JOINT WMO TECHNICAL PROGRESS REPORT ON THE GLOBAL DATA PROCESSING AND FORECASTING SYSTEM AND NUMERICAL WEATHER PREDICTION RESEARCH ACTIVITIES FOR 2010
DENMARK
1. Summary of highlights

The vertical resolution has been increased from 40 to 65 levels in the meso-scale limited area model (HIRLAM) which has been updated with recent developments. A 25 member high resolution limited area ensemble prediction system based on HIRLAM is run every 6 hours on a regular basis. Preliminary results of extreme precipitation forecasting from this system using an upscaling technique are promising. A tilted independent column approximation to improve incoming solar radiation in high resolution models has been made sufficiently efficient to be used operationally in the future.  – Preparations for the operational use of a non-hydrostatic meso-scale forecasting system (HARMONIE), have continued. – Very short range prediction, with emphasis on the first 6 hours, is under development. – A new generation of integrated atmospheric models including aerosols and chemistry is being developed. The current system (Enviro-HIRLAM) is used for predicting pollen concentrations, studies of air pollution and urban effects. 
2.
Equipment in use
The supercomputer is a Cray XT5  installation which has AMD Opteron Quad-Core microprocessors. It is divided into two identical systems. Each system contains 256 compute nodes (8 cores), in total 4096 cores. The theoretical peak performance is 38 Tflops, the memory amounts to 8.2 TBytes and the disk capacity equals 110 Tbytes.  

The observation decoding is a modified version of a corresponding system at ECMWF This system is run on a double system of Linux servers ( “decode1”  and   “decode2”)
DMI makes use of the product  TSM HSM for data archiving. The HSM system is installed on an IBM power 52A machine with 11 TB disk cache and an IBM tape library. 
3.
Data and Products from GTS in use

TEMP, SYNOP, SYNOP SHIP, BUOY, AIREP, AMDAR, ACARS from GTS.
ATOVS  AMSU-A /AMSU-B/MHS, Meteosat-8/9 AMV  from EUMETCast.
4.
Forecasting system
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4.1
System run schedule and forecast ranges
Different versions of the HIRLAM forecasting system are used operationally at DMI. The main model areas are shown in the figure. The big limited area T15  (green frame) is run at 0.15 ° horizontal resolution. The forecast range is 60 hours. The M09 model (red frame) is run at a horizontal resolution of 0.09°. The operational model K05 for Greenland (dark blue frame) is run in 0.05° resolution. The forecast length is 48 hours. Model S03  (light blue frame) is run at a horizontal resolution of 0.03°. Forecast length: 54 hours. The M09 model has been used as boundary generating model for both K05 and S03 during most of the year. However, in November 2010 the boundary generating model for S03 has been changed to be the ECMWF global model. In 2011 also the K05 model will be forced with boundary values from ECMWF. As a consequence, the M09 model will be discontinued during 2011.  The number of horizontal grid points are shown above the figure for each  model executed 4 times a day (00 UTC , 06 UTC, 12 UTC, 18 UTC).
4.3.1
Data assimilation, objective analysis and initialization
4.3.1.1
In operation
HIRLAM-3D-VAR is operational. Cut-off time = 1h 40 min. - T15 and M09 are run with the HIRLAM 3D-VAR and  FGAT . Data-assimilation and forecasts are run with lateral boundaries from the ECMWF global model. The data-assimilation is improved by delayed-mode reanalyses using ECMWF data and HIRLAM analyses. The model K05 is starting from interpolated fields based on M09. The model S03 performs its own data-assimilation cycle. The models are initialized by an incremental Digital Filter method. 

4.3.1.2
Research performed in this field

Participation in the development of 3D-VAR and 4D-VAR data-assimilation for HARMONIE non-hydrostatic meso-scale model system, e.g. using new data from satellites and radar. These developments are managed by the international HIRLAM-B collaboration (  http://www.hirlam.org  )
4.3.2
Model

4.3.2.1
In operation

Operational HIRLAM model versions are updated in accordance with developments in the

international HIRLAM collaboration. Current version is HIRLAM 7.3. Additional non-standard output
is implemented  to satisfy specific needs at DMI , e.g. for  aviation and the energy sector. 

4.3.2.2
Research performed in this field

A tilted independent column approximation to treat 3D-effects of solar radiation in a simplified way

has been developed to become computationally efficient  to allow operational use in the future.

Impact of the scheme on forecast fields has been demonstrated, e.g. on surface radiation, 2m temperature and precipitation.  – For non-hydrostatic HARMONIE model new versions are tested for Southwest Greenland and for an area around Denmark. In 2010 cycle 35 is used. In 2011 cycles 36 and 37 will be implemented and tested.

4.3.3
Operationally available NWP products
Standard output fields from the models are provided in GRIB-format. 
4.3.5
Ensemble Prediction System 
4.3.5.1
In operation
Every 6 hours a limited area ensemble prediction system at 5 km resolution and using 40 vertical levels  is run out to 54 hours. 25 ensemble members are operated. HIRLAM 7.3 physics is used. The ensemble members reflect different initial states, stochastic physics, two different convection schemes and two different surface schemes. The ensemble prediction system has been operated on a daily regular basis in 2010 and will achieve full operational status in 2011.

4.3.5.2
Research performed in this field

DMI contributes to ensemble prediction system  developments through the HIRLAM-B project. In

2010  DMI has investigated the potential of upscaling ensemble prediction system members for

predicting extreme precipitation. The preliminary results are promising.
4.3.5.3
Operationally available EPS Products

Currently, standard GRIB – fields from individual members are produced. In 2011 new products will
become available. 
4.4    Nowcasting and Very Short-range Forecasting Systems (0-6 hrs)

4.4.1.1

   In operation

Shortrange (0-2 hours) projection of radar reflectivities for Danish area. – 
4.4.1.2   Research performed in this field

The goal is to assimilate radar data and other relevant data into a very short range NWP-system

 which will then also take care of the nowcasting range. 

4.4.2
   Models for Very Short-range Forecasting Systems
4.4.2.1

   In operation

A special version of HIRLAM for road weather conditions is operational. It is run every hour and has emphasis on the forecast range from 0-6 hours. It contains a data-assimilation system, e.g. making use of MSG nowcasting SAF data. The current data-assimilation is partly based on a nudging technique, and partly based on HIRLAM-3D-VAR. The surface analysis scheme is based on HIRLAM, but makes use of national road-weather observations, e.g. measuring relevant temperatures and humidity. In addition, precipitation parameters are measured at some stations. 
4.4.2.2    Research performed in this field

A road-stretch forecasting as an integrated part of the DMI road-weather forecasting system has

been under development and will become operational in 2011. The system is based on forecasts

for about 23000 positions along major Danish roads. These forecasts are making use of a very

detailed national data base with topographic data. 
4.5
Specialized numerical predictions 

Relationships to marine forecasting ( sea waves,  storm surge, sea ice, oil drift model etc. ) are described at  www.dmi.dk/eng/index/research_and_development/the_divison_fo.htm  .

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

For Emergency Preparedness (nuclear- , veterinary- and chemistry applications) the main models in 2010 are DERMA (Danish Emergency Response Model of the Atmosphere) and DACFOS (Danish Atmospheric Chemistry FOrecasting System).  DERMA is a numerical regional and meso-scale atmospheric dispersion model developed at DMI. In 2010 it has been used to forecast the consequences for Europe of the major Icelandic volcano eruptions. In addition the RIMPUFF dispersion model developed at the Risø National Laboratory is also used for Emergency preparedness. The DACFOS system is used for surface ozone and smog. – A special version of HIRLAM ( Enviro-HIRLAM) is used to forecast birch pollen.
4.5.2.2
Research performed in this field

The main efforts are spent on developing Enviro-HIRLAM further. In 2011 forecast studies of several pollen components will be carried out. The Enviro-HIRLAM system will be developed with detailed schemes for aerosols and chemistry.  The developments are done to a large extent in the context of EU-projects such as MEGAPOLI  (http://www.megapoli.info) and TRANSPHORM (Transport related Air Pollution and Health impacts Integrated Methodologies for Assessing Particulate Matter ). 
4.5.5
Probabilistic predictions 
The Emergency Preparedness will in 2011 start to utilise information from the regional ensemble prediction system operated at DMI, in order to assess uncertainties related to the model computations used for Emergency Preparedness. 

5.
Verification of prognostic products
Current verification procedures from previous years have been continued. Extensive verification is produced and documented by internal DMI reports. Results are also communicated to the HIRLAM-B project in order to contribute to diagnostics and verification relevant to further developments. New verification methods which are more informative and valid for verifying high resolution models are under development and will become operational in the coming years.
6.
Plans for the future (next 4 years)
6.1
Development of the GDPFS
6.1.1   In 2011:  Transition to GRIB2-boundary fields from ECMWF
6.1.2   In 2011 -2014: Transition to new international BUFR-standard and GRIB-2 data format.
6.2
Planned research Activities in NWP, Nowcasting, Long-range Forecasting and Specialized Numerical Predictions
6.2.1 Planned Research Activities in NWP

Current research according to HIRLAM-B scientific work plans 

6.2.2 Planned Research Activities in Nowcasting

Special focus on assimilation of high resolution radar data and satellite data in NWP-systems to replace simple Nowcasting methods.
6.2.3 Planned Research Activities in Long-range Forecasting
6.2.4 Planned Research Activities in Specialized Numerical Predictions

Focus on the further development of pollen forecasting using Enviro-HIRLAM. Moreover, the development of a complex next generation model system with aerosols and chemistry is expected to continue. The European COST-action EuMetChem is likely to play an important role in this context.  
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