann

Schedule: Apr. --- May 2006

·  Stochastic physics / Stochastic Kinetic Energy Backscatter Algorithm

Description and objectives: To account for the uncertainty in the model more consistently, in particular, in the model physics, it is considered that the stochastic physics scheme (ECMWF) or the stochastic kinetic energy backscatter algorithm SKEB (UKMO, ECMWF) will be implemented. Contacts with ECMWF and UKMO have been established. 

Priority: high

Realization: Vienna

Estimated efforts: 3 person x month (1.5 month LACE Funding)

Proposed contributors: Wang, Tascu, Wittmann

Schedule: Sept. --- Nov. 2006

2.4 Dynamical downscaling of ECMWF EPS

Description and objectives: The computational framework for dynamical downscaling the ECMWF EPS members with ALADIN will be implemented. Similar as COSMO-LEPS, the representative members of the ECMWF EPS are chosen by clustering, which are used as initial and lateral boundary conditions for ALADIN LAEF runs. Some interesting case studies will be investigated. Coordination with the ALADIN ECMWF special project (Fischer, Sandor) for technical works at ECMWF is needed.

Priority: high

Realization: Zagreb, Vienna

Estimated efforts: 3 person x month (0.5 month LACE Funding)

Proposed contributors: Ivatek-Sahdan, Brankovic, Matjacic, Wang, Sandor 

Schedule: continuous work

2.5 EPS post-processing

Description and objectives: The task is to develop a statistical post-processing scheme to reduce biases in ensemble forecasts (temperature, height, etc.). Both 1st and 2nd moments of the ensemble should be corrected. The bias-corrected forecasts will then have reduced or even no bias with respect to the verifying analysis fields.

Priority: high

Realization: Vienna

Estimated efforts: 2 person x month

Proposed contributors: Kann, Wang

Schedule: continuous work

2.6 Common EPS verification

Description and objectives: A common verification package is very necessary and useful for LAEF research and development. Works will be coordinated, proposal for the common verification package, like definitions of the common domain, data format, verification scores, verifying parameters, the truth (observation or analysis), and so on, will be made. Coordination/contribution from Data Manager (Sandor) is expected.

Priority: high

Realization: Vienna, Budapest, Prague

Estimated efforts: 3 person x month (1 month LACE Funding)

Proposed contributors: Kann, Hágel, Mladek, Wang, Sandor

Schedule: continuous work

2.7 Comparison between SRNWP-PEPS and ALADIN LAEF experiments

Description and objectives: To verifying the results of ALADIN LAEF, comparison will be made with the existing LAMEPS system SRNWP-PEPS. The purpose of this comparison is to better understand the multi-model EPS system.

Priority: high

Realization: Prague, Vienna

Estimated efforts: 6 person x month (0.5 month LACE Funding)

Proposed contributors: Mladek, Kann

Schedule: continuous work

3. International collaboration / participation on projects related with LAMEPS 

3.1 Participation and development of a Grand Limited-Area Model Ensemble Prediction System (GLAMEPS)

Description and objectives: At a mini-HIRLAM workshop on predictability in March 2006, a proposal has been made for development of a Grand Limited-Area Model Ensemble Prediction System (GLAMEPS) within ALADIN and HIRLAM partners, this idea is quite similar as ALADIN LAEF in LACE. ALADIN LAEF will take part in GLAMEPS as the LACE contribution and LACE will act as a single partner in this collaboration. Coordination and planning work on GLAMEPS with HIRLAM will be conducted.

Priority: medium

Realization: Vienna

Estimated efforts: 0.5 person x month 

Proposed contributors: Wang

Schedule: continuous work

3.2 Beijing 2008 Olympics Mesoscale Ensemble Prediction Research and Demonstration Project (B08RDP)

Description and objectives: Endorsed by WMO/WWRP, a five years research demonstration project (2005-2009) B08RDP has been originated for research and development of regional EPS  system. ZAMG/Meteo-France acting as a single partner, together with other participants, NCEP, NCAR, UKMO, MSC, JMA and CMA will run their LAMEPS in near real time for the period of Olympics 2008 over Beijing. Subjects, as scientific/technical coordination, computational environment, data exchange, telecommunication, regular exchange of research results (workshops), LAMEPS demonstration, common verification, inter-comparison, have been established and planned. For this project, ZAMG and Meteo-France have begun to develop the ALADIN LAEF since 2005. 

Funding for implementation of ALADIN LAEF on B08RDP will be applied in May 2006.

Priority: high

Realization: Vienna, Toulouse

Estimated efforts: 6 person x month 

Proposed contributors: Austrian & French Team: Wang, Bouttier, ......

Schedule: continuous work

3.3 Mesoscale Alpine Programme Demonstration Phase (MAP D-Phase)

Description and objectives: MAP D-Phase is a forecast demonstration project supported by WMO/WWRP. One of the subjects of the project is to demonstrate the benefits in high impact weather forecasting over mountainous area from very high resolution NWP and the probabilistic forecast. Coordinated with another international project COPS (Convective and Orographically-induced Precipitation Study), June to August 2007 is chosen as the demonstration period. LACE  plans to provide the ALADIN LAEF forecast for MAP D-Phase,  if a suitable LAEF version is available before the demonstration period, otherwise ALADIN-AUSTRIA forecasts will be provided. 

Priority: high

Realization: Vienna

Estimated efforts: 0.5 person x month

Proposed contributors: Wang, Kann

Schedule: continuous work
4. Other activities

An ALADIN-HIRLAM kick-off workshop on LAMEPS will be organized by LACE in Vienna at end of 2006 or beginning of 2007 (probably 9-10. Nov. 2006 ???). The exact date will be coordinated in ALADIN and HIRLAM. It is planned to invite the COSMO colleagues for the workshop too. Invitation for other experts on predictability from the projects B08RDP and MAP-D-Phase is also under consideration.

Annex 1:   WG Predictability Research and Development 

Plan  for  2006 / overview

	Subject 1. Uncertainty in initial conditions



	Priority
	Action
	Place


	Calendar

Person x months


	  LACE

  Funds

	high
	Breeding
	Vienna and

Budapest
	 Wang, Kann, Hágel 

 6 months
	no

	high
	ETKF


	Vienna


	Wang, visiting scientist

3 months


	no



	high
	ET


	Vienna
	Wang, visiting scientist

3 months


	no



	high
	SV

	Budapest
	 Hágel
5 months

	no

	high
	Blending

	Vienna 
	 Wang, Bellus, Kann
3 months

	1 month


	Subject 2: Uncertainty in lateral boundary conditions



	Priority
	Action
	Place


	Calendar

Person x months


	  LACE

  Funds

	high
	NCEP perturbation
	Vienna
	Wang, Kann
        3 months
	no


	Subject 3: Uncertainty in model physics



	Priority
	Action
	Place


	Calendar

Person x months


	  LACE

  funds

	high
	ALADIN multi-physics
	Vienna
	 Wang, Kann, Wittmann 

 2 months
	no

	high
	Stochastic physics

SKEB


	Vienna


	Wang, Tascu, Wittmann

3 months


	1.5

months




	Subject 4: Downscaling, verification, post-processing, etc.



	Priority
	Action
	Place


	Calendar

Person x months


	  LACE

  Funds

	high
	ECMWF downscaling
	Zagreb and

Vienna
	 Ivatek-Sahdan, Brankovic, Matjacic, Wang, Sandor (?)
3 months
	0.5

month

	high
	Post-processing


	Vienna


	Kann, Wang

2 months


	no



	high
	Common verification


	Vienna, Budapest and Prague
	Wang, Kann, Hágel, Mladek, Sador (?)

3 months


	1

month



	high
	Comparison 

PEPS --  LAEF

	Vienna, Prague
	 Mladek, Kann, Wang
6 months

	0.5

month


	Subject 5: Participation on international research projects



	Priority
	Action
	Place


	Calendar

Person x months


	  LACE

  Funds

	medium
	GLAMEPS
	Vienna
	 Wang, 

0.5 month
	no

	high
	B08RDP


	Vienna and Toulouse


	Wang, Bouttier, etc

6 months


	no



	high
	MAP D-Phase


	Vienna
	Wang, Kann

0.5 month


	no






