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REGIONAL PERSPECTIVES ON NWP/EPS SYSTEMS, PRODUCTS AND INFRASTRUCTURE

Regional Association IV
1. Introduction 

This document provides an overview of the current operational usage of NWP systems in Regional Association IV.   
2. Review of DPFS in Regional Association IV

2.1 Global Forecast systems
The NMHS are running Global forecast systems in RA-IV:  USA and Canada. Both are having deterministic and Probabilistic (ensemble) systems.

2.1.1 USA Global Forecast System (GFS)
The GFS is a global spectral data assimilation and forecast model system. It is the USA deterministic global system.  GFS forecasts are produced every six hours at 00, 06, 12 and 18 UTC.  The GFS graphics are based on 70 km grid (T190) and are available at six hour increments out to 384 hours.  

 NCEP implemented major changes to GFS on July 28, 2010. The horizontal resolution increased from approximately 35 km (T382) to approximately 27km (T574) in both the analysis and forecast model. The vertical resolution is 64 layers, with model top at 0.2 hPa. Additionally, a number of improvements have been made including an upgraded radiation and cloud package, upgraded specification of gravity wave drag, a higher resolution grid for hurricane relocation, an upgraded boundary layer scheme, the use of a higher resolution snow analysis, a new mass flux shallow convection scheme and an updated deep convection scheme. 

Information on the model products can be found at the production model web page
http://www.nco.ncep.noaa.gov/pmb/products/gfs/ 

The link to the latest information about the GFS is: 

http://www.emc.ncep.noaa.gov/modelinfo 

2.1.2 Canadian Global Deterministic Prediction System (GDPS)
The Canadian Global Deterministic Prediction System is based on the Global Environmental Model (GEM).  It is including a 4D-Var global data assimilation system.  While the assimilation is made by 6 hour time windows, the model forecasts are produced every 12 hour at 00 and 12Z.
Canadian Meteorological Centre made a major change to the GDPS in 2009.  While the horizontal resolution remained at approximately 33km, the vertical domain was extended to include the stratosphere thanks to a new hybrid vertical coordinate,  new radiative scheme,  and the addition of many satellite based data including GPS-Radio Occultations.  The lid is now at 0.1 hPa. Those changes as well as all changes to Canadian GDPFS are documented at the following site:

http://www.smc-msc.ec.gc.ca/cmc/op_systems/recent_e.html
Some minor changes to the model are currently tested in parallel in order to reduce the false alarm ratio in the development of Tropical cyclones and Hurricanes.
A complete description of this system as well as research plans is available at the following sites:
http://www.smc-msc.ec.gc.ca/cmc/op_systems/global_forecast_e.html
http://www.wmo.int/pages/prog/www/DPFS/ProgressReports/2010/2009_GDPFS-NWP.html
2.1.3 USA Global Ensemble Forecast System (GEFS)

The GEFS is a GFS-based modelling system for probabilistic forecast. It provides 20 members ensemble forecast per cycle plus one control at T126. GEFS forecasts are produced up to 28 levels every six hours at 00Z, 06Z, 12Z, and 18Z.  All runs are shown out to 384 hrs at 6-hour intervals. Data is interpolated to 1°x1° resolution from 0 to 384 forecast hours. Information on the model products can be found at the production model web page

http://www.nco.ncep.noaa.gov/pmb/products/gens/
The link to the latest information about the GEFS model is 

http://www.emc.ncep.noaa.gov/modelinfo/
2.1.4 Canadian Global Ensemble Prediction System (GEPS)

The Canadian probabilistic forecast system is a based on the GEM model.  It is initialised by the use of Ensemble Kalman Filter data assimilation method.  It is made of 20 ensemble members per cycle plus one control at 100km horizontal resolution. GEPS forecasts are produced with 28 levels every 12 hours at 00Z and 12Z. All runs are available out to 384 hrs at 6-hour intervals.
A complete description of this system as well as research plans is available at the following sites:

http://www.wmo.int/pages/prog/www/DPFS/ProgressReports/2010/2009_GDPFS-NWP.html
2.2 Regional Forecast Systems with Data assimilation
2.2.1 USA North American Mesoscale (NAM)
The NAM model is a regional mesoscale data assimilation and forecast model system based on the WRF common modeling infrastructure.  It is the main deterministic regional model in USA. Currently at 12 km resolution with 60 vertical layers the NAM forecasts are produced every six hours at 00, 06, 12 and 18 UTC. 

 The lead time is 84 hour and the forecast data is available in 3 hour step which covers most Northern America (except extreme Northern parts) with average resolution of 0.11 degree (about 12 km). The NAM has non-hydrostatic dynamics and a full suite of physical parameterizations and a land surface model. 
Information on the model products is found at

 http://www.nco.ncep.noaa.gov/pmb/products/nam/
The link to the latest information about the NAM model is: 

http://www.emc.ncep.noaa.gov/mmb/mmbpll/etapll/
2.2.2 Canadian Regional Deterministic Prediction System (RDPS)

The Canadian Regional Deterministic Prediction System (RDPS) is a regional mesoscale data assimilation and forecast model system based on the GEM common modeling infrastructure.  It is the main deterministic regional model used in Canada. Currently at 15 km resolution with 58 vertical layers the RDPS forecasts are produced every six hours at 00, 06, 12 and 18 UTC.  A 3D-Var regional data assimilation system provides initial conditions.  
The lead times are 48 hour for 00 and 12Z ,  and 54 hour for the 06 and 18Z runs. 

The Canadian RDPS has been using a variable mesh since 1984.  It will be replaced by a Limited Area Model within a few weeks.  

A complete description of this system as well as research plans is available at the following sites:

http://www.smc-msc.ec.gc.ca/cmc/op_systems/regional_forecast_e.html
http://www.wmo.int/pages/prog/www/DPFS/ProgressReports/2010/2009_GDPFS-NWP.html
2.2.3 Rapid Update Cycle (RUC)
The RUC is a hybrid sigma-isentropic analysis and forecast system. It has a horizontal resolution of 13 km and 50 vertical layers.   RUC utilizes an hourly data assimilation system.  The RUC forecasts are produced every hour. 

The RUC graphics are available for the most recent 4 hours for forecasts up to 12 hours. Information on the model products can be found at the production model web page http://www.nco.ncep.noaa.gov/pmb/products/ruc2/
The link to the latest information about the RUC model is http://maps.fsl.noaa.gov/ 

2.3 Regional Forecast Systems without  Data assimilation (Downscaling)

Some NMHS are running deterministic regional forecast systems with quasi continental of sub continental domains without data assimilation systems. The numerical forecast models are then used as sophisticated downscaling tools and rely on the Global driving model for both initial and boundary conditions..
2.3.1 USA High Resolution Windows  (HRW)
The HRW (also known as Nested Window Run or NWR) contains images from the Weather Research and Forecasting (WRF) model versions of the non-hydrostatic, hybrid vertical coordinate mesoscale model (NMM) and Advanced Research WRF (ARW).  WRF forecasts are produced every six hours at 00, 06, 12 and 18 UTC (East 00z, 12z, West 06Z). The WRF graphics are available at three hour increments out to 48 hours. 
	Domain of HRWw with 4 km resolution:
	Domain of HRWe with 4 km resolution:
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The Weather Research and Forecasting (WRF) Model is a next-generation mesocale numerical weather prediction system designed to serve both operational forecasting and atmospheric research needs. It is an evolutionary successor to the MM5 model. The effort to develop WRF has been a collaborative partnership, principally among the National Center for Atmospheric Research (NCAR), the National Oceanic and Atmospheric Administration (the National Centers for Environmental Prediction (NCEP) and the Forecast Systems Laboratory (FSL), the Air Force Weather Agency (AFWA), the Naval Research Laboratory, Oklahoma University, and the Federal Aviation Administration (FAA).

The WRF-NMM replaced Early ETA Forecast Model (ETA) on June 20, 2006. WRF is a next-generation mesoscale numerical weather prediction system designed to serve both operational forecasting and atmospheric research needs. 
The link to the latest information about the WRF modeling system is: 

http://wrf-model.org/index.php
2.3.2 Caribbean Institute for Meteorology and Hydrology
At the Caribbean Institute for Meteorology and Hydrology, two mesoscale numerical models are run daily for the Caribbean Region. The two models are: the PSU/NCAR Mesoscale model (MM5) and the Advance Weather Research Weather Forecasting Model (WRF). 
Products provided represent the collaborative efforts of the Caribbean Institute for Meteorology and Hydrology (CIMH) and the Caribbean Catastrophe Risk Insurance Facility (CCRIF).
The MM5 is run on a dual-core AMD processor, Linux PC with the PGI 6.0-8 compiler (64-bit mode). The 0000Z outputs are available at 11:30UTC and the 1200Z outputs are available at 23:30UTC.
The WRF is run on a dual-core AMD processor, Linux PC with the PGI compiler 6.2-5 (64-bit mode). The 0000Z outputs are available at 12:30UTC and the 1200Z outputs are available at 00:30UTC (the next day).

The domains covered by either model vary, but both are forced by the same initial dataset from the GFS.
The WRF runs are initialized by data from the Global Forecast System (GFS) model for 0000Z and 1200Z during the hurricane season and 0000Z otherwise. WRF outputs for the run using the latest initialized data and 24hrs previous to that hour will be available.   Normally, the WRF is run for two domains; however, when there are weather systems of interest, a third domain will be introduced to cover the location of the system.  The largest domain, domain 1, extends from 20W to 90W and 0 to 30N, while domain 2 extends from 58W to 84W and 3N to 28N.   Currently domain 1 is run at a 54 km resolution, where as domain 2 is at a 18 km resolution and if there is a domain 3; the high resolution box, it will be run at a 6 km resolution. 
The MM5 provides outputs for portions of the Caribbean region and the Lesser Antilles.  Forecasts are based on the Global Forecast System (GFS) initiated at 00Z and 12Z.  The MM5 horizontal resolution is 54 km, 18 km and 6 km.
More information could be found at the following:

www.cimh.edu.bb
2.3.3 Costa Rica NMHS
The National meteorological Service in Costa Rica is maintaining a numerical weather prediction capacity using the WRF (ARW) USA model.  The WRF runs are initialized by data from the Global Forecast System (GFS) once per day from 0000Z (at 6-hour frequency for boundary conditions) via GTS.   The cascade of WRF runs is from 90 km, to 30 km and then 10 km over of domain covering the Costa Rica.
The products are downscaled winds, streamlines, temperature,  precipitation and cloud cover.
2.3.4 Canadian High Resolution windows
GEM-LAM 2.5 km (Limited-Area Model, LAM version of GEM)
A non-hydrostatic limited-area version of the GEM model (GEM-LAM) at 2.5-km horizontal resolution (58 vertical levels) is used to make experimental operational runs at CMC once a day for 24 hours. Currently, four experimental windows are in use:

1- West window (southern British Columbia)

2- East window (southern Ontario-Quebec)

3- Maritimes window (Atlantic provinces)

4- Baffin Island (Arctic) window

The main update in 2009 to the experimental LAMs run by the CMC Operations has been the enlargement of the Maritimes window.

In addition of the four windows, experimental summer runs over the Lancaster Sound have been performed in a development mode and were positively evaluated by the Canadian Ice Service. The high-resolution wind field can help them better predict ice movements, which is a prerequisite for safe maritime transport activities in Arctic waters.
GEM-LAM for the Vancouver 2010 Winter Olympics (15 km, 2.5 km and 1 km) 
The preliminary version of the prototype was successfully tested during Winter 2009 Olympics Practicum (January-March 2009). During 2009, the final modifications and testing were done:

· Improved numerics: growing orography, vertical staggering, better I/O and nesting technology

· Improved physics: final scheme adjustments and code optimization 

· New diagnostic: wind gusts and variances, visibility, precipitation types, sow-liquid ratio

· Configuration finalized: optimal configuration to better fulfill the operational forecaster needs

· Optimal configuration: 
three self-nested GEM-LAM grids (at 15-km, 2.5-km and 1-km grid-spacing)

The final delivery to CMC Operations was done in December 2009 in time for the Vancouver 2010 Games. 

2.4 Hurricane models 
a)  The USA Geophysical Fluid Dynamics Laboratory (GFDL) hurricane model (GHM) provides operational guidance for forecasters at the National Hurricane Center in both the Atlantic and East Pacific basins. Hurricane forecasts are produced on demand every six hours at 00, 06, 12, and 18 UTC for up to four tropical storms at a time. The GFDL hurricane model graphics are available at six hour increments up to 126 hours. Often, there are less than 126 hours. 

The model is a nested grid system with an outermost domain and 2 nested grids with resolutions of 55, 27 and 9 km respectively and 42 vertical levels. A spin-up vortex initialization is used with an axisymmetric version of the forecast model forced by intensity and structure parameters provided operationally by NHC. The GFDL hurricane model is coupled to a high-resolution version of the Princeton Ocean Model for the Atlantic Basin and a one dimensional mixed layer model for the East Pacific. The ocean initialization system uses observed altimeter observations to provide a more realistic Loop Current and Gulf Stream conditions. Information on the model products can be found at the products model web page

 http://www.nco.ncep.noaa.gov/pmb/products/hur/
The link to the latest information about the GFDL hurricane model is 

http://www.gfdl.noaa.gov/research/weather/tpb_gfdl.html
b)  The Hurricane Weather Research Forecast (HWRF) model provides operational guidance for forecasters at the National Hurricane Center in both the Atlantic and East Pacific basins. Hurricane forecasts are produced on demand every six hours at 00, 06, 12, and 18 UTC for up to four tropical storms at a time. The HWRF hurricane model graphics are available at six hour increments up to 126 hours. Often, there are less than 126 hours. 

The model is a nested grid system with an outermost domain and a nested grid with resolutions of 27 and 9 km respectively and 42 vertical levels. The HWRF vortex initialization uses the 6 hour forecast as the first guess, then uses regional GSI 3DAR data assimilation to produce the initial hurricane vortex that matches the intensity and structure parameters provided operationally by NHC. The HWRF is coupled to a high-resolution version of the Princeton Ocean Model for the Atlantic Basin. The ocean initialization system uses observed altimeter observations to provide a more realistic Loop Current and Gulf Stream conditions. 

Information on the model products can be found at the production model web page http://www.nco.ncep.noaa.gov/pmb/products/hur/
2.5  Short Range Ensemble Forecast (SREF)
The only NMHS having an Operational Regional (ensemble) probabilistic system in RA-IV is USA. However Canadians are having an experimental Regional ensemble currently in quasi operational stage.

2.5.1 USA Short Range Ensemble Forecast (SREF)
The SREF system is a set of model runs called ensemble members using either a single model with different initial conditions or different models with the same initial conditions. SREF forecasts are produced every six hours at 03, 09, 15 and 21 UTC with outputs available at three hour increments out to 87 hours. The evaluation of SREF has shown improvements in providing continental USA (CONUS) forecasts during the one to three day time range. The SREF runs operationally four times daily. SREF produces ensemble forecasts from 21 members: five ETA members, five ETA Kain-Fristch members, five Regional Spectral Model (RSM) members, and three members each with the WRF-NMM and WRF-ARW. 

Information on the model products can be found at

 http://www.nco.ncep.noaa.gov/pmb/products/sref
The link to the latest information about the SREF model is July 2010 4 
http://www.emc.ncep.noaa.gov/modelinfo 

2.5.2 Canadian Regional  Ensemble Prediction System (REPS)
The Canadian Regional Ensemble Prediction System (REPS) is expected to become fully operational by year 2011.  It will provide probabilistic forecast meteorological guidance for severe weather and warning forecast with lead time extending to 48 – 72 hours.

The forecasts will be performed twice daily and are initialized at 00 and 12 UTC. The REPS comprises 20 members, the dynamical core is the limited-area version of the GEM model, and the subgrid-scale physical parameterizations are almost identical to the current parallel run for the Global Deterministic Prediction System (see section 2.1.2 on GDPS above). This physical parameterization package has been adapted to generate more realistic statistics of tropical cyclones. The horizontal resolution of the system is at 0.3° which is also very close to the GDPS.

The diversity of the ensemble members is obtained from the following three factors: 

1) The application of the Stochastic perturbations to the subgrid-scale physical tendencies on winds and temperature;

2) Each member utilizes its own initial condition from the operational global ensemble Kalman filter (different from member to member);

3) The lateral boundary conditions for each GEM-LAM member, updated every 3 hours, are provided by the different members of the operational global ensemble prediction system.
This system will cover North America at first stage.  
2.6 Mesoscale analysis
The RTMA is a “quick look” analysis designed to meet the immediate need of those requiring a real time gridded analysis. This is the first phase of the “Analysis of Record” (AOR) underway at NWS. The RTMA is produced by down-scaling the RUC forecast/analysis from its horizontal resolution of 13 km to a 5 km NDFD grid. 
This is then used as a first guess for a 2D-Variational analysis which a) uses a full complement of surface observations; b) uses anisotropic background error covariance mapped to local terrain, c) produces analyses of 2 m temperature, 2m dew-point and 10 m wind and d) produces estimates of analysis uncertainty as well. The RTMA provides hourly, near real time, mesoscale analyses of surface hydrometeorological variables in a grid format. These grid hydrometeorological products are used by field forecasters for various operational applications. RTMA product destinations include all CONUS and OCONUS sites, NWS special centers, and external partners and customers. The RTMA products can be found at the following web page: 

http://weather.noaa.gov/pub/SL.us008001/ST.expr/DF.gr2/DC.ndgd/GT.rtma/
3.
North American Ensemble Forecast System (NAEFS)
3.1
Introduction

NMHSs of Mexico, the USA and Canada are cooperating in the North American Ensemble Forecast System (NAEFS) where EPS systems of the CMC (Montreal) are combined with those of NCEP (Washington) in a multi-model ensemble approach.
The main areas of collaborations are:  real-time data exchanges, Post-Processing such as bias removal before merging the ensembles, product development, and verification.
3.2
Current Operational data exchange
Since 2004, both centres have been exchanging their [00, 06, 12, 18]Z analyses along with their [00,12]Z global ensemble forecast data and this in an operational framework via the INTERNET The original 52 variables were on a common grid of 1 x 1 degree which allowed both centres to proceed with post-processing and product development in a coordinated fashion based on a joint NWS and MSC ensemble.   A data format migration from GRIB1 to GRIB2 is almost completed, and the number of variable have been upgraded to 72.

A number of issues related to the multi-centre operational data exchange have, over the years,  been identified and resolved and now the exchange has proven quite reliable. Full operational support (24/7) is provided at participating centres in order to deal effectively with real time data exchange issues as they occur.  

3.3 NAEFS meetings

Conference calls are held on a monthly basis in order to coordinate development efforts and operational issues.   Face to face meeting are held every 2 years.  Latest meeting was held in Cuernavaca, Mexico in May 2010.   

At this occasion, NAEFS plans were updated. Additionally, training about the fundamentals of EPS and its operational usage was offered to forecasters of the Mexican NMHS and students from neighbouring local universities and academia.   

3.4  NAEFS plans
Short term plans are about the inclusion of Fleet Numerical Meteorological and Oceanographical Centre (FNMOC) into the NAEFS ensemble.   FNMOC would add 20 more members into the NAEFS.

Next figure provides the result of a two winter month comparative verifications.  In this case, the added value of the partnership is assessed by verifying the 2-meter screen temperature analysis over North America.   Looking at skill score threshold of 0.5,  it is found that the statistical corrections is adding 1,4 days of lead time to the raw USA GEFS, while the addition of Canadian members (statistically corrected) is adding another 1,4 days at skill 0,5.   Additionally, the inclusion of 16 FNMOC ensemble members lead to another 0,5 day improvement.
[image: image3.emf]
Skill score as function of forecast length, for the prediction of surface (2-metre) temperature for raw NCEP GEFS (black cross), NCEP GEFS statistically bias corrected (Red empty circles), NCEP and CMC statistically bias corrected GEFS (NAEFS, green filled circles), and NAEFS plus FNMOC 16 members statistically bias corrected.
On the longer term, the collaborative efforts can be extended to, or joint research can be initiated in the future in the following areas:

· Regional ensemble forecasting: Currently, there is an operational system running at NCEP based on a multi-model approach. This system has been operational for many years (SREF). At CMC, a system with grid spacing at 33 km and based on the limited area model GEM-LAM, piloted by the global EPS system was run for the Vancouver Olympics 2010 on an experimental basis. It is planned that the improved regional system would be implemented at CMC operations sometimes in year 2011. The extension of NAEFS to the regional side is natural and some planning is underway.

· Generation of hindcasts: Post-processing and verification would be much improved if we generate hindcast for a significant system changes. Users also can use these data sets to adapt their own decision making processes. Many centers around the world are beginning to do that for medium-range forecast (ex. ECMWF, etc.) while it is the rule in seasonal forecasting. A common framework to do the hindcast on a real time basis might be agreed on by both centres. NCEP is planning to install a real time hindcast procedure in the coming years.

· Explore joint aviation related product development: Explore connection with NEXGEN, 4D-cube and Canadian aviation-weather related products
· Pursue hydrological applications

· Comparisons and complementary coverage of NA domain …

· Pursue joint wave ensemble applications
· NWP-based ensemble forecasting on the longer, 3-6 weeks to seasonal time scales. This is an area of research that both centers plan to pursue and an exchange of ideas may lead to joint research plans in the future. The extension of the forecast lead time to cover 4 weeks can be considered as it is the case in other centers around the world (ex. ECMWF). At CMC, preliminary studies (Lin, personal communication) have shown that the EPS system when used over 35 days is better at monthly temperature anomaly than the first month of the seasonal forecasts done by the current Canadian seasonal forecast system..

· Representation of model errors in ensemble forecasting. Both sides recognize this as a major research task for the next 5 years or so. After establishing the research and developmental collaboration between the two centers as described in section 2, it will be a natural choice to pursue the possibility of joint research in such areas as stochastic physics.

· Ensemble configuration. Joint research may be carried out regarding the optimal configuration of ensembles considering, for example, the model resolution vs number of ensemble members, etc.

Generation of initial conditions/perturbations for ensemble forecasting. First, a detailed comparison of initial perturbations generated by the use of Ensemble Kalman Filter at MSC, and the breeding method at NCEP may be carried out. Information from this analysis may be enhanced by implanting perturbations generated at one center into the ensemble system of the other center. Based on the findings, the two centers may be able to improve their ensemble perturbation generation schemes. 

Finally, Mexico, NWS and MSC may consider collaborating in public information and education on ensemble forecasting within RA-IV, especially when products will have similar appearances and contents in participant countries.

4.   Special support to Haïti 
Many WMO members are dedicating efforts in order to support Haïti weather services following the devastating earthwake that occurred in this country in January of 2010.  

Numerical guidances from Caribbean Institute for Meteorology and Hydrology (see section 2.3.2 on CIMH activities),  ECMWF,  USA, and  Canada are provided via meteoFrance Martinique extranet. The meteoFrance Martinique extranet gives access to a site intended to provide a high resolution numerical weather model output centred over Haiti, thanks to CIMH.  Many ECMWF guidance products are also available on the site, as well as satellite imagery and other American products.
NAEFS meteograms for selected Haitian cities are available at the site.  The Canadian Regional Ensemble Prediction System (REPS) domain was reconfigured for the current active season in order to provide meteorological guidance for the Caribbean region as well as the Eastern part of North America for up to 72-hour lead time. The guidance is mainly for the tropical storms and their extra-tropical transitions. The forecasts are performed twice daily and are initialized at 00 and 12 UTC. The REPS comprises 20 members is described in section 2.5.2.

[image: image4]
Above is the current domain of the Canadian REPS.  The window was enlarged and displaced south-eastward in comparison to its usual position centred over Canada.  This configuration will remain throughout the current active tropical season.
Annexe I.

Tabe summarizing the State of RSMC and NMCS on the Numerical Weather Prediction (date of the information is indicated; last update: August/2010)

GM   = Global Model

LAM = Limited Area Model 

Perturbation technique for ensemble prediction systems: SV = Singular Vectors, BGM = Breeding of Growing Modes, LAF = Lagged Average Forecasts, StoP = Stochastic Physics, OP = Observation Perturbations, ETKF = Ensemble Transform Kalman Filter
NMC= National Meteorological Centre

RMC= Regional Meteorological Centre (also called Geographical RSMC = Geographical Regional Specialized Meteorological Centre)

RTCC= Regional Tropical Cyclone Centre (also called RSMC for Tropical Cyclone)
RCATM= Regional Centre for Atmospheric Transport Model (also called RSMC for Transport Model)
WMC= World Meteorological Centre

GMC= Global Model Centre (one is also called RSMC for Medium-Range Forecast)

GPC= Global Producing Centre for Long-range Forecasts (LRF)
REGION IV

	CENTRE
	STATUS
	MODELS
	RESOL.
	LEV.
	RANGE
	Boundary
	Domain
	Products on: 

	Caribbean (2010)

Institute for Meteorology and Hydrology
	NMC
	WRF (ARW) and MM5
	54 km -     6 km
	
	48 -         12h
	GFS
(lateral boudaries and inital conditions)
	Most of Caribbean and Lesser Antilla
	Web site

	www.cimh.edu.bb


	SAN JOSE (2010)
	NMC
	WRF  (ARW)
	10 km
	
	36 h
	GFS (6h)

(NCEP)
	Costa Rica
	
	

	
	
	
	
	
	
	
	
	
	

	IRI (USA) (2007)
	Special Centre
	Ens. multi-models, over 30 members, LAF
	
	
	6 months
	
	
	
	

	MEXICO (2006)
	NMC
	LAM (MM5) non-hydrostatic
	45 km
	20?
	72 h
	GFS
	Central America?
	
	

	MONTREAL (2010)
	RMC, RCATM and GPC
	GM (GEM) 4D-VAR
	0.45° Long. - 0.33° Lat.
	80
	240 h and 360 h (Sunday)
	
	
	GTS
	

	
	
	GM NAEFS Ens. 20 members (CMC and NCEP) (Random OP taken among, 96 ETKF analyses)
	0.9 deg.
	28
	16 days
	
	
	
	

	
	
	GM (GEM Regional) 3-D VAR
	 15 km
	80
	48-or 54h
	GEM
	North America
	
	

	
	
	High resolution local (GEM) (non-hydrostatic)
	0.1375° (~ 15 km) 

2.5 km


	80

58


	24 h

24 h


	
	15 km: North America and adjacent seas, North Pole, Arctic

2.5 km: Southern British Columbia/ Southern Ontario-Quebec/ Baffin Island (Arctic) / Atlantic provinces


	
	

	
	
	GM Ens. 40 members (24 h LAF, four models) 2 tiers
	T63 / T95
	40
	1 month; 3/4 months
	
	
	
	

	
	
	Wave Model (WAM) 
	0.5° (0.05° for Great Lakes)
	
	120 h

48 h
	GEM
	Eastern Pacific, Western Atlantic/ 4 Great Lakes
Atlantic and Great Lakes
	
	

	
	
	Storm Surge Model (DalCoast)
	
	
	48 h
	
	Eastern Canada
	
	

	
	
	Air Quality Models 

     GEM-MACH15
	15 km
	58 lvl up to 65km
	48 h
	
	North America
	
	

	
	
	Environmental Emergency Response Models

  CANERM 3D (transp pollutants in atm)

  MLDP0 3D (dispersion)

  MLCD 3D (disp.) up to 10 km f. source

  MLDP1 (disp) up to 100-200km f. source
	
	
	10 days
	GEM (GM and Regional)
	
	
	

	
	
	
	
	
	
	
	
	
	

	MIAMI (2007)
	RMC and RTCC
	full access to GM and LAM
	
	
	
	
	
	
	SAT

	
	
	HCN (hurricane)
	0.16°
	18
	 72 h
	
	Tropical Atlantic
	
	

	WASHINGTON (2010)
	WMC, RMC, RCATM, GMC and GPC
	GFS (3D-VAR)
	T574 (27 km)
	64
	 192 h
	
	
	GTS
	ISCS -WAFS

	
	
	
	T382
(35 km)
	64
	180 to 384 h
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	Global Ens. 21 members (GFS) Ensemble Transform with Rescaling (ETR)
	T190

T62
	28
	16 Days
180 h  to 30 days
	
	
	
	

	
	
	GM NAEFS Ens. 20 members (CMC and NCEP) (Random OP taken among, 96 ETKF analyses)
	0.9 deg.
	28
	16 Days
	
	
	
	

	
	
	LAM ((HiRes) 3D-VAR (Meso-ETA) 
	12 km
	60
	 84 h
	GFS
	Continental  USA
	
	

	
	
	LAM ((HiResM) 3D-VAR (Meso-ETA) over some regions
	4 km
	35
	 48 h
	GFS
	Continental USA
	
	

	
	
	Hurricane
	27 km- 9 km
	42
	 126 h
	GFS
	Pacific-Atlantique
	
	

	
	
	Regional Ens. 21 members, 4 models (ETA; NMM; ARW, RSM) (SREF) (North America) (IC random perturbations)
	32 km
	60
	 87 h
	GFS
	Part of North America (including southern Canada,

USA and Northern Mexico)
	
	

	
	
	Ens. 40 members, (GFS) coupled, Modular Ocean Model ,MOM 3, LAF
	T62

1/3-1deg.
	64

40
	7 months
	
	
	
	

	
	
	Wave Model WAVEWATCH III /Storm surge
	
	
	
	
	Pacific-Atlantic/

Great lakes
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