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Environment and Climate Change Canada (ECCC) implemented major upgrades to its weather and environmental prediction systems on June 11, 2024, bringing over 100
scientific innovations in more than 30 atmospheric, oceanic, hydrological and surface forecasting systems. Refinements to radiance data assimilation methodologies were
done in two operational deterministic (global and high-resolution) systems using an 4D-EnVAR analysis scheme and one ensemble (global) system using a LETKF analysis
scheme. They include updating the RTTOV observation operator to version 13 as well as the use of RTTOV-SCATT, extending all-sky assimilation to ATMS temperature channels
5 and 6 and MHS humidity channels, the use of purely flow-dependent background error covariances and, for the ensembles, their own separate processing of observations.
Moreover, the FSOI system was upgraded to use a wet norm, and a new norm was added between 100hPa and 1hPa for the Global domain, while an automatic anomaly
detection was added to the PSMON observation monitoring system.
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scale 4D-EnVar HRDPS: With IC-4, Assimilation cycle now using boundary
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_ Against ECMWF-v2-ope | gnalysis over the world. The standard deviation (solid lines) and
bias (forecast minus analysis; dashed lines) are shown for u-wind
component (UU; upper left panels), relative humidity (HR; upper
right panel), geopotential height (GZ; bottom left panel),
temperature (TT; bottom right panel). Scores are averaged over all
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§§§§ t:)at versgigr} 9.0.gdhas d Ilowle;(qhigher) _bia; cirost;ndsrd deviation Contours of standard-deviation error (STDE) differences of temperature (T), relative humidity (HR) and wind (UU) versus
o . : : 0.0 a_ oye_ a o‘_’ confidence level than verS|on_ -4-8. N0 bOX means ho ECMWEF operational analysis from the surface to 1 hPa as a function of forecast lead time during the extended fall-to-
RTTOV upgraded from VEersion 12 tO Version 13 ?080'.2 IR significant difference between the two versions. spring 2021-2022 season. Red (blue) mean that GDPS 9.0.0 leads to lower (higher) STDE value than GDPS 8.1.0.
- All-sky assimilation for ATMS temperature and AMSUB/MHS humidity channels o . . . . o . . .
h hy badi and . pd y 3008 = % Comparison against ECMWF operational analysis shows significant improvements in the STDE for nearly all heights, variables, and lead-
(S a abadl an Bl_Je ner, 2(_)21 and 2024)  looomm ] . times in the troposphere. There is a slight tendency towards tropospheric warming due to a newly introduced correction related to the
* Optimal use of radiosondes in BUFR %§§§§§ \; °°| double application of deep convection trends in the GEM model. For the upper stratosphere, significant improvements in the STDE of the
« Use of all available SYNOP BUFR reports s 100 = = wind, geopotential and temperature are also seen in all regions, notably in the Tropics (not shown). Improvements in upper tropospheric
- Modifications of hyperspectral infrared QC to cope with albedo changes lgggg = temperature STDE and mean bias are partly related to the transition to a fully ensemble-derived B matrix for the 4D-EnVar. A moistening
. Assimilation of SWOB and METAR reports 7000 o bs - tendency and a reduction in standard deviation of RH around the tropopause level are related to the correction to the water saturation
L e e s L * functions and the correction of the minimum humidity threshold for Bens.
GZ (dam)
Ozone

« Applying piecewise weighted averaging interpolation as alternative to piecewise

inear interpolation (Rochon et al, 2007) Assimilated radiance data R&D innovations towards IC-5

« Applying weighted integration to total column ozone observations as strong

constraint on increment profiles e S B R R TR BN AS IR 7o o
EnVar-related changes s
. Vari h v Upgrade to RTTOV v14
arots chanhges . . . . - * Use of the latest version of the radiative transfer model.
- Background error covariances : Using a fully ensemble-derived B in
4DEnvar instead of NMC - Addition of new satellite observation sources

- A small reduction of the horizontal localization for the largest scales
- Using the same vertical levels as in GEPS (84 staggered hybrid levels

S s alserEtiane: = 57,50 e Addition of sea surface wind observations from the HSCAT scatterometer of

. . o . . Terrestrial based observations: ~12,5% the HY-2B and HY-2C satellites.
instead of 80) for.the computation of the anegSIS increments and in quality These tables indicate the current usage of the various * Addition of ozone total column observations from the OMPS instrument of
control for obs-mlnus-backgrqund Cpmputatlon instruments assimilated into the global, regional and high- the NOAA-21 satellite
- Removal of the Hessian mqtrlx Cy(?“ng _ o _ resolution deterministic systems. Instruments written in  Addition of NOAA21 ATMS and CriIS-FSR radiances
) Refe-rence state for the radiance b!as correction CoefﬁClen_tS computation: green background are planned for on-the-fly  Addition of microwave radiances sensitive to water vapor from FY-3D and
Moving from 3DVar to 3DEnVar with a fully ensemble-derived B implementation within the next year. EY-3E DBNets
 Correction to the minimum humidity threshold for B Use of Microwave Sounder radiances .
« Correction to the water saturation functions T T Channels All-sky for ATMS humldlty c.:ha.nnels o |
« Use of 25 km (instead of 39 km) ensemble of backgrounds from the new | Noanasasas || sea/'°t°p° se'd » * Extension of all-sky assimilation to ATMS humidity channels (Shahabadi
GEPS “ﬂe;f\i'_i/gc ' ’ and Buehner, 2021 and 2024)
MHS Metop-B/C Yes 2,5 3,4 Yes
IV U R o e -~ 5 6 Continuous development of MIDAS (Buehner et al., 2025)
FSOI https://hpfx.collab.science.gc.ca/~smco500/psmon/FSOI_monitoring wwrss | noooatons | T | 101415 1113 " * Finalisation of integration of the quality control processing and thinning
Rl procedure for all radiance instruments data.
 The wet norm used in addition to the dry norm TV e et * Better modularity and consolidation will improve and ease future work in
- Addition of a new norm from 100hPa-1hPa for Global domain nstrurmentsl [ Satallies Channels data assimilation development.
» Use of simplified observation error covariance matrix R for radiance observation o | owears | no | s E— S

A unified global sea ice concentration analysis

Ensemble * Currently, there is a 10-km global sea ice concentration analysis and a 5-km
regional analysis. The proposal is to increase the resolution of the global
analysis such that it would fulfil the needs of all applications in a single

Use of Geostationary infrared radiances

 Global Horizontal resolution of 25 km instead of 39 km

. Channels
Instruments Satellites

* Its own separate treatment of observations (background check, bias correction, sea/low topo __sea/land !
etc ) SEVIRI MeteoSat-9/11 6.2,73um | N/A Yes anaIyS|s.
* Upgraded EnVAR and revisited a hybrid gain approach Bl GOES-16, GOES-18 62,69,73um Yes No

Removal of static bias correction of high-peaking channels

AHI Himawari-9 1 6.2,6.9,73um Yes No ° . HP
PSMON https://hpfx.collab.science.gc.ca/~smco500/psmon/monitoring/g2 Currently static for AMSU-A ch. 13-14 and ATMS ch. 14-15 (coefficients
based on air-mass predictors) to prevent bias drifts. All other radiances
- New observations monitoring system with automatic anomaly detection [Use of Hyperspectral Infrared Sounder radiances | dynamic.
Instruments Satellites DBNet LW (CO2) LWT\:JV'::II:T;;Ch::\:‘ve(IiIZO) SW (€02) * Planned usage of Weighted averages of dynamic and static bias correction
land ___ocean land ocean land _ocean _land _ocean (ultimate goal would be purely dynamic bias correction for all radiances).
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