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JOINT WMO TECHNICAL PROGRESS REPORT ON THE GLOBAL DATA PROCESSING AND FORECASTING SYSTEM AND NUMERICAL WEATHER PREDICTION RESEARCH ACTIVITIES FOR 2008
AEMET

Agencia Estatal de Meteorología, SPAIN

(State Meteorological Agency)
1. Summary of highlights

No changes have been introduced to the NWP system during 2008.
2. Equipment in use

The operational prediction system of AEMET is run on a CRAY X1 high-performance computer. It has 16 nodes with a peak performance of 2.4 Teraflops. In the last year the only significant change in equipment has been the start in operation of a new archiving System, served by 4 Altix  350 (SGI) severs, a disk cabinet with 56TB and a ADIC (QUANTUM) robot with 80 TB and 6 reads/write devices.
3. Data and Products from GTS in use

The HIRLAM model is coded for acceptance of input observational data in BUFR. All conventional observation reports in ASCII received by the GTS are pre-processed in order to be assimilated by the NWP operational suite. VAD wind radar data, GPS Zenith Total Delay, and BUFR ATOVS AMSU-A data are coming into the system from other information sources.
4. Forecasting system

AEMET is a partner in the international HIRLAM Project which has, as its main goal, the development of a Limited Area Model for use in short range weather prediction.
Spain is a State Member of ECMWF and uses their output products. They are received in real time from the dissemination system of the European Centre. ECMWF products are: deterministic forecasts up to +240 hours twice per day, the ECMWF EPS (Ensemble Prediction) products once per day and the BC products supplying boundary conditions to the HIRLAM model four times per day.  
4.1. System run Schedule and forecast ranges
The short range numerical prediction system is run by AEMET in three different domains, ONR, HNR y CNN each one with different resolution. All of them run four times per day at 00, 06, 12 y 18 UTC with their own data assimilation cycle.
The ONR model has a horizontal resolution of around 16 km (0.16º in a latitude/longitude grid) and 40 vertical levels. It is run up to +72 hours with two-hour data cut-off time. Boundary conditions are supplied from the ECMWF model, with 3-hourly time resolution.
The HNR model has a horizontal resolution of around 5 km (0.05º in a latitude/longitude grid) and 40 vertical levels. It is run up to +36 hours with a two hour data cut-off time. Boundary conditions are supplied from the ONR model with hourly time resolution. The CNN model has the same features than HNR. HNR is run over the Iberian Peninsula and CNN over the Canary Islands.
4.2. Medium range forecasting system (4-10 days)

Medium range forecasts are not produced in AEMET. ECMWF products are used instead.
4.3. Short-range forecasting system (0-72 hrs)
The HIRLAM forecast and analysis systems are described in the scientific documentation of HIRLAM-5. (see references)
The three HIRLAM runs use the same version for each of the domains. The same dynamics and physics are used.
4.3.1. Data assimilation, objective analysis and initialization

4.3.1.1. In operation

3D-VAR analysis with HIRLAM HIRVDA version 6.2; initialization by DFI digital filters developed within the HIRLAM project. All the available surface and upper air conventional observations, and AMSU-A radiances are assimilated.
4.3.1.2. Research performed in this field

The main research lines have been: variational assimilation of wind data from the MODIS and MSG satellites, data quality control and structure functions in the HIRLAM 4D-VAR scheme and surface analysis of the temperature and water content variables using a simplified Kalman filter method. 
4.3.2. Model
4.3.2.1. In operation

The forecast model is the 6.2  version of HIRLAM with the following parameterization:
ISBA surface scheme
STRACO high-scale condensation and convection
CBR turbulence scheme
Savijärvi radiation scheme
4.3.2.2. Research performed in this field

Most of the activities in the field of dynamics are based on the joint plans agreed with the Aladin consortium. Work is being done for the introduction of a vertical discretization using finite elements and also for the treatment of the mapping factor in the titled and rotated Mercator projection in order to accommodate large areas in the new HARMONIE model, which has the dynamics of the ALADIN model.
In the field of physics, work has been done in the Kain-Fritsch convection scheme and in the Rasch-Kristjansson, also for use in the HIRLAM model and in the new HARMONIE model
4.3.3. Operationally available NWP products
The HIRLAM model produces file outputs. They contain the model variables: wind, temperature, specific humidity, cloud water content, and TKE (turbulent kinetic energy) at all model levels; surface pressure, and the parameters that describe the ground state as temperature and water content at the different tessels and levels of the soil model. These files also contain climate data like orography, roughness, etc… In addition from an argument list post-processed products are derived  such as the aforementioned variables at pressure levels and parameters as 2m temperature, 10m wind, accumulated precipitation, etc…     
Hourly, outputs are obtained, but they are only definitively archived every three hours in the AEMET archiving system BDAP (‘Base de Datos de Análisis y Predicción’)
4.3.4. Operational techniques for application of NWP products

4.3.4.1. In operation
Advanced and specific HIRLAM outputs are being used for aeronautical purposes: identification of turbulence, icing condition, mountain waves, etc., at flight levels, FL. More sophisticated products will be obtained for mountain meteorology in the near future. New wind gust estimation modules are been tested and validated to be used in the operational environment.

Some NWP derived parameters and vertical profiles are obtained from the HIRLAM model output to identify and forecast the most likely convection environments. Other end-user products are delivered automatically from the high resolution model, HNR, to provide data requires at surface level. 
A fog forecasting model based in HIRLAM 1D was developed for use in some airports. Special products are prepared for specific users and clients. 

4.3.4.2. Research performed in this field

A specific set of  forecasting products from the HIRLAM runs ONR, HNR and CNN are loaded into the Digital Forecast Data Base, BDDP, (‘Base de Datos Digital de Predicción’) for use by the forecasters. The new  BDDP, use intensively ONR/HNR/CNN models from H+00 up to H+72 outputs. BDDP will be in operation in the middle of 2009. It is planned that forecasters will be able to modify interactively this BDDP in the next future. 
4.3.5. Ensemble Prediction System

AEMET is contributing to the development and testing of the GLAMEPS project developed within the HIRLAM and ALADIN Consortia.

Apart of it, a multimodel multiboundaries System (AEMET/SREPS) has been developed and it is daily run in experimental mode on the AEMET supercomputing facilities. Five LAMs: HIRLAM, HRM, MM5, UM and Cosmo Model are integrated taking as initial and boundaries the global fields from five global models : ECMWF, GME, (from  DWD), GFS (from NCEP), UM (from UKMO) and CMC (Canada). So, the number of members of the ensemble is 25. 
4.3.5.1. In experimental mode
The SREPS System is running twice a day at 00 and 12h UTC until 72 hours. The model resolution is around 25 km in the horizontal and 40 levels in the vertical.
4.3.5.2. Research performed in this field

Work has been done to correct the bias (difference between mean values of the forecasts and the analyses in the verification areas), and to calibrate the system using the Bayesian technique BMA. Results are very encouraging and a version of BMA for surface variables (not precipitation) is going to add to the experimental system. At the same time the application of the BMA to precipitation is investigating but no results were obtained this year. Verification is being expanded to cover climate precipitation observations of the European National Meteorological Services. At the same time some techniques for upscaling  these observations before to use them in the verification process are under research in a collaboration with ECMWF.

4.3.5.3. Availability of SREPS products
The AEMET/SREPS provides two kind of products
· Deterministic products: Average of the deterministic outputs of each of the members of the ensemble. They are made available every 3 hours for geopotential, temperature, specific humidity, wind and surface variables.
· Probabilistic products: They are obtained from the full set of the individual deterministic forecasts of the ensemble by estimating the probability of occurrence of a meteorological event such as 6 h. accumulated precipitation higher than 1, 5, 10 and 20 mm; 10m mean wind higher than 10, 15 y 20 m/s; positive or negative variations higher than 2, 6 y 12 ºC of the 24 h. tendency of the two meter temperature. 
4.4. Nowcasting and Very Short-range Forecasting Systems (0-6 hrs)

No numerical model system specifically is available to this purpose, but some HNR/CNN fields and parameters are used for linear extrapolation and hail estimation in the based-radar cell convective identification modules. These applications work at national and regional levels. Other HIRLAM parameters are included into satellite applications for Nowcasting, such as identification of convection and detection of icing conditions in real time.

4.5. Specialized numerical predictions

HIRLAM outputs are used as inputs data by the following models:
· Wave models: A wave forecasting system developed by the Spanish holding of harbours (Puertos del Estado) is run by AEMET. This system is made-up by two main WAM based applications for the Atlantic Ocean and the Mediterranean Sea which provide boundary conditions to four nested applications: three based on the WAM model (Cantabrian coast, Gulf of Cadiz and Canary Islands) and the fourth on the WW3 model (Strait of Gibraltar). Both (WAM and WW3) are third generation well known models that solve the wave transport equation explicitly without any presumption on the shape of the wave spectrum. Furthermore, the WAM model incorporates a two-way nesting scheme that allows the definition of different grid resolutions in various subregions of the model domain. The system is driven with 10 m wind fields from the HIRLAM ONR 0.16 model and it is operated on a twice a day cycle with a 72 hours forecast horizon. The forecast results are verified on real time using the data from Puertos del Estado buoy network.

· Oceanic models: A system of oceanic currents developed within the ESEEO (Sistema Español de Oceanografía Operativa) project framework has been running experimentally once a day in AEMET. The system includes a set of applications aimed to get short range 72 hour forecasts of oceanographic variables such as temperature, salinity and, especially, marine currents which are determinant in the tracking and forecasting of spill oil trajectories. The system consists of three limited area applications named ESEOAT (focused on the Atlantic Iberian waters), ESEOCAN (Canary Islands waters) and ESEOMED (western Mediterranean waters). The ESEOAT and ESEOCAN applications (1/20º resolution, 34 S-levels) are based on the POLCOMS model (http://cobs.pol.ac.uk/modl/metfcst/POLCOMS_DOCUMENTATION). As initial and boundary conditions both applications use data daily provided by the UK Met office open ocean system (FOAM). Tidal forcing (consisting of 14 harmonic constituents) from the Mog2d model (LEGOS/POC) is also applied at the open boundaries. Finally, it should be noted that at the coast the ESEOAT application takes fresh water climatological inputs from the main rivers included in the domain. The ESEOMED application (1/20º resolution, 32 Z-levels) is based on the DieCAST Model (http://oceanmodels.coas.oregonstate.edu/DieCOM/). As initial and boundary conditions it uses data from MFS provided by the National Institute for Geophysics and Volcanology (INGV). The forecasted atmospheric fields (10-m wind; mean sea level pressure; temperature and humidity at 2-m level; total cloud cover; total amount of precipitation; sensible and latent heat fluxes; and long wave and short wave radiation fluxes) required by those oceanic models are provided by the HIRLAM ONR 0.16 model.

· Trajectory model: FLEXTRA is a lagrangian trajectory model, well known by the scientific community, which can be used to compute forward or back trajectories. It has nesting capabilities, has been validated and the results can be found in the literature. In AEMET we use FLEXTRA daily (with HIRLAM ONR 0.16º fields as input) to compute analyzed (from H+0 to H-96) and forecasted (from H+36 to H+0) back trajectories in order to check the coherence of the observations of the Spanish EMEP/GAW air quality network, the Brewer (ozone) network and the Sun-photometer network (aerosol) and as a tool to help to understand the observed values of the parameters measured by the aforementioned networks.
· Chemical Transport Model: MOCAGE is the CTM used. It has been developed and provided to AEMET by Météo-France. It is run pre-operationally in AEMET for Air Quality and UV forecasting and as a emergency tool in ACCIDENT mode. It allows nesting up to 3 more domains to the global domain. Now, only 1 global 2º domain is run daily up to H+24 for Air Quality and UVI forecast, but a 3 domains configuration is envisaged with a continental 0.5 degrees covering most Europe and Atlantic area and Iberian 0.1 degrees nested to the global domain in the chemical mode. Besides, the accident mode runs daily with the 3 domains up to H+24 to calculate the evolution of an accidental release over every nuclear power station in operation in Spain. The global domain meteorological and surface forcings come from the ECMWF and MéteoFrance. The meteorological forcings for the continental and Iberian domain come from the HIRLAM ONR 0.16º and HIRLAM HNR 0.05º suites run operationally in AEMET.
4.6. Extended range forecasts (ERF) (10 days to 30 days)

Not computed by AEMET. The EWMWF ERF System is used.
4.7. Long range forecasts (LRF) (30 days up to two years)

Dynamical and statistical downscaling techniques are applied to the ECMWF System 3 seasonal forecasts. Results are presented as deterministic (average of the ensemble members) and probabilistic forecasts. The statistical downscaling method is a two step analog method applied to precipitation. Precipitation anomalies and probabilities of occurrence of dry, normal and wet events are estimated. They are referred to a 25-year  hindcast of 11 members. The size of the forecast ensemble is 41 members.
The dynamical downscaling is undertaken with the Rossby Centre (SMHI) limited area model RCA. Temperature and precipitation anomalies and probabilities of occurrence of tercile related events are derived. They are referred also to a 25-year hindcast of 5 members. The size of the forecast ensemble is 11 members.
AEMET has taken part in the research Theme RT2 of ENSEMBLES Project (EU FP6). RT2 pursues to develop and undertake downscaling applied both to seasonal forecast and longer integrations. 
5. Verification of prognostic products
5.1. Monthly verification summary
HIRLAM outputs are routinely verified in different European and Africa domains and using the EWGLAM (European Working Group on Limited Area Models) list of stations for verification. Standard scores are computed for all model parameters in the vertical and at surface using the available TEMP and SYNOP data. In case of precipitation, the HIRLAM model outputs are verified against the high resolution precipitation data from the AEMET climate observations network (around 4000 stations in Spain).
6. Plans for the future (next 4 years)
6.1. Developments of the GDPFS
6.1.1.Major changes in the operational DPFS which are expected in the next year

Envisaged changes for 2009 are:

· Upgrading the HIRLAM operational suites, including improvements mainly in data assimilation and model physics.
· Testing the HARMONIE System, version cy35h1 and beyond, in the frame of the HIRLAM-ALADIN collaboration for very high resolution models.
6.1.2
Major changes in the operational DPFS which are envisaged within the next 4 years

· HARMONIE will become operational as a non-hydrostatic high resolution model (1-2 km resolution) likely using the AROME physics.
· SREPS models could be upgraded conveniently as well as the model versions.

6.1.3 Air Quality Modelling Activities: The Mediterranean area is known to suffer severe photochemical pollution episodes due to a very active photochemistry, strong emissions (anthropogenic and biogenic) and complex meteorological dynamics which make Air Quality forecasting in this area specially challenging. AEMET will be a partner in the 7th Frame Program MACC Project (Monitoring Atmospheric Composition and Climate) mainly investigating the special characteristics of the regional aerosol and photochemical modelling in the Mediterranean basin. The MACC project will start in mid-2009. All the tasks planned will be carried out in collaboration with Météo-France.
6.2
Planned Research Activities in NWP, Nowcasting and Long-range Forecasting

AEMET will continue taking part of the HIRLAM Consortia aimed to the development of a short range very high resolution forecast and assimilation models.  Developments in short range ensembles are expected to continue taking advantage of  Thorpex TIGGE LAM progress. Some activities in seasonal forecasting are envisaged to further exploit the available multi-model ensembles and other statistical models.
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