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The Global Ensemble Prediction System (GEPS) version 7.0
of the Meteorological Service (MSC) of Canada

GEPS 7.0 was implemented at MSC Canadian Meteorological Centre (CMC) operations on
December 1st, 2021 (1200 UTC run).

¢ Atechnical note describing the latest modifications made to the Global Ensemble
Prediction System (GEPS-7.0) is available here:

http://collaboration.cmc.ec.gc.ca/cmc/cmoi/product_quide/docs/tech _notes/technote geps -
700_e.pdf

e The mostrecent changes to CMC operational suite of prediction systems are described
here:

https://eccc-msc.qgithub.io/open-data/msc-data/changelog_nwp_en/

e Laversion frangaise de cedocumentestici:

http://collaboration.cmc.ec.gc.ca/cmc/CMOI/product _guide/docs/tech_specifications/tech specific
ations_ GEPS 7.0.0 f.pdf

The assimilation part of the GEPS is described in section 1 below, while the forecast component
is in section 2. Also, some information on the reforecast procedure can be found in section 3. A
list of references is included at the end of the document.

1. Dataassimilation component
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(Houtekamer et al. 2009). The length of the assimilation window
is 6 hours.

The ECMWF-hybrid gain (Houtekamer et al., 2018) approach is
modified. In the current uparade, the uncertainty in the analysis
algorithm is sampled by translating LETKF analyses of different
members over different - randomly selected -distances to the
average of the ADEnVAR analysis and the mean of the
ensemble. As before, the mean position after recentering is
identical to the average of the 4DEnVAR analysis and the mean
of the ensemble of LETKF analyses. The 4DEnVar analysis is
produced on the same model grid as for the LETKF while using
the ensemble mean background trajectory from the LETKF as
first-guess.

Initialization procedure

Incremental analysis update (IAU) (Bloom et al. 1996,
Buehner et al. 2015)

Variables T, Ps, U, V and g (specific humidity).
Levels 84 hybrid levels. Model lid at 0.1 hPa.

New
Domain Global
Grid Yin-Yang grid at 0.35° uniform resolution (~39 km)
Frequency Every 6 hours using data +3 hours at 00, 06, 12 and 18 UTC.
Cut-off time 7 hours for final analyses at 00, 06, 12 and 18 UTC.

3 hours for forecast runs twice a day, at 00 and 12
UTC.Twenty representative members are chosen among
the 256 analyses to initialize the medium-range forecasts.
The average of this subset of analyses is constrained to be
equal to the 256 member analyses ensemble mean.

2 hours for an early forecast run four times a day at 00, 06,
12, 18 UTC. The analyses of subsampled twenty members
are used to initialize the 72-hour forecasts. This early
forecast run provides analyses and pilot fields for the
regional ensemble prediction system.

Processing time

~25 minutes analysis (with a maximum of 3868 cores) plus ~25

New minutes for model integration to produce trials (with 256 x 80
cores) on the supercomputing back-end (banting/daley).
Data used For LETKF: Radiosonde upper-air, Radiosonde surface, Surface,

Aircraft, Satellite wind, oceanic wind Scatterometer, ATOVS level
1b (AMSU-A and AMSU-B/MHS) (GLOBAL and RARS sources),
GPS-RO, ATMS, AIRS, IASI, CrIS.

For EnVar (in LETKF for recentering) 3 other types of
observations (ground-based GPS-RO , CSR, SSMIS) are used in
addition to the ones listed abowe.
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2. Forecastcomponent

Formulation Hydrostatic primitive equations.
Domain Global
Numerical technique Finite differences: Arakawa C grid in the horizontal and

Charney-Phillips grid in the vertical.

Grid Yin-Yang grid at 0.35° uniform resolution (~39 km)

Time integration Implicit, semi-Lagrangian (3-D), 2 time-level, 900 seconds
per time step (C6té et al., 1998a and 1998b).

Prognostic variables E-W and N-S winds, temperature, specific humidity and
logarithm of surface pressure, liquid water content,
Turbulent kinetic energy (TKE).

Derived variables MSL pressure, relative humidity, geopotential height, dew
point depression, dew point temperature, QPF,
precipitation rate, omega, cloud amount, boundary layer
height, relative vorticity
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Surface and deep soil temperature and moisture. Snow
depth, snow albedo and snow density:

- Derived from analyses
, at initial time,

Predictive soil variables from ISBA scheme (Noilhan and
Planton, 1989; Bélair et al. 2003a and 2003b);

Seaice thickness:
- Derived from climatology at initial time, fixed in time

Sea surface temperature

- Initially from the CMC GIOPS analysis (Smith et al.
2016) and then from the oceanic component of the
GEPS.

Seaice cover

- Initially from the CMC GIOPS analysis (Smith et al.
2016) and then from the sea-ice component of the
GEPS.

Orography, surface roughness length (except over water),
subgrid-scale orographic parameters for gravity wave
drag and low-level blocking, vegetation characteristics,
soil thermal and hydraulic coefficients, glaciers fraction

- Derived from a variety of geophysical recent data bases
using in house software, fixed in time

Horizontal diffusion Del-6 on momentum and temperature variables, except

Del-2 applied on temperature and momentum variables at
the lid (top 4 levels) of the model.

Radiation Solar and infrared using a correlated-k distribution (CKD)
(Li and Barker, 2005).
Surface scheme Mosaic approach with 4 types: land, water, sea ice and

glacier (Bélair et al., 2003a and 2003b).
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Ensemble perturbations for the forecasts (new):

e Forecasts for 20 members (1->20) are produced. They differ in their initial
conditions, their physics parameters which are randomly perturbed by SPP (see
Appendix A below for a list of parameters perturbed in GEPS 7.0).

¢ The modified SKEB is also applied with different seeds (Charron et al. 2010). The
contribution of the deep convective momentumtransfer on the local rate of change
of kinetic energy was added to the contributions of the explicit diffusion and
parameterized gravity wave drag, as proposed by Shutts (2004), and a parameter
controlling the final tendencies produced by the scheme was readjusted to boost
its impact on ensemble spread

e Control member 0O is driven by the ensemble mean analysis from recentered
LETKF analysis. There is no additional model uncertainty added to the control.

e Each memberis initialized with a different set of atmosphericinitial conditions from
the recentered global LETKF analyses (see section 1). All ensemble members
have the same ocean and ice initial conditions from CMC GIOPS analysis.

3. Reforecast system

A reforecast procedure similar to that described in Hagedorn (2008) has been in place since 2015 (see
Gagnon et al. 2013b and Gagnon et al. 2014b). As in GEPS 6.1, the reforecast covers 20 years with 4
integration members of 32 days once a week (Thursday 00Z) to generate a historical database of 80
reforecasts for a given date as explained in Gagnon et al. (2014b). The 4 members (instead of 20) are
executed to minimize the computational cost. The reforecast system shares almost all the innovations
introduced in the 16-day forecasting system, the main ones being the physics update in GEM 5.1.0, and
how to quantify the model error and error in the initial conditions. The different atmospheric initial
conditions for the 4 members are obtained by adding random isotropic perturbations (see section 3a of
Houtekamer et al. 2009) to the ERAS5 re-analyzes. As in the medium-range system, the amplitude of
random isotropic disturbancesis also reduced. Also, as in the 16-day forecast system, the
Stochastic Parameter Perturbation (SPP) method replaces the Physics Tendency Perturbation (PTP).
The Incremental Analysis Update (IAU) is however not used in the reforecast.

The oceaninitial fields come from the ORASS5 ocean reanalysis (Zuo et al. 2015). The seaice concentration
initial fields are the Had2CIS, which was prepared by Woo-Sung Lee of CCCma, who combined the
digitized seaice charts from the Canadian Ice Senvice (CIS) withthe HadISST2.2. The original HadISST2.2
employs an ice chart-based bias correction of the passive microwave record (Titchner and Rayner 2014).
The monthly HadISST2.2 data, the digitized CIS weekly seaice charts over the Arctic region and the weekly
CIS "Great Lakes ice charts" over Great Lakes are interpolated to daily data before the combination. The
sea ice thickness is interpolated from the monthly ORASS5 data. The near surface air temperature from
ERADS and the snow depth from SPS are used for the initialization of these variables over seaice in CICE.
For the period starting January 2016, the sea ice concentration comes from the CMC GIOPS analysis. As
the ORASS and the Had2CIS seaice have a similar climatology as the GIOPS analysis, such change in
data source does not cause significant discontinuity in the reforecast behavior.

As in GEPS 6.1, the land surface initial conditions are generated by running the offline Surface Prediction
System (SPS; Carrera et al. 2010) but they are now forced with the ERAS reanalyses. The forcing is also
now at the lowest model level, rather than the diagnostic level. This helps with the consistency in surface
initial conditions between forecast and reforecast. This off-line system includes a land surface scheme,
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ISBA (Noilhan & Planton, 1989 and Noilhan and Mahfouf, 1996), as well as aseaice and a glacier schemes.
Each of these schemes is used in the GEM model itself.

Appendix A Description of parameters and algorithms perturbed with the SPP scheme.

The following is ashortened list of Table 3in the paperby McTaggart-Cowanet al. (2022a). The "Range" column
refers to the limits imposed on perturbations’ distribution F , the "Time" column to the autocorrelation decay time
scale (t),and the "Shape" column to the parameter controlling the shape of the field distribution (y=1implies a
uniformdistributionand y=2abell-shaped distribution). .

Name Description Type Application | Range Time(h) | Shape

adv_rhsint Order of interpolation for Continuous | Error [-0.4,0.4] 24 2
semi- Model
Lagrangian advection

aero_mult Aerosol concentration for Continuous | Factor [0.5,1.5] 36 1
radiative transfer

cond_hcst Cloud condensatethreshold | Continuous | Value [5,15]x10-3 36 1
for autoconversionto rain kgkg-1

crad_mult Deep convective cloud Continuous | Factor [0.5,1.5] 36 1
radius

deeprate Cloud-rain autoconversion | Continuous | Value [0.005,0.015] s™* | 36 1
rate in deep convection

dpdd_mult Downdraft detrainment Continuous | Factor [0.5,1.5] 36 1
depth for deep convection

fh_mult Turbulentsurface exchange | Continuous | Factor [0.5,1.5] 36 1
coefficient in the boundary
layer for scalars

fm_mult Turbulentsurface exchange | Continuous | Factor [0.5,1.5] 36 1
coefficientin
the boundary layer for
momentum

fnnreduc Turbulentfluxadjustment Continuous | Value [0.5,1.5] 36 1
for boundary layer clouds

huOmax Threshold relativehumidity | Continuous | Value [0.81,0.99] 36 1
for lowerlevel condensation

huOmin Threshold relativehumidity | Continuous | Value [0.75,0.95] 36 1
for upperlevel condensation

kfctrig4 Critical vertical motion for | Continuous | Value [0,0.1] ms! 36 2
deep convection over land

kfctrigwh Threshold convective Continuous | Value [-0.05,0.05] ms™ | 36 2
velocity scale for high-wind
conditions over water

kfctrigwl Threshold convective Continuous | Value [0,0.1] ms™* 36 2
velocity scale for low-wind
conditions over water

mid_minemf | Triggerthreshold for low- Continuous | Value [12, 110]x 10" kg | 36 1
CAPE convection ms*

ml_emod Boundary layer mixing Continuous | Error [-2.5,2.5] 36 1
length scale estimate Model
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rew_mult Cloud waterdroplet radius | Continuous | Factor [0.5,1.5] 36 1
for radiative transfer

rei_mult Effective cloud ice radius Continuous | Factor [0.5,1.5] 36 1
for radiative transfer

ricmin Critical Richardson number | Continuous | Value [0,0.5] 36 1
for laminar turbulent
transition

rmscon Velocity spectrumrms of Continuous | Value [0.2,1.8] ms™* 36 1

gravity waves at the
launchinglevel

sgo_phic Flow blocking by subgrid- | Continuous | Value [0.07,0.27] 36 1.39
scale orography
tkediff Turbulenttransport of Continuous | Factor [0,2] 36 1

turbulence kinetic energy
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