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1.	Data assimilation and NWP models (CMC)





Current operational system





Global model is GEM (global environmental multiscale) at 0.9 degree uniform resolution with 28 eta levels. Forecasts up to day 10 at 00 UTC and to day 6 at 12 UTC, with a cut-off time of T+3h. Analyses done using incremental 3D-Var on model levels at T108, forecast error statistics based on NCEP 24-48 method. Significant improvements implemented in 3D-Var on December 11th 2001 (details below).





Regional model is GEM in variable resolution configuration at 24-km resolution over North America and 28 eta levels. ISBA surface module scheme operational since September 11th 2001 (ISBA is French acronym for “Interactions Surface Biosphère Atmosphère”). Forecasts up to 48-hour at 00 and 12 UTC, with a cut-off time of T+1h40. Analyses done with incremental 3D-Var on model levels at T108, using a 12-hour intermittent spin-up cycle. Still uses forecasts error statistics from global system (regional system was also modified on December 11th 2001).





HIMAP version of GEM at 10-km resolution, 35 eta levels (Eastern/Western Canada windows). Initialised with 6-hr forecasts from regional model. Forecasts done up to 30-hours at 06 and 18 UTC.





Global ensemble forecasting system has 16 members using two models at similar horizontal resolution (~150 km). Perturbed analyses (OI scheme) are obtained from perturbed assimilation cycles. Different model options are used for both models. Forecasts are done once a day to 10 days.





A series of surface analyses are also performed. The main analyses are: air surface temperature, surface dew point depression, SST, snow depth, ice cover, deep soil temperature, albedo and soil moisture (now produced with ISBA scheme). An ice thickness analysis is under development, using ice stage data provided by the Canadian Ice Services (CIS).





Recent/future developments





Data assimilation: During the year 2001, two sets of major improvements were incorporated into the CMC operational 3D-Variational data assimilation systems.





The first major change was implemented on June 7th, 2001 in both the global and regional systems. The assimilation of level-1D TOVS/ATOVS radiance data (from NOAA-14 and NOAA-15 satellites) transmitted in BUFR data over the GTS, was replaced by the assimilation of raw AMSU-A radiance data in level-1B format (from NOAA-15 and NOAA-16), obtained directly from a NESDIS server via the internet. One of the important impacts of this change was a much improved and more reliable availability of the ATOVS data, particularly for the regional model with a short cut-off time. In terms of impacts on the forecasts, there were very significant improvements in the Southern Hemisphere, as well as improvements on the west coast of North America.





The second change was very major and was implemented on December 11th, 2001, again for both the global and regional systems. The main changes are:





use of temperature data and surface pressure instead of geopotential data


use of significant level data from soundings


incorporation of data from dropsondes


inclusion of temperature data from aircrafts (in addition to winds)


totally new quality control system (background check and variational quality control)


incorporation of additional AMSU-A channels (channels 3-4-5 over oceans and channels 7-8 over land)


modification to processing of satwinds (satob) to include GOES 8/10 and to consider the quality indicators in the data selection (from BUFR data for GOES 8/10 and METEOSAT 5/7)





This change in data assimilation was accompanied by the following changes to the global GEM model:


Modifications to the gravity wage drag (sub-grid scale orography) scheme:


numerical correction to the existing gravity-wave drag scheme.


introduction of a new low-level blocking term.


Deactivation of the filters on condensation and convection tendencies.


Adjustment of the vertical exchange coefficients for temperature and moisture.





Each component has been tested individually and then combined over many weeks of off-line cycles, including analyses and forecasts during winter and summer periods. A complete parallel run was in evaluation from mid-October to mid-December 2001. All results obtained have shown a very large positive impact on analyses and forecasts both in winter and summer. The changes to the assimilation system have a larger impact in the short range, while the changes to the global model have a progressively larger impact in the medium range, especially in winter. Overall it can be said that this implementation is probably one of the most significant of the last 10 years at CMC.





Work is now underway to add some AMSU-B channels, as well as stratospheric AMSU-A channels (combined with a higher model top). In addition, work has started on the assimilation of IR data from HIRS, as well as from locally received GOES 8 and 10 imager. This will replace our HUMSAT system for global upper troposphere humidity. Work is also underway for the assimilation of QuikScat data, using an improved forward model for surface data. Planned implementation is Fall 2002. Preparation work has also begun for assimilation of the AIRS instrument, with simulated AIRS data now received and processed.





Development of 4D-Var is progressing well. TLM and adjoint codes are now available and sensitivity studies are underway. Interface between direct model, observation operators and adjoints is completed and tests are underway. Planned implementation during second half of 2003.





Regional model: Resolution to increase to 15 km, 43 levels,  with new convection scheme (Kain-Fritsch), mixed-phase condensation scheme and moist TKE. Planned implementation is September 2002, including MPI code. Additional increase to 10 km by Winter 2002-03. HIMAP version will evolve toward LAM, with resolution near 4-km by Spring 2003.





Global model: New hybrid vertical coordinate, increased vertical resolution (80 levels), hyper-diffusion ((6), lid at 0.1 hPa, ISBA scheme, increased horizontal resolution (~50 km), MPI code, Kain-Fritsch convection scheme and mixed-phase stratiform scheme (effectively porting the regional model physics into the global model), is planned for mid-2003.





Ensemble prediction system: Development of Ensemble Kalman Filter is well underway. Will use as much as possible the 3D/4D-Var infrastructure (e.g. observation operators). The EKF will be the base for the EPS and will provide flow-dependent forecast error statistics to 3D/4D-Var and to EPS. Planned for second half of 2003 or early 2004.








2.	Canadian Ice Service (CIS)  - Activities and International Data Exchange





The Canadian Ice Service (CIS) utilises a variety of remotely-sensed data in its sea ice monitoring program. These data come form a variety of national and international airborne and satellite systems. The C-band Synthetic Aperture RADAR sensor on board the Canadian RADARSAT satellite is the prime data source.  As part of the Meteorological Service of Canada, CIS obtains NOAA AVHRR multi-spectral optical data from MSC receiving stations at Edmonton, Alberta and Dartmouth, Nova Scotia. Additionally,  CIS uses a dedicated Dash-7 aircraft, equipped with a dual-sided Slide-looking Airborne RADAR (SLAR), for tactical reconnaissance. 





These data are supplemented through the exchange of data with other countries, particularly the United States. A partial T1 link between Washington and Ottawa is used to exchange data and information products with the CIS counterpart south of the border - the National NOAA/Navy Ice Centre (NIC). CIS provides RADARSAT imagery for the Great Lakes area in exchange for RADARSAT imagery acquired by the U.S. data acquisition facility at Fairbanks, Alaska. In addition, CIS receives from Washington, through its U.S. Navy links, Special Sensor Microwave Imager (SSM/I) and Operational Line Scanner data (OLS) data from the Defence Meteorological Satellite Program (DMSP) satellite. 





CIS also receives C-band active microwave data form the Earth Resources Satellite (ERS2) managed by the European Space Agency (ESA). These data are received by Canada Centre for Remote Sensing (CCRS) receiving stations at Prince Albert, Saskatchewan and Gatineau, Quebec. Data are transmitted via a dedicated T1 link to CIS in near real-time - as is the case with RADARSAT. 





All these data are received in near-real time on a daily basis, 365 days per year. A team of image analysts and ice forecasters integrate this information into a variety of image, chart and alphanumeric products for marine operators. The prime, but by no means sole, customer is the Icebreaking Service of the Canadian Coast Guard. Ice Analysis Charts are produced on a daily basis for each area in which marine activities are occurring. Additionally, a set of weekly and monthly regional charts are maintained year-round for all marine areas in Canada affected by sea ice. These charts are used for long-term planning of marine activities, for maintaining a climatology of ice conditions in Canadian waters, and for climate change studies.





Exchange of data also occurs with the International Ice Patrol (IIP), Groton, Connecticut. The IIP, an arm of the U.S. Coast Guard, was formed shortly after the Titanic disaster as an internationally funded organisation tasked with monitoring the transatlantic shipping lanes from Europe in order to provide mariners with warnings of iceberg activity. Both CIS and IIP acquire data from iceberg reconnaissance aircraft flights (SLAR RADAR and visual), ship reports and shore sightings. A dedicated partial T1 link between CIS and IIP is used to exchange alphanumeric berg sighting messages, iceberg drift and deterioration model results, and information products. The CIS produces daily iceberg messages and population charts in season, which are distributed to mariners in both North America and Europe, to assist in the safe navigation of  these waters.





In future, CIS will be relying on a mix of active and passive microwave, and optical,  sensors flying on board satellites launched by Space Agencies from Canada (CSA), the United States (NASA), Europe (ESA), and possibly Asia (NASDA). CIS will definitely utilise the new generation of SAR systems such as ENVISAT ASAR and RADARSAT2. The use of other sensors, such as MERIS (onboard ENVISAT), MODIS (onboard Terra EOS AM-1), and the Japanese PALSAR (onboard ALOS) will depend upon the development of a ground infrastructure in Canada to acquire the data in support of fast-turnaround applications.  





Contact: Bruce Ramsay (613-996-4671)











3.	Data usage





SATEM





500 km retrievals from NOAA-15 and NOAA-16 are received but are no longer assimilated in the operational 3D-Var. However, they are still used as part of the Ensemble forecasting system. SATEM data are planned to be used in ensemble system until the implementation of the EKF (another 2 years).





TOVS/ATOVS





BUFR (level 1d) data are no longer received from GTS. ATOVS level 1b data (AMSU-A, AMSU-B and HIRS) for NOAA-15 and 16 are currently received from NESDIS (using internet) and are processed with the Eumetsat AAPP package and converted to level 1c for assimilation. AMSU-A channels 3-10 are directly assimilated over oceans while channels 6-10 are assimilated over land. Data is thinned to 250 km before assimilation.





We also have the TeraScan software (from Seaspace) which is used in MSC regional offices for the processing of the locally received HRPT data (MSC operates 3 HRPT stations for AVHRR imagery (Halifax, Gander and Edmonton, while data from a non-MSC site in Resolute Bay is also available). CMC has started to acquire raw HRPT data from the MSC HRPT sites, for volcanic ash applications as well as data assimilation for the regional system. Discussions are also underway with Eumetsat about the exchange of these data for regional data assimilation, with probable Canadian participation in the EARS project.





SSM/I





TDR files from F13, F14 and F15 are received regularly at CMC from NESDIS (formerly obtained from NIC, National Ice Centre). Ice cover data are derived from SSM/I brightness temperatures and used in the operational ice analyses (both at CIS and CMC). Total column water vapour and surface winds are also retrieved and work is underway to assimilate the retrievals in the 3D-Var. SSM/IS data to be obtained as soon as available. Assimilation of integrated water vapour and surface winds from SSM/I and SSM/IS is planned for 2003.





The MSC Climate Research Branch also make use of remote-sensing data (SSM/I, AVHRR, ERS) for the assessment and monitoring of the Cryosphere, and for understanding and modelling of cold climate processes. SSM/I data is used for studies of soil moisture and snow water equivalent. Would like to obtain access to AMSR (Aqua and ADEOS-II), MODIS and eventually SMOS (ESA Soil Moisture and Ocean Salinity mission) and HYDROS (NASA HYDROSperic States Mission) for soil moisture and surface freeze/thaw conditions.





Atmospheric  motion winds





Low density GMS cloud motion winds in SATOB code are assimilated (Meteosat and GOES are no longer used, INSAT is blacklisted). Higher density winds (HDW) in BUFR, for GOES and METEOSAT, including the use of the quality indicators are now used in the operational assimilation. Data is thinned to 150 km before assimilation, but ensuring a minimum spacing of 75 km between data points. We would like to see the Nesdis experimental BUFR HDW become operational (now planned for July 2002), and to get similar high density winds for GMS (BUFR with quality indicators).





Imagery - Geostationary satellites





CMC operates 3 GOES reception stations, including a hot spare. 3-hourly GOES West images (3 channels) are transmitted to UKMO and are uplinked to Meteosat via Lannion. 3-hourly Meteosat images (3 channels) and 3-hourly GMS images (1 channel) are received via UKMO. Moisture profiles are generated from GOES imagery and are assimilated (CMC HUMSAT system). Overall, MSC operates about 20 GOES direct readout stations. Work is well underway to directly assimilate the GOES radiances in the 3D-Var, which will replace the HUMSAT system. Interested in obtaining more MSG/GOES-9/MTSAT-1R imagery and radiance data from Nesdis.





GOES imagery as well as NOAA-AVHRR data are used for volcanic ash detection as part of CMC’s mandate as Volcanic Ash Advisory Centre.





SST





SST retrievals produced by Nesdis (MCSST in SATOB code) are received and are used in the global SST anomaly analyses. Some locally produced (in Edmonton) SST data from HRPT/AVHRR over a number of Canadian lakes are also assimilated. Interested in obtaining SST data from ERS-ATSR (now obtained from Web), ENVISAT-AATSR and from MODIS. Work is underway to use ATSR data in operational SST analyses, with increased horizontal resolution (same as regional model grid). Permission to acquire AATSR has been granted by ESA.





Scatterometer





ERS-2 data no longer available. Now obtaining QuikScat data from Nesdis. Data impact studies will be done in the coming months and may be implemented during Fall 2002. Interested in obtaining ADEOS-II SeaWinds and METOP ASCAT data when available.





AMDAR 





AMDAR/ACARS data received via GTS. Temperature and wind data assimilated operationally. Thinning is 1.5 degree boxes, 16 vertical layers, 3 hour time window.





Significant progress currently being made in the implementation of a Canadian AMDAR program. Air Canada Regional (now called Air Canada Jazz) now has 21 DASH-8 aircraft reporting data. Full implementation was delayed due to software problems but the full Air Nova DASH-8 fleet (about 25 aircraft) to report by mid-summer 2002. Once available, the data will be monitored, assimilated and will be distributed (BUFR or AMDAR code) on GTS. Discussions are progressing to expand the program to the Canadian West coast (Air BC) as well as Northern Canada (First Air).





Radar





USA radar data now received at CMC via NOAAPORT dish. Some Canadian radar data are available at CMC and some are transmitted to NWS via internet. Digital data from all Canadian radar sites to be available at CMC within 2 years.





Ice analyses





CMC Global ice analyses are done once a day (00 UTC), at roughly 35 km resolution, using SSM/I retrievals as well as data from analyses produced by the Canadian Ice Service (CIS), CIS analyses are produced with Radarsat and ERS-2 SAR data, as well as AVHRR and DMSP (SSM/I and OLS) data. CIS data are received daily on a 10 km grid covering limited areas following the ice edge. Typically, they cover the Gulf of St-Lawrence, Labrador and Newfoundland coasts, Davis Strait, Baffin Bay and the Great Lakes, depending on the time of year. Data volume is about 1200 points a day. In addition, CIS provide weekly ice cover data over 135 selected Canadian lakes (about 18 more lakes have been recently added by CIS). Discussions are also underway with NIC to obtain NIC ice analyses.





The ice data received by CMC from CIS also contain information about the ice stage. This information is converted into ice thickness for use in the new CMC ice thickness analysis. The ice thickness climatology has been derived from GCM runs. (Greg Flato, MSC Climate Modelling and Analysis Division) 





Canadian ozone sounding data





Ozone soundings are done at 6 Canadian stations, usually once a week (Wednesday mornings, weather permitting). The soundings can be delayed by a day on occasions. An experimental system has been set-up to transfer the data from the WODC in Downsview to CMC, where the are re-encoded into CREX format. The CREX bulletins (KULA01 CWAO) are then transmitted on the GTS. The stations are: YYR (Goose Bay), YXD (Edmonton), YLT (Alert), YEU (Eureka), YYQ (Churchill) and YRB (Resolute).








Other data of interest to MSC/CMC, when available:





GMS imagery, (MTSAT-1R: imagery and radiance)


SSM/IS


AIRS+AMSU-A+HSB


AMSR-E on AQUA (EOS-PM) and AMSR on ADEOS-II


MODIS products (SST, snow)


ENVISAT data and products (AATSR, ASAR (ice) and GOMOS)


METOP data (IASI+AMSU+MHS+HIRS+AVHRR+ASCAT+GRAS+GOME)


MSG data (imagery and radiance)


SMOS data (soil moisture)


HYDROS (soil moisture and freeze/thaw conditions)








4.	Supercomputer and telecommunications





MSC supercomputer system now consists of 2 NEC SX-5/16 (128 GFlops and 128 Gbytes memory each) and 1 NEC SX-4/32 (64 GFlops and 8 Gbytes memory). CMC operational suite is on SX-5`s since mid-February 2001. A NEC SX-6 cluster has recently been installed and consists of 10 SX-6 nodes (64 GFlops, 8 processors and 64 Gbytes memory per node). Operational suite will migrate to SX-6 cluster during Summer 2002. SX-4 to be removed at that time.





GTS link with NWS/OPS is at 64 kbps. There is also a 256 kbps link (NAIL) between CIS and NIC (exchange of SSM/I and Radarsat data). A third link at 64kbps between UKMO and CMC for exchange of METEOSAT/GMS/GOES imagery, and CMC Ice analysis in GRIB (400x200). The 64k GTS link is heavily used. New links with NWS and/or NESDIS (T1) are considered and discussions are underway.





� PAGE �5�	Verner - MSC/CMC











