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1 Generalities

1.1 Highlights for 2014

May 2014 — Addition of IASI observations from METOP-B/1 to the operational data of the GDPS
and RDPS

Although IASI data from METOP-A/2 will continue to be assimilated into our forecast systems,
METOP-B/1 is now the operational METOP satellite of the EUMETSAT agency. The two satellites
METOP-A/2 and METOP-B/1 have similar trajectories, but offset by a half-orbit, so the addition of
METOP-B/1 IASI data will almost double the number of IASI data assimilated. Furthermore, this new
data adds robustness to the data assimilation system in the event of a failure of the IASI instrument
on-board either METOP-A/2 or METOP-B/1.

For details see section 2.1and 2.3.
November 2014 — Upgrade of the Global Deterministic Prediction System (GDPS)
Summary of the major changes included in this upgrade:

New 4D-EnVAR assimilation technique replaces 4D-VAR and coupling with the Ensemble Kalman
filter (EnKF) to obtain background-error covariances.

Changes to observations:

o Improved treatment of radiosonde and aircraft observations

o Assimilation of ground-based GPS data

o Improved satellite radiance bias correction procedure

o Additional AIRS/IASI channels assimilated

Changes to the forecast model:

o 4D Incremental Analysis Update (4D-IAU) approach.

o Recycling of several key prognostic variables

New sea-ice concentration analysis

For details see section 2.1.

November 2014 — Upgrade of the Global Ensemble Prediction System (GEPS)
Changes common to both the assimilation and forecast components
o Increase in the horizontal resolution (50 km instead of 66 km)

o Reduction of the model time step from 20 minutes to 15 minutes

o Addition of 3 physical processes for only half of the members: diffusion on theta fields, salinity
effect on the saturation specific humidity over the ocean and change in the calculation of the
roughness length over the ocean.

o New sea-ice concentration analysis
o Relaxation method used before interpolation of the surface fields
Changes installed uniquely into the data assimilation component ENKF

o Coupling with 4D-ENVAR to provide to the GDPS and the RDPS a flow-dependent background
error covariance

o Change to the model top (1.45 hPa instead of 1.78 hPa)

o Bigger ensemble (256 members instead of 192)



o Changes to observation bias correction and RTTOV operator

o Other minor changes: Cubic interpolation of 3D-VAR perturbations to higher resolution grid, 3D-
VAR humidity perturbations are no longer forced to zero between 200 and 100 hPa, and we now
use GPS-RO observations above 1000 m (instead of above 4000 m)

Changes installed uniquely into the forecast component
o Maodification to the sea-surface temperature evolution method
o Maodification to the sea-ice cover such that it evolves as a function of SST thresholds
o The SKEB scheme perturbations are reduced
For details see section 2.2.

¢ November 2014 — Upgrade of the Regional Deterministic Prediction System (RDPS)
Summary of the major changes included in this upgrade:

New 4D-EnVAR assimilation technique replaces 4D-VAR and coupling with the Ensemble Kalman
Filter (EnKF) to obtain background-error covariances.

Changes to observations:

o Improved treatment of radiosonde and aircraft observations
o Assimilation of ground-based GPS data

o Improved satellite radiance bias correction procedure

o Additional AIRS/IASI channels assimilated

New sea-ice concentration analysis

For details see section 2.3.

¢ November 2014 — Upgrade of the operational Regional Marine Prediction System - Gulf of
Saint Lawrence(RMPS-GSL) and the associated Regional Deterministic Prediction System -
Coupled in the Gulf of Saint Lawrence (RDPS-CGSL)

o The frequency of analysis and forecast runs is increased from one run per day (0000 UTC) to four
runs per day : 0000, 0006, 1200 and 1800 UTC

o The operational ocean model will change from Saucier et al model (MoGSL) to the Nucleus for
European Modeling of the Ocean (NEMO) Model

For details see section 2.7.
¢ November 2014 — Upgrade of the Regional Deterministic Precipitation Analsyis (RDPA (CaPA))

o This version will assimilate an additional source of important information, the quantitative
precipitation estimates (QPE) provided by the Canadian weather radar

o The number of analysis produced daily is increased from 9 to 10

For details see section 2.7.
1.2 Equipmentin use at the centre

1.2.1 Present
e Supercomputer platform

Two clusters each being an IBM P Series 775, 8192 Power7 cores, 32TB of main memory, 450TB of
high-performance GPFS parallel disk capacity. Operating system: AIX 7.



Front-end platform

Two Linux clusters, each with 80 compute nodes (Dell PowerEdge M610, 8 cores, 48GB of memory).
They use about 300 TB of disk space (SATA, SAS, SSD, fast I/0) through Infiniband.

High performance, networked, parallel file system consisting of 8 IBM System x3650 M2 1/O servers,
each with 16 processors and 24 GB of memory, plus 14 IBM 7870 blades each with 2 sockets with 8
cores and 36 GB of memory each held in two HS22 blade centres. There is 2.7 PB worth of SAS and
SATA disks attached over FC. The data is shared via GPFS/CNFS.

Summary of equipment in use at the Canadian Meteorological Centre

Computer Memory Disk Space
(GB)

IBM P Series 775, 16384 cores 65536 900 TB

2 Quantum 662 Meta Data Controlers 32 1.4 PB
Dell M610 blade, Intel E5530 @ 2.4 Ghz, 7680 300 TB
1280 cores

8 IBM System x3650 M2 I/O servers, 128 696 2.7PB
cores + 14 7870 blades 224 cores

Mass storage system

The Meteorological Service of Canada has been using a robotized storage/archive facility for
Environment Canada (operated out of CMC Dorval) since 1994 in order to store and secure critical
services and departmental data including: Numerical Weather Prediction data (essential to improve
forecasts); Climate change scenarios (including IPCC run results), the Climate Archive Database;
computer backups, logs and router and firewall logs/data (essential in the investigation of security
incidents, performance statistics, etc).

The system comprises two Quantum 662 Meta Data Controlers, each with 16 cores, 128 GB of
internal memory connected to these via fibre channel is 1.4 PB of high-performance disks. The two
tape libraries are Quantum Scalar i6000 with 4000 LTO tape slots and 12 LTO-5 drives each. The
hierarchical software manager is StorNext. As of December 31 2013, 16 PB of data was stored

(primary copy).

1.2.2 Plans for the future (next year)

Computer systems

The existing high performance, networked, parallel file system, as described above, will have the 8
older servers replaced by additional IBM blades. An additional 12 PB of disk storage will be provided
via a GPFS/CNFS cluster of 28 IBM servers.

Mass storage system

The mass storage system, as described above, will have each of the two libraries upgraded with dual
active robotics, 2200 additional LTO slots, and LTO-6 technology.




1.2.3 Plans for the future (next 4 years)
e Replacement of the Power7 supercomputer in 2015-2016

e A complete overhaul of the archiving system is forecasted for 2015-2016
1.3 Data and Products from GTS in use

1.3.1 Data

The following types of observations are presently used at the Centre. The numbers indicate the typical

amount of data (reports or pixels) received during a 24-hour period:

1.3.2 Products

SYNOP/SHIP 62,000
TEMP 1,260
PILOT 830
DRIFTER/BUOYS 41,000
AIREP/ADS 16,000
AMV’s (GEO & Polar) 1,951,000
SA/METAR 185,000
AMDAR/ACARS 469,000
PIREP 950*
PROFILER 144
GEO radiances 2,824,000°
ATOVS (AMSU-A) 2,330,000°
ATOVS (AMSU-B/MHS) 18,242,000°
SSMI/S 8,160,000*
AIRS (AQUA) 320,000
IASI (Metop-1/2) 648,000
ASCAT (Metop-1/2) 1,935,000
GPS-RO 2,150°

GRIB ECMF
GRIB KWBC
GRIB EGRR
FDCN KWBC
FDUS KWBC

1
2
3

Not assimilated
Clear sky radiances for 5 GEO satellites
Four NOAA satellites are assimilated, plus AMSU on AQUA, and Metop-2; obtained by ftp

* Three DMSP satellites (F16, F17, F18); obtained by ftp
s Data from COSMIC, GRACE-A, TERRASAR-X and METOP-1/2 GRAS
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U.S. Difax products

Significant weather forecasts

Winds/Temperature forecasts for various flight levels

1.4 System run schedule and forecast ranges

Assimilation and final analysis run schedule

(all times in UTC)

Description

Name

Time

Cut-off

Remarks

Global assimilation

G2

00, 06, 12, 18

00, T+9:00
12: T+8:15
06,18:
T+6:00

Details section 2.1

Regional assimilation

R2

00, 06, 12, 18

00,12:
T+3:05
(same as G1)
06,18:
T+6:00
(same as G2)

Details section 2.3

Regional final analysis

R3

00,12

T+7:00

Details section 2.3

Global ensemble assimilation

E2

00, 06, 12, 18

00, T+9:00
12: T+8:15
06,18:
T+6:00
(same as G2)

Details section 2.2

CanSIPS assimilation

M2

00

T+9:00

Details section 2.9

Regional deterministic
precipitation analysis

RDPA

00, 06, 12, 18

T+50min
(final T+6:50)

Details section 2.7

Forecast run schedule

(all times in UTC)

Description Name |[Time Cut-off Forecast period Remarks
Global G1 00,12 |T+3:05 240 hours at 00 Details section 2.1
360 hours at 00 on |All products available
Sundays at T+5:00.
144 hours at 12
Regional R1 00,12 |T+2:00 48 hours Details section 2.3
06,18 54 hours All products available
at T+3:30.
Local WH 06,18 [NA 42 hours Details section 3.5
high resolution EH 12 24 hours (experimental GEM-
AH, MH |06 24 hours LAM 2.5 km)
(West window “WH”
operational)
Global ensemble |E1 00,12 |[T+3:05 16 days Details section 2.2
32 days on Thursday
at 00
Regional ER 00,12 |[NA 72 hours Details section 2.4
ensemble
Air quality GM 00,12 [NA 48 hours Details section 2.7




WAM fed by the |WG 00,12 [NA 120 hours Details section 2.7

GDPS

WAM fed by the | WR 00,12 ([NA 48 hours Details section 2.7

RDPS 06, 18 54 hours

Monthly M1 00 T+9:00 One month Details section 2.8
Produced at the
beginning and middle
of every month.

Seasonal MA 00 T+9:00 3 month periods Details section 2.9

covering 1 year Produced at the

beginning of every
month.

Nowcast INCS Every |T+17min 6 hours forecasts Details section 2.6

hours
Gulf of GF 00 NA 48 hours Details section 2.7
St-Lawrence

1.5 Annual verification summary

Obijective verification of the operational numerical models is carried out continuously at the
CMC. CMC participates in a monthly exchange of NWP verification data following WMO/CBS
recommendations originally implemented in 1987. The table below is a summary of the CMC
verification scores for 2014. The data in the table is based on standards established in 1998. A
new set of standards has been adopted and these are being implemented by the participating

NWP Centres. CMC expects to adopt the new standards in the near future.




Verification summary - 2014
Canadian Meteorological Centre
Global Deterministic Prediction System (25 km, L80)

Verification against analysis

Area Parameters T+24h T+72h T+120h
oouUTC 12UTC oouTC 12UTC 0oUTC 12UTC
N. Hemisphere RMSE (m), GZ, 500 hPa 7.3 7.4 21.9 21.8 44.1 43.9
RMSVE (m/s), Wind, 250 hPa 3.6 3.6 7.9 7.8 12.8 12.8
Tropics RMSVE (m/s), Wind, 850 hPa 2.4 2.4 3.7 3.6 4.6 4.5
RMSVE (m/s), Wind, 250 hPa 4.0 4.0 6.5 6.5 8.1 8.1
S. Hemisphere RMSE (m), GZ 500 hPa 9.5 9.4 27.9 27.6 55.2 55.3
RMSVE (m/s), Wind, 250 hPa 3.8 3.8 8.5 8.5 14.0 14.0
Verification against radiosondes
Network Parameters T+24h T+72h T+120 h
00UTC 12UTC 00UTC 12UTC 00UTC 12UTC
N. America RMSE (m), GZ 500 hPa 8.8 9.5 219 21.6 42.4 425
RMSVE (m/s), Wind, 250 hPa 5.8 5.7 10.0 9.8 15.2 15.0
Europe RMSE (m), GZ 500 hPa 10.7 10.5 23.2 22.7 45.9 44.3
RMSVE (m/s), Wind, 250 hPa 5.3 5.0 9.8 9.5 15.6 15.2
Asia RMSE (m), GZ 500 hPa 12.5 12.4 22.2 215 38.6 37.6
RMSVE (m/s), Wind, 250 hPa 5.7 5.7 9.0 8.9 12.8 12.8
Australia - N.Z. RMSE (m), GZ 500 hPa 10.0 12.9 17.2 20.7 31.2 37.9
RMSVE (m/s), Wind, 250 hPa 5.5 5.7 8.5 8.5 12.4 12.3
Tropics RMSVE (m/s), Wind, 850 hPa 4.0 4.0 4.9 4.7 5.6 5.4
RMSVE (m/s), Wind, 250 hPa 5.7 5.7 7.4 7.4 8.6 8.8
N. Hemisphere RMSE (m), GZ 500 hPa 11.9 11.8 23.9 23.3 45.1 44.4
RMSVE (m/s), Wind, 250 hPa 5.4 5.4 9.3 9.2 14.2 14.1
S. Hemisphere RMSE (m), GZ 500 hPa 115 12.9 21.1 23.4 37.3 42.7
RMSVE (m/s), Wind, 250 hPa 5.8 5.9 8.9 9.2 13.1 13.4
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2 Operational Forecasting System
2.1 Global Deterministic Prediction System (GDPS)

2.1.1 Data assimilation and objective analysis

GDPS — Assimilation — Version 4.0.0

Assimilation 4DEnVar, no outer loop (70 inner-loop iterations), increments computed
approach every hour.
Data assimilated at 18 minutes intervals in a 6 hour assimilation window.
See Buehner et al. (2013a and 2014).
Variables T, Ps, U, V and log q (specific humidity)
Domain Global
Levels 80 hybrid levels of the GEM model

Analysis increment
horizontal grid

0.45° x 0.45° Gaussian grid

Trial fields 9-hour forecast (see section 2.1.2 for details on the model characteristics)
Assimilated AMSU-A (11), AMSU-B (4), MHS (4) , SSMIS (7), geostationary imagers
radiance data (1), AIRS (142), IASI (142)

(number of

channels)

Other satellite data

GPS-RO refractivity, AMVs, scatterometer winds, ZTD from GB-GPS over
North America

Other data used

TEMP, PILOT, SYNOP/SHIP, BUOY/DRIFTER, ASCAT, aircraft data

Treatment of
radiosonde and
aircraft data

Radiosonde: use appropriate measured or computed time and horizontal
position for each pressure level.
Aircraft: static temperature bias correction

Satellite radiance
bias correction

Coefficients computed from Obs-minus-Analysis using a separate 3DVar
analysis that does not include radiances, based on last 7 days, 2 times per
day, except static for AMSU-A channels 13-14

Background-error
covariances

Surface to ~40hPa: Average of NMC method covariances and 4D
ensemble covariances from 256 ensemble members (EnKF) every hour
over the 6 h assimilation window;

Above ~10hPa: Only the 3D NMC method covariances

Cut-off time 3 hours for forecast runs. 9 hours for final analyses at 00/12 UTC and 6
hours at 06/18 UTC.
Frequency Every 6 hours using data 3 hours from 00 UTC, 06 UTC, 12 UTC and 18

UTC.

Processing time

17 minutes for the analysis as such using 640 cores (not including
processing of data, background check, treatment of the EnKF members
and so on).

1.2 Model

GDPS - Model — Version 4.0.0

Model initialization
scheme

4D-IAU (Incremental Analysis Update) applied over 6 hour
assimilation window (i.e. T-3 h to T+3 h).

This allows the recycling of a variety of physics variables:

Total condensate, Turbulent kinetic energy, Turbulence regime,
Mixing length, Friction velocity and PBL height

Formulation

Hydrostatic primitive equations.

Domain

Global.

Numerical technique

Finite differences: Arakawa C grid in the horizontal and Charney-
Phillips grid in the vertical (Charney and Phillips, 1953)..
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Grid

Uniform 1024 x 800 latitude-longitude horizontal grid. Horizontal
resolution is 0.35° in longitude and 0.225° in latitude, which is
equivalent to 25 km resolution at mid latitudes.

Levels

80 hybrid levels. Model lid at 0.1 hPa.

Time integration

Implicit, semi-Lagrangian (3-D), 2 time-level, 720 seconds per time
step (Coté et al., 1998a and 1998h).

Independent variables

X, ¥, n and time.

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, QPF, precipitation rate, omega,
cloud amount, boundary layer height and many others.

Geophysical variables:

Derived from analyses at
initial time, predictive

Derived from climatology
at initial time, fixed in time

Derived from analyses,
fixed in time

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

Surface and deep soil temperatures, surface and deep soil moisture
ISBA scheme (Noilhan and Planton, 1989; Bélair et al. 2003a and
2003b); snow depth, snow albedo, snow density.

Sea ice thickness.

Sea surface temperature, ice cover.

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.

Horizontal diffusion

Del-6 on momentum variables only, except del-2 applied on
temperature and momentum variables at the lid (top 6 levels) of the
model.

Orographic gravity wave
drag

Parameterized (McFarlane, 1987; McFarlane et al., 1987).

Non-orographic gravity
wave drag

Parameterized (Hines, 1997a,b).

Low level blocking

Parameterized (Lott and Miller, 1997; Zadra et al., 2003) with
enhanced drag coefficient (Wells et al., 2008; Vosper et al. 2009).

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).

Surface roughness length
over water

Charnock formulation except ZOT constant in the Tropics.

Turbulent mixing (vertical
diffusion).

Based on turbulent kinetic energy (Benoit et al., 1989; Delage,
1988a and 1988b) with mixing length from Bougeault-Lacarrére
(1989; see also Bélair et al, 1999) except near the surface and in
the upper-troposphere. Includes Richardson number hysteresis
(McTaggart-Cowan and Zadra, 2014).

Shallow convection

1) Turbulent fluxes in partially saturated air (Girard, personal
communication).
2) Kuo Transient scheme (Bélair et al., 2005).

Stable precipitation

Sundqvist scheme (Sundqvist et al., 1989; Pudykiewicz et al., 1992.
For QPF evaluations see Bélair et al., 2009).

Deep convection

Kain & Fritsch scheme. (Kain and Fritsch, 1990 and 1993).

12




2.1.3 Statistical techniques and products

Analyses

A series of classic analysis products are available in electronic or chart form (snow depth and snow
cover, sea surface temperature, ice coverage, MSLP and fronts, 1000-500 hPa thickness,
geopotential height, temperature and winds at different pressure levels).

Forecasts

A series of classic forecast products are available in electronic or chart form (MSLP and 1000-500
hPa thickness, 500 hPa geopotential height and absolute vorticity, cumulative precipitation over given
periods and vertical velocity, 700 hPa geopotential height and relative humidity).

A wide range of bulletins containing spot forecasts for many locations are produced. As well, other
specialized products such as precipitation type and probability of precipitation forecasts, temperature
and temperature anomaly forecasts are produced.

Several calculations using SPOOKI (see following item in this section) are now available until 192
hours at 00 and 12UTC:

o Total Totals , George-K and SWEAT indices, since September 2013.

o Freezing levels, wind chill and instantaneous precipitation types according to the Bourgouin
method, since April 2014.

SPOOKI

A new production system has been developed over the past few years to standardise and unify the
production of calculations described above. The system called SPOOKI stands for "Systéme de
Production Orienté Object contenant une Kyrielle d’Informations" — Object oriented production system
containing a myriad of informations. It is based on a modular approach where each "plug-in"
component is specialized, reusable and autonomous. These object oriented programming
characteristics simplify the maintenance of the system.

A first version of this system has been implemented in 2013 to produce summer and winter severe
weather calculations as described above.

Perfect Prog

6 h and 12 h probability of precipitation forecasts at the 0.2, 2 and 10 mm thresholds, at all projection
times between 0 and 144 hours at 00UTC, and between 0 and 72 hours at 12UTC (Verret, 1987). An
error feedback system is applied on the probability of precipitation forecasts to remove the biases
(Verret, 1989). Consistency is forced between the 6 h and the 12 h probability of precipitation
forecasts using a rule based system which favors forecasts sharpness.

Spot time total cloud opacity at three-hour intervals between 0 and 72 hours (12UTC) or 144 hours
(OQUTC) projection times (Verret, 1987). An error feedback system is applied on the forecasts to
remove the biases and to force the forecasts to show the typical U-shaped frequency distribution like
the one observed (Verret, 1989).

Spot time surface temperatures at three-hour intervals between 0 and 72 hours (12UTC) or 144 hours
(OOUTC) projection times (Brunet, 1987). An anomaly reduction scheme is applied on the forecasts
so that they converge toward climatology at the longer forecast hours.

Stratospheric ozone is used to calculate the Canadian UV Index (Burrows et al., 1994).
Model Output Statistics (MOS)

For the global system, the 2-m temperature is post-processed using the UMOS (Wilson and Vallée,
2001 and 2002) package. This is done at three-hour intervals from 0 to 144 hours for the two GDPS
runs (00 and 12 UTC). Note that the other weather elements from the global model (winds, probability
of precipitation and cloud cover) are statistically post-processed using the Perfect-Prog method.
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Before implementing a new version of the numerical model, the statistics are updated using R&D final
tests.

Automated computer worded forecasts - SCRIBE

A system, named SCRIBE, is running at all the Regional Weather Centres in Canada to generate a
set of automated plain language forecast products from a set of weather element matrices for days 3
to 7 inc. for the public forecast and for days 3 to 5 for the marine forecast (Verret et al., 1993; 1995;
1997). See the following section Weather element matrices. SCRIBE is the main tool for operational
public and marine forecast preparation. Operational meteorologists use an interface to add value to
the automated forecast as required. Once the meteorologist has reviewed the weather elements,
SCRIBE generates the forecast products automatically.

Weather element matrices

An ensemble of weather element matrices including statistical weather element guidance, direct
model output parameters and climatological values are prepared at a 3-hour time resolution at 1426
points in Canada and over adjacent waters. The data is valid at the projection times between 0 h and
144 h. Included in the weather element matrices are: climatological maximum / minimum
temperatures on a local time window; statistical spot time temperature forecasts; maximum /
minimum temperature forecasts calculated from the spot temperatures on a local time window;
climatological frequencies of a trace or more of precipitation over 6-h and 12-hour periods;
climatological frequencies of 10 mm or more of precipitation over 12-hour periods; statistical spot
cloud opacity; statistical forecasts of probability of precipitation over 6-hour and 12-hour periods at the
trace and 10 mm thresholds; model precipitation amounts; model cloud ceiling height, Showalter
index; vertical motion at 850 hPa; conditional precipitation type; various thicknesses; wind direction
and wind speed at the surface; model surface dew-point depression; Canadian UV index; model total
clouds; 6-hour and 12-hour diagnostic probability of precipitation; model surface temperature, model
temperature and dew-point depression near -level 0.97; sea surface temperature; ice cover; snow
depth; wave height forecasts and freezing spray accumulation forecasts. These matrices are
disseminated to the Regional Weather Offices where they are used to feed an interactive system for
composition of meteorological forecasts called SCRIBE (Verret et al., 1993; 1995 and 1997).
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2.2 Global Ensemble Prediction System (GEPS)

2.2.1 Data assimilation and objective analysis

Method Ensemble Kalman Filter is used to do the analyses to initialize the
global ensemble forecasts. A trajectory of 3 to 9 hour forecasts with
GEM (Houtekamer et al., 2014; Houtekamer et al., 2009) is used as
trial fields to assimilate perturbed observations. An ensemble of 256
trial fields is run with different model configurations (see below for
more details). The time step of these models is 15 minutes. They are
subdivided in 8 sub-sets of 32 members (model configurations).
Also, additional perturbations are added with homogenous isotropic
model error random fields (Houtekamer et al. 2009). The length of
the assimilation window is 6 hours.

Variables T, Ps, U, V and q (specific humidity).

Levels 74 hybrid levels of GEM model. Model lid at 1.45 hPa.

Domain Global

Grid 0.45° uniform resolution (~50 km)

Frequency Every 6 hours using data +3 hours from 00 UTC, 06 UTC, 12 UTC
and 18 UTC.

Cut-off time 9 hours for final analyses at 00/12 UTC and 6 hours at 06/18 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.

Processing 30-35 minutes analysis (with a maximum of 2304 cores) plus 50

time minutes for model integration to produce trials (256 x 32 cores) on
the IBM P7.

Data used Radiosonde upper-air, Radiosonde surface, Surface, Aircraft,
Satellite wind, oceanic wind Scatterometer, ATOVS level 1b (AMSU-
A; AMSU-B/MHS, GLOBAL and RARS) and GPS-RO

Ensemble perturbations:

Observations are perturbed in function of their error statistics

Homogenous isotropic perturbations are also added at the end of the assimilation process

(coefficient of 0.33 for the continuous long cut-off cycle and 0.66 for the short cut-off

analyses)

Perturbations in the trial field model configurations:

Deep Either the Kain & Fritsch scheme. (Kain and Fritsch, 1990 and 1993)

convection or a Kuo-type scheme (Geleyn, 1985) is used.

Shallow The Girard scheme (named ‘conres’) that calculates turbulent fluxes

convection in partially saturated air (see in Mailhot et al. 1998) is used by each
member. Also, additionally for half of the members the Kuo Transient
scheme (named ‘'ktrans_mg', see Bélair et al., 2005) is used
(associated with the Kain&Fritsch convection scheme).
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Stable Two different formulations (named '‘consun' and 'newsun’) of the
precipitation Sundqvist et al., 1989 scheme are used for half of the members
respectively (see Pudykiewicz et al., 1992). For QPF evaluations,
see Bélair et al. (2009). The 'consun’ version is associated with the
Kain&Fritsch scheme while the 'newsun' is linked to the deep
convection Kuo scheme;
Orographic It is parameterized following McFarlane (1987) and McFarlane et al.
gravity wave (1987). 2 different coefficients are used (weak = 4.E-6 or strong =
drag 1.2E-5). The control (member 0) uses 8.E-6.
Turbulent Turbulent kinetic energy (Benoit et al., 1989; Delage, 1988a and
mixing (vertical 1988b) with mixing length from either the Bougeault-Lacarrére (1989;
diffusion). see also Bélair et al, 1999) except near the surface and in the upper-
troposphere or the Blackadar (1962) formulation are used.
All members Includes Richardson number hysteresis (McTaggart-
Cowan and Zadra, 2014)
Also, 2 different values for the turbulent vertical diffusion parameter
(inverse of the Prandtl number) are used (0.85 or 1.0).
Low level Parameterized (Lott and Miller, 1997; Zadra et al., 2003). 2 different
(orographic) coefficients are used (0.5 or 1.5). The member 0 uses the coefficient
blocking 1.0.
Roughness Charnock formulation except ZOT constant in the tropics and Deacu
length over et al. (2012) formulation for half of the members (model key
ocean ZO0TRDPS300).
Diffusion of the A diffusion is now applied on the theta fields for half of the members
potential (model key Hzd_Inr_theta) with a coefficient of 0.04 and a degree of
temperature 6 (del 6).
(theta)
Salinity effect We are now taking into account the effect of ocean salinity on the
on saturation saturation specific humidity at the ocean surface, which is the
specific boundary condition for the latent heat flux calculation. Again, half the
humidity members have this option activated (model key SALTY_QSAT),
while it is not the case for the other half.

2.2.2 Forecast

Initialization Diabatic Digital Filter (Fillion et al. 1995).
Formulation Hydrostatic primitive equations.
Domain Global

Numerical technique

Finite differences: Arakawa C grid in the horizontal and
Charney-Phillips grid in the vertical.

Grid 800x400 latitude-longitude grid having a uniform 0.45° (~50
km) resolution
Levels 40 hybrid levels. Model lid at 2 hPa.

Processing time

55-60 minutes for a 16-day forecasts (with 21 x 128 cores) on
the IBM P7.

Time integration

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

Independent variables

X, ¥, n and time.
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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, QPF, precipitation rate,
omega, cloud amount, boundary layer height and many
others.

Geophysical variables:

Derived from analyses at
initial time, predictive

Derived from climatology
at initial time, fixed in
time

Derived from analyses,
evolved using
persistence of anomaly

Derived from analyses,
evolved in time linearly
in function of SST
thresholds

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

Surface and deep soil temperatures, surface and deep soll
moisture ISBA scheme (Noilhan and Planton, 1989; Bélair et
al. 2003a and 2003b); snow depth, snow albedo, snow
density.

Sea ice thickness.

Sea surface temperature (SST)

Sea ice cover.

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.

Horizontal diffusion

Del-6 on momentum variables only, 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).

Ensemble
configuration:

Forecast for 20 members are produced. They differ in their
initial conditions, their physics schemes and physics
tendencies perturbations and stochastic kinetic energy back-
scattering are also applied (with different seeds). For more
details see Gagnon et al. 2014.

Ensemble perturbations (see detailed configuration in the Table below):

Each member is initialized with a different atmospheric initial conditions coming from the

global EnKF (see section 2.2.1)

Also, the perturbations in the model configurations used to produce the trial fields (see
Ensemble perturbations in section 2.2.1) are also applied to do the medium-range forecasts.
Additionally, the following two schemes are also activated in the forecast model configuration
(members 1 to 20 only but not for the control):
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Stochastic perturbations
of the physics
tendencies

Stochastic perturbations of the physical tendencies (PTP) and
Markov chains with random number between 0.5 and 1.5 with
different seeds are used for all members except the member
0 (see description in Charron et al. 2010 and Li et al. 2008).

Note: No perturbation is applied in the areas of convective
instability (see Gagnon et al. 2013a and Erfani et al. 2013)

Stochastic kinetic energy
backscattering

An implementation of the Shutts (2005) scheme (SKEB) is
used with different seeds (see Charron et al. 2010) is used for
all members except the member O.
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Detailed configurations of the GEPS individual members (member 0 is the control):

' S S —
No. Deep Gravity wave Mixing Vertical Orographic Diffusion Deacu Salty SKEB
Convection drag length Diffusion blocking Theta Z0T QSAT

0 1.0

Kain&Fritsch Standard Bougeault 1.0 0.0 Yes Yes No
1 Kain&Fritsch Strong Blackadar 1.0 0.5 0.04 Yes No Yes
2 OldKuo Strong Blackadar 1.0 0.5 0.0 No No Yes
3 Kain&Fritsch Weak Bougeault 0.85 1.5 0.04 Yes Yes Yes
4 OldKuo Weak Bougeault 0.85 1.5 0.0 No No Yes
5 Kain&Fritsch Weak Blackadar 1.0 0.5 0.04 No No Yes
6 OldKuo Weak Blackadar 1.0 1.5 0.0 Yes Yes Yes
7 Kain&Fritsch Weak Bougeault 1.0 0.5 0.04 No Yes Yes
8 OldKuo Weak Bougeault 1.0 1.5 0.0 No Yes Yes
9 Kain&Fritsch Strong Bougeault 1.0 1.5 0.04 Yes Yes Yes
10 OldKuo Strong Bougeault 1.0 1.5 0.04 No Yes Yes
11 Kain&Fritsch Strong Bougeault 0.85 1.5 0.04 No No Yes
12 OldKuo Strong Bougeault 0.85 0.5 0.0 No No Yes
13 Kain&Fritsch Weak Blackadar 0.85 1.5 0.04 Yes No Yes
14 OldKuo Weak Blackadar 0.85 0.5 0.0 Yes Yes Yes
15 Kain&Fritsch Strong Blackadar 0.85 1.5 0.0 Yes Yes Yes
16 OldKuo Strong Blackadar 0.85 1.5 0.04 No Yes Yes
17 Kain&Fritsch Strong Blackadar 1.0 0.5 0.0 No No Yes
18 OldKuo Strong Blackadar 1.0 1.5 0.0 No Yes Yes
19 Kain&Fritsch Strong Bougeault 0.85 0.5 0.04 No No Yes
20 OldKuo Weak Bougeault 0.85 1.5 0.04 No Yes Yes

Reforecast system

A reforecast procedure similar to the one described in Hagedorn (2008) is how operational (see Gagnon
et al. 2013b). This procedure consist of doing historical forecasts over the last 18 years with the same
forecast system as the operational one to generate a database that will be used to do post-processing to
improve the final forecasts (see Hamill et al. 2008). The initialization of the reforecasts is done using
perturbations around the ERA-interim reanalyses (Dee et al. 2011) atmospheric fields. Random isotropic
perturbations (see section 3a of Houtekamer et al. 2009) are added to the reanalysis fields to create 4
different initial conditions for the 4 members that will be run. The 4 members are run instead of 20 to
minimize the computing cost. The 4 members are chosen in function of the year to make sure that each
of the twenty model configurations is picked as often as the others (ex.: for 1995 we used members 1, 6,
11 and 16; for 1996 members 2, 7, 12 and 17, etc.). Then, every week, 72 historical forecasts of 32 days
for the period 1995-2012 are produced by CMC operations.

The surface fields are now taken from a 30 year integration of the Surface Prediction System (SPS)
forced by the near-surface fields of ERA-interim reanalyses as well as the 3-hour precipitation amounts.
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This off-line system includes a land surface scheme, ISBA (Noilhan & Planton, 1989 and Noilhan and
Mahfouf, 1996), as well as a sea ice and a glacier schemes. Each of these schemes is used in the GEM
model itself. It used to be called GEM-surf (see Carrera et al. 2010). It has been used in several high
resolution surface studies (see Separovic et al. 2014, Bernier and Bélair 2012, loannidou et al. 2014).

2.2.3 Statistical techniques and products

Perfect Prog

The weather element guidances for probability of precipitation and spot time total cloud opacity as
described in section 2.1.3 are also produced off each member of the Ensemble Prediction System at
all projection times between 0 and 240 hours, along with spot time surface temperatures at three-hour
intervals between 0 and 240 hours projection times (Denis and Verret, 2006).

Weather element matrices

The range of the weather element matrices produced using the GDPS data (see section 2.1.3) is
extended to 7 days using the results of the GEPS.

Other EPS products
The following EPS products are available on the web as forecast charts at the following address:

http://www.weatheroffice.gc.ca/ensemble/index_e.html

o 10-day mean temperature anomaly

o Spaghetti plots of the 500 hPa heights

o Calibrated probability of equivalent precipitation for various thresholds
o Accumulated quantity of precipitation

o Sea level pressure centres

o 500-hPa geopotential heights

Also available on the web page is the ensemble spread of the trial fields.

An extreme forecast index (EFI) is computed for max and min temperature, max winds and
precipitations amounts. It is made available at the following URL.:

http://collaboration.cmc.ec.gc.ca/cmc/cmoi/cmc-prob-products/

The EPS forecast gridded data are available in digital format (GRIB2) from a MSC server. Technical
details as well as the terms and conditions of utilization of these data are available at this address:

http://www.weatheroffice.gc.ca/grib/index_e.html

The Canadian ensemble outputs are used in the North American Ensemble System (NAEFS) project,
a joint initiative involving the MSC, the United States National Weather Service (NWS) and the
National Meteorological Service of Mexico (NMSM). The following products based on the NAEFS joint
ensemble forecasts are available on the official MSC web server:

http://www.weatheroffice.gc.ca/ensemble/naefs/index _e.html

o Temperature anomaly for the second week (day 8 to 14 outlooks). This is a common product
produced by MSC and the NWS.

o EPSgrams for more than 300 cities in Canada, Mexico and the USA
o Ensemble means and standard deviation charts for various gridded fields
o Charts of probabilities of occurrence of several weather elements

Pressure centres trajectories on the Canadian EPS are computed operationally and maps of these
trajectories are made available to forecasters.
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2.3 Regional Deterministic Prediction System (RDPS)

The RDPS is a forecasting system based on the limited-area (LAM) version of the Global Environmental
Multiscale (GEM) model (Coté et al., 1998a and 1998b) with a 10-km grid spacing covering North
America. This LAM model is driven by a global GEM driving model at a horizontal resolution of 33-km.
This system represents the main NWP guidance for forecasters of the Meteorological Service of Canada
for day one and two.

2.3.1 Data assimilation and objective analysis

RDPS — Assimilation — Version 4.0.0

Assimilation
approach

This forecasting system adopts an intermittent upper air cycling strategy
where the 25-km analysis from the GDPS serves to initialize the LAM and
the global driving model 6-h before the analysis time T. Both forecasts from
the latter then serves as background for the analysis step at time T. In
parallel, the same 4DEnVar (no outer loop with 70 inner-loop iterations)
procedure is applied to produce both the LAM and the global driver
analyses. See Buehner et al. (2013a and 2014).

This procedure allows the observations outside the LAM analysis domain to
influence the LAM forecasts through the LBCs.

Variables

T, Ps, U, V and log g (specific humidity).

Domain

A LAM domain, covering North America and adjacent oceans and global
domain for the driver

Levels

80 hybrid levels of the GEM model

Analysis increment
horizontal grid

0.45° x 0.45° Gaussian grid

Trial fields 9-hour forecast both for the driver and the LAM (see section 2.3.2 for details
on the model characteristics)

Assimilated AMSU-A (11), AMSU-B (4), MHS (4) , SSMIS (7), geostationary imagers

radiance data (1), AIRS (142), IASI (142)

(number of

channels)

Other satellite data

GPS-RO refractivity, AMVs, scatterometer winds, ZTD from GB-GPS over
North America

Other data used

TEMP, PILOT, SYNOP/SHIP, BUOY/DRIFTER, ASCAT, aircraft data

Treatment of
radiosonde and
aircraft data

Radiosonde: use appropriate measured or computed time and horizontal
position for each pressure level.
Aircraft: static temperature bias correction

Satellite radiance
bias correction

Coefficients computed from Obs-minus-Analysis using a separate 3DVar
analysis that does not include radiances, based on last 7 days, 2 times per
day, except static for AMSU-A channels 13-14

Background-error
covariances

Surface to ~40hPa: Average of NMC method covariances and 4D
ensemble covariances from 256 ensemble members (EnKF) every hour
over the 6 h assimilation window;

Above ~10hPa: Only the 3D NMC method covariances

Frequency and
cut-off time

Four 48-h forecasts are produced each day at 00 UTC, 06 UTC, 12 UTC
and 18 UTC. They are initiated from GDPS analyses valid 6-hour earlier
(with cut-off times of 3:00 hrs at 00 UTC or 12 UTC; and 6:00 hrs at 06 UTC
or 18 UTC) to generate the backgrounds for the LAM and the global driver.
In each analysis step, the 4DEnVar analysis both for the global driver and
the LAM uses a cut-off of 2:00 hours. Data within +/- 3 hours of analysis
time are used.

Processing time

11 minutes for the LAM analysis as such using 640 cores (not including
processing of data, background check, treatment of the EnKF members
and so on).
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2.3.2 Model

RDPS — Models - Version 4.0.0

Driver model

The driving model of the RDPS is exactly the same as the GDPS model described in section 2.1 except for the fact
that its grid is rotated to be aligned with the LAM model grid and its resolution is 33 km.

LAMModel
Initialization Diabatic Digital Filter (Fillion et al., 1995).
Formulation Hydrostatic primitive equations.
Domain LAM domain.

Numerical technique

Finite differences: Arakawa C grid in the horizontal and Arakawa A grid in
the vertical.

Grid 996X1028 latitude-longitude grid having a uniform 0.09° (~10 km)
resolution covering North America and adjacent oceans
Note: This LAM is piloted by a Global model as per section 2.1.2 at 33 km
resolution. This global model grid is rotated to be aligned with the LAM grid.
Levels 80 hybrid levels. Model lid at 0.1 hPa.

Time integration

Implicit, semi-Lagrangian (3-D), 2 time-level, 300 seconds per time step
(Coté et al., 1998a and 1998b).

Independent variables

X, Y, n and time.

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, QPF, precipitation rate, omega, cloud
amount, boundary layer height and many others.

Geophysical variables:

Derived from analyses at
initial time, predictive

Derived from climatology at
initial time, fixed in time

Derived from analyses, fixed
in time

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

Surface and deep soil temperatures, surface and deep soil moisture ISBA
scheme (Noilhan and Planton, 1989; Bélair et al. 2003a and 2003b); snow
depth, snow albedo, snow density.

Sea ice thickness.

Sea surface temperature, ice cover.

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.

Horizontal diffusion

Del-6 on momentum variables only, except del-2 applied on temperature
and momentum variables at the lid (top 6 levels) of the model.

Orographic gravity wave drag

Parameterized (McFarlane, 1987; McFarlane et al., 1987).

Non-orographic gravity wave
drag

Parameterized (Hines, 1997a,b).

Low level blocking

Parameterized (Lott and Miller, 1997; Zadra et al., 2003).

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).

Surface roughness length
over water

Charnock formulation for momentum. Deacu formulation for ZOT except
constant in the tropics.

Boundary-layer turbulent
mixing (vertical diffusion) with
wet formulation

Based on turbulent kinetic energy (Benoit et al., 1989; Delage, 1988a and
1988b), with statistical representation of subgrid-scale clouds (Mailhot and
Bélair, 2002; Bélair et al., 2005). Mixing length from Blackadar. Includes
Richardson number hysteresis (McTaggart-Cowan and Zadra, 2014).
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Shallow convection Kuo Transient scheme (Bélair et al., 2005).

Stable precipitation Sundqvist scheme (Sundgqyvist et al., 1989; Pudykiewicz et al., 1992).

Deep convection Kain & Fritsch scheme. (Kain and Fritsch, 1990 and 1993).

2.3.3 Statistical techniques and products

Analyses

A series of upper-air analysis products are available in electronic or chart form (MSLP and fronts,
1000-500 hPa thickness, geopotential height, temperature and winds at different pressure levels).

Forecasts

A wide variety of forecast products are available in electronic or chart form. These include the classic
charts such as MSLP and 1000-500 hPa thickness, 500 hPa geopotential height and absolute
vorticity, cumulative precipitation and vertical velocity, 700 hPa geopotential height and relative
humidity. Series of special charts are produced in the context of the summer or winter severe weather
(tropopause, stability indices, wind shear, helicity, wind chill, liquid water content, streamlines, low-
level maximum wind, vertical motion, etc.) or in the specific support for aviation forecasting (icing,
freezing levels, height of cloud ceiling, momentum flux, vertical shear, tropopause height, high and
middle level turbulence, etc.). 18-hour projection time ozone and ultraviolet index charts (two panels)
are produced at 00 and 12 UTC. A wide range of bulletins containing spot forecasts are produced for
many locations over North America.

Some aviation, summer and winter severe weather charts are produced operationally using
parameters calculated by the SPOOKI system (see section 2.1.3). More calculations are planed to be
converted to this system in a near future.

SPOOKI

Same as in 2.1.3 except based on the regional model and for lead time within 48 or 54 hours.
Perfect Prog

Same as in 2.1.3 except based on the regional model and for lead time within 48 or 54 hours.
Model Output Statistics (MOS)

An Updateable MOS system (Wilson and Vallée, 2001 and 2002) is used for the statistical post-
processing of the direct regional model outputs. This regional post-processing system currently
provides forecasts between 0 and 48-hour projection times at 00 and 12 UTC, and between 0 and 54-
hour at 06 and 18 UTC for the following predictands:

o 2-m surface temperatures and dew point temperatures at spot locations at three-hour intervals.
o 10-m surface wind speed and wind direction at spot locations at three-hour intervals.

o 6hand 12h probability of precipitation at spot locations at the 0.2 mm threshold.

o Probability of occurrence of total cloud amount in four categories at three hours intervals.

o Surface winds at maritime locations (mostly buoys) at three-hour intervals. Forecasts are
produced for 73 locations including part of Pacific and Atlantic oceans but also for some large
Canadian inland water bodies.

o Forecasts are provided for the four RDPS runs (00, 06, 12 and 18 UTC).

Before implementing a new version of the numerical model, the statistics are updated using R&D final
tests.

Diagnostic techniques on direct model output fields

The calculations for the charts below are in the process of being converted to the SPOOKI post-
processing tool (see section 2.1.3).
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Aviation Package: Charts of forecast icing (Tremblay et al., 1995), turbulence (Elirod, 1989), cloud
amounts with bases and tops, freezing levels and tropopause heights. The charts are produced at 6-
hour intervals out to 24 hours.

Summer Severe Weather Package: Forecast charts of buoyant energy, helicity, convective storm
severity index, lifted index, SWEAT index, low level wind shear, precipitable water, low and high level
wind maximum, surface temperature and dew points, heights and contours at 250 hPa and
tropopause heights. The charts are produced at 6-hour intervals out to 24 hours.

Winter Severe Weather Package: Forecast charts of precipitation type (Bourgouin, 2000), 250 hPa
contour heights and vorticity, precipitable water, 6-hour precipitation amounts, wind chill, surface
temperature, thickness values and warm or above freezing layers with bases and tops. The charts
are produced at 6h intervals out to 24 hours.

Forecast charts of the mean sea level pressure at 21 UTC with the forecast precipitation amounts
between 12 and 00 UTC; charts of the streamlines at 21 UTC with the wind mileage (time integration
of the wind speed) between 12 and 00 UTC; charts of the forecast minimum and maximum boundary
layer height and the ventilation coefficient. These charts are valid for today and tomorrow.

Direct model outputs are used to forecast upper air winds and temperatures for aviation purposes.

Several parameters are interpolated at stations, formatted and transmitted operationally to Regional
Offices.

Automated computer worded forecasts - SCRIBE

A system, named SCRIBE, is running at all the Regional Weather Centres in Canada to generate a
set of automated plain language forecast products, including public, agricultural, forestry, snow, air
quality and marine forecasts from a set of weather element matrices for days 1, 2 and 3. (Verret et al.,
1993; 1995; 1997). See the following section Weather element matrices. SCRIBE is the main tool for
operational public forecast preparation. Operational meteorologists use an interface to add value to
the automated forecast as required. Once the meteorologist has reviewed the weather element,
SCRIBE generates the forecast products automatically.

Weather element matrices

Same as section 2.1.3, except the data is valid at projection times between 0 and 48 hours at 00 and
12 UTC, and between 0 and 54 hours at 06 and 18 UTC, and UMOS guidance is used instead of
Perfect Prog. Scribe matrices are produced four times a day (00, 06, 12 and 18 UTC).

Supplementary weather element matrices are also used. The content of these matrices include mean
sea level pressure, surface pressure, lifted index, highest freezing level, mean wind direction and
speed over the four lowest levels of the driving model, boundary layer height and ventilation
coefficients at time of minimum and maximum temperatures, instantaneous and accumulated
downward infra-red and visible radiation fluxes, model temperature and dew-point at 925 and 850
hPa, wind speed and direction at 925 and 850 hPa, model boundary layer height. The time resolution
of these matrices is 3 hours, with projection times out to 48 hours.
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2.4 Regional Ensemble Prediction System (REPS)

On December 2013 the operational REPS version 1.0.0 was changed to REPS version 2.0.1. The system
continues to have 20 members that are perturbed and one control member that is not perturbed. The
perturbations are from the initial conditions and the lateral boundary conditions as well as the stochastic
perturbation of physics tendencies or PTP (Physics Tendency Perturbation) as explained in the following
sections.

The main improvements of the REPS 2.0.1 are: a decrease in the horizontal grid spacing (from 33 km to
15 km), an increase in the number of vertical levels (from 28 to 48), the use of a hysteretic effect in the
boundary layer scheme, and a new design in the application of the PTP in areas of convectively unstable
air masses and topographically enhanced vertical velocities. For more details about the current
operational model refer to section 2.4.2.

2.4.1 Data assimilation and objective analysis

The system takes the initial conditions of the global EnKF (as explained in section 2.2.1) prepared for the
GEPS (see section 2.2.2). The lateral boundary conditions for the REPS are provided by the forecast of
GEPS at every hour. The REPS is also piloted from the top by the GEPS fields using the piloting method
of McTaggart-Cowan et al. (2011). The top of the GEPS driving model is at 2 hPa while the REPS is at 10
hPa.

2.4.2 Model
REPS — Model — Version 2.0.1

Initialization Diabatic Digital Filter (Fillion et al., 1995).

Formulation Hydrostatic primitive equations.

Domain LAM domain.

Numerical technique Finite differences: Arakawa C grid in the horizontal and Charney-
Phillips grid in the vertical.

Grid 600x635 latitude-longitude grid having a uniform 0.1375° (~15 km)
resolution covering North America and adjacent oceans
Note: This LAM is piloted by a Global Ensemble Prediction System
(GEPS), as explained in section 2.2.2.

Levels 48 hybrid levels. Model lid at 10 hPa.

Time integration Implicit, semi-Lagrangian (3-D), 2 time-level, 450 seconds per time
step (Cété et al., 1998a and 1998b).

Independent variables X, ¥, n and time.

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, QPF, precipitation rate, omega,
cloud amount, boundary layer height and many others.
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Geophysical variables:

Derived from analyses at
initial time, predictive

Derived from climatology at
initial time, fixed in time

Derived from analyses,
fixed in time

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

Surface and deep soil temperatures, surface and deep soil moisture
ISBA scheme (Noilhan and Planton, 1989; Bélair et al. 2003a and
2003b); snow depth, snow albedo, snow density.

Sea ice thickness.

Sea surface temperature, ice cover.

Orography, surface roughness length (except over water), subgrid-
scale orographic parameters for gravity wave drag and 