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Summary and purpose of document

This document is providing an updated description of the Canadian  Global Ensemble Prediction System (GEPS) and its products. 

Action Proposed
The meeting is invited to consider the inclusion of this information into the meeting report.  A short summary could be presented at the meeting upon Chairman’s request, but no detailed review of this content is required for the sake of time management.
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4.1 Global EPS: Canadian Global Ensemble Prediction System (GEPS)
(Report by André Méthot)

4.1.1 Introduction

Since 1996, CMC produces medium range ensemble forecasts operationally. The Kalman ensemble filter (EnKF, Houtekamer et al., 2009)  has been used operationally since 2005 to supply initial conditions to the Global Ensemble Prediction System (GEPS, Charron et al. 2010, Houtekamer et al., 2009; Gagnon et al., 2007) while the 16 day forecast are made using the Canadian Global Environmental Multi-scale model, GEM  (Côté et al. 1998a, b). 
The official forecasts of the Meteorological Service of Canada for days 6 and 7 are produced with the outputs of the GEPS.  It is worth mentioning that this forecast system is also an integral part of the collaboration with the National Centers for Environmental Prediction (NCEP) in the North American Ensemble Forecasting System (NAEFS)  (Candille, 2009 and Candille et al. 2010). 
4.1.2  Data assimilation

The data assimilation consist of a 6-hour cycle using 4 times 48 configurations of the GEM model providing (192) trial fields over 6-hour time windows. It is a 4-D data assimilation cycle using Kalman filter (so-called Ensemble Kalman Filter).

The lid was recently lifted from 10 hPa to 2 hPa,  and the system is now using a newly implemented GEM model’s dynamical vertical discretization (Girard et Plante, 2011).

Recent upgrades are detailed at the following link (the Wednesday August 17, 2011):
                  http://collaboration.cmc.ec.gc.ca/cmc/CMOI/product_guide/docs/changes_e.html
or more directly at

http://collaboration.cmc.ec.gc.ca/cmc/cmoi/product_guide/docs/lib/op_systems/doc_opchanges/technote_geps_20110906_e.pdf
4.1.3  Forecast model members
From the 192 Ensemble Kalman filter analysis, 20 are randomly selected to provide initial conditions for 20 members (forecast model).   The models are integrated out to 16 days, twice a day (00z and 12z), at 0.6 degrees horizontal resolution over 40 levels with a lid at 2 HPa (nearly 40km).

The initial condition uncertainties are represented by the perturbed ensemble Kalman Filter data assimilation, while forecast model uncertainties are reproduced by various model physic’s configuration as in table 4.1,   with a single dynamic core (GEM model).  Also stochastic perturbations are added to tendencies in the parameterized physical processes and back-scattering energy (after Shutts, 2005) parameterisation is used in order to augment the spread of the ensemble. 
Recent upgrades are detailed at the following link (the Wednesday August 17, 2011):
                  http://collaboration.cmc.ec.gc.ca/cmc/CMOI/product_guide/docs/changes_e.html
or directly at

http://collaboration.cmc.ec.gc.ca/cmc/cmoi/product_guide/docs/lib/op_systems/doc_opchanges/technote_geps_20110906_e.pdf
4.1.3 Operational products:

The Meteorological Service of Canada made an extension to the public forecast service with the addition of day 6 and day 7 forecasts. While day 1 to 5 are based on the deterministic systems (regional for day 1-2, and global for days 3-5) the day 6 and 7 public forecast have been added, thanks to the  Ensemble Prediction system.  This system is fully automated.  This forecast is delivered to the public on the Web weather portal, using weather icons, and text.   An attempt was made to use a clustering method (wet versus dry scenarios) in the making of the product but, at the end, the more simplistic reliable Ensemble mean was implemented in this initial implementation.

Otherwise, a series of typical EPS based Operational products are available for internal use as well on the Official external Web site.

(Link to public site: http://www.weatheroffice.gc.ca/ensemble/index_e.html)


Typical products include the so-called Spaghetti plots, maps with probability of exceeding precipitation thresholds,  meteograms, etc.

4.1.4 Experimental products:

The GEPS is also used in support of Haïti following the January 2010 earthquake.
Meteograms are produced for 6 Haitian cities (see example in figure 4.1).  Also, some probabilistic maps zoomed over the Caribbean sector are produced and sent to the Martinique MeteoFrance Office in support of Haiti weather services (see example in figure 4.2).  Such products are made available for various thresholds and parameters.
Table 4.1:   Physical and  stochastic schemes used in the model that produces the medium range Global EPS forecasts ( to 16 days) after September 2011 upgrade
	N°
	Deep Convection 
	Surface scheme
	Mixing length


	Vertical diffusion 
	Gravity wave drag
	Retrodiffusion

(SKEB)
	Physics stochastics

(PTP)

	0
	Kain & Fritsch
	ISBA
	Bougeault
	1,0
	standard
	Yes
	No

	1

2

3

4

5
	Kain & Fritsch

Oldkuo

Kain & Fritsch

Oldkuo

Kain & Fritsch
	Force-restore

Force-restore

ISBA

ISBA

ISBA
	Blackadar

Blackadar

Bougeault

Bougeault

Blackadar
	1,0

1,0

0,85

0,85

1,0
	weak

strong

weak

strong

weak
	Yes

Yes

Yes

Yes

Yes
	Yes

Yes

Yes

Yes

Yes

	6

7

8

9

10
	Oldkuo

Kain & Fritsch

Oldkuo

Kain & Fritsch

Oldkuo
	ISBA

ISBA

ISBA

Force-restore

Force-restore
	Blackadar

Bougeault

Bougeault

Bougeault

Bougeault
	1,0

1,0

1,0

1,0

1,0
	strong

weak

strong

weak

strong
	Yes

Yes

Yes

Yes

Yes
	Yes

Yes

Yes

Yes

Yes

	11

12

13

14

15
	Kain & Fritsch

Oldkuo

Kain & Fritsch

Oldkuo

Kain & Fritsch
	Force-restore

Force-restore

ISBA

ISBA

Force-restore
	Bougeault

Bougeault

Blackadar

Blackadar

Blackadar
	0,85

0,85

0,85

0,85

0,85
	weak

strong

weak

strong

weak
	Yes

Yes

Yes

Yes

Yes
	Yes

Yes

Yes

Yes

Yes

	16

17

18

19

20
	Oldkuo

Kain & Fritsch

Oldkuo

Kain & Fritsch

Oldkuo
	Force-restore

Force-restore

Force-restore

ISBA

ISBA
	Blackadar

Blackadar

Blackadar

Bougeault

Bougeault
	0,85

1,0

1,0

0,85

0,85
	strong

weak

strong

weak

strong
	Yes

Yes

Yes

Yes

Yes
	Yes

Yes

Yes

Yes

Yes




Figure 4.1 : Meteogram for Port-au-Prince,  Haïti, produced after the GEPS.  
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Figure 4.2:  Likelihood of 6 hour cumulative rainfall  exceeding 5mm per 6h over the Caribbean sector.
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