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MSC Ensemble prediction team

• Pieter Houtekamer, Martin Charron and Herschel 
Mitchell, 

Meteorological Research Division, Dorval

• Xing-Xiu Deng, Gérard Pellerin, Stéphane
Beauregard, Jacques Hodgson and Lewis Poulin, 

Canadian Meteorological Centre, Dorval

• Ronald Frenette, 

Laboratoire national des conditions menaçantes,  Montréal
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Why ? Weather forecasting and uncertainty

What ? MSC ensemble prediction system

Global (up to 16 days)

What else ?

Regional (up to 3 days) EXPERIMENTAL!

Seasonal (up to 120 days) NOT DISCUSSED TODAY

NAEFS

What we offer? Products and digital data

So ? Summary

Outline
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Principles of Numerical Weather 
Prediction

OBSERVATIONS INITIALIZATION
NUMERICAL 

MODEL

Sampling of current state 

of the atmosphere.

Processing data to 

initialize models.

Projection forward 

in time.

• Upper air soundings.
• Surface land stations.
• Ships / buoys.
• Aircraft observations.
• Satellite data.

• Quality control.
• Brings observed 
atmospheric variables 
onto model grid.

• Provides forecast 
atmospheric variables on 
model grid.

Trial field
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Models are improving!

T. Robinson, CMC

~11 years ~11 years

48-h gain in 
predictability in 22 years
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But still one big problem: chaos

120-h integration – mean sea level pressure

Two integrations done with identical NWP models but on different computers

M. Lajoie, CMC
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Principles of NWP – modeling
Primitive equationsPrimitive equations
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Sources of error create uncertainties in 
initial conditions and then in forecasts

OBSERVATIONS INITIALIZATION
NUMERICAL 

MODEL

Uncertainty Uncertainty Uncertainty

Sampling of current state 

of the atmosphere

Processing data to 

initialize models

Projection forward 

in time

Trial field
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Then comes… Ensemble forecasting

Initial states Final states

True initial state
True final state

Climatology

Ensemble 

mean

Analysis

Deterministic

forecast

Uncertainty on

initial state

R. Verret, N. Gagnon, CMC
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Atmospheric Ensemble forecasting 
basics

• An Ensemble Prediction System is a set 

of integrations of one or several NWP 

models that differ in their initial states 

(and sometimes in their configurations 

and boundary conditions).

• Ensemble prediction is an attempt to 

estimate the non-linear time evolution of 

the forecast error probability distribution 

function.

• With Ensemble forecast, it is possible 

to evaluate,  express and forecast 
uncertainty.
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Context

• Ensemble forecasts have evolved significantly over the 
past years:

– Systematic approach to model uncertainty.

– Perturbations as simulation of uncertainty.

– Better simulation of uncertainties in forecast processes.

– Increasing number of members.

– Increasing resolution of members.
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Context

• Common usages of Ensemble forecasts:

– Ensemble mean as a substitute for a single deterministic 

forecast.

– Clustering to produce a small set of forecast states 
characterized with the cluster mean.

– A priori prediction of forecast skill.

– Ensemble probability distribution function.

– Measure of uncertainty.

– Extension of forecast range.
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Sources of error – uncertainties

• Initial conditions related uncertainty:

– Measurement errors inherent to the instruments.

– Improperly calibrated instruments.

▪ Systematic errors – bias.

▪ Random errors.

– Incorrect registration of observations.

– Data coding errors.

– Data transmission errors.

– Lack of coverage – incomplete information.

– Representativeness error:

▪ Ideally an observing system should provide information on all model variables, at 

each initial time, representative at the model scale and on the model grid.

▪ Model unresolved scales are sampled by observations.
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Sources of error – uncertainties

• Initial conditions related uncertainty:

– Data assimilation errors:

▪ Imperfect data quality control.

▪ Deficiencies in trial fields – the trial fields are usually 6-h model 
forecasts.

▪ Unrepresentative observations and model error statistics.

▪ Deficiencies in the data assimilation scheme.
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Sources of error – uncertainties

• Model related uncertainty:

– Space and time truncation – lack of resolution.

– Effects of unresolved processes.

– Dynamics formulation.

– Physics parameterization.

– Closure assumptions.

– Approximations due to numerics.

– Lack of full understanding of Physics of the atmosphere.

– Coding errors.

– Model jumpiness – higher resolution may increase model jumpiness.

• Imperfect boundary conditions:

– Prescribed fields (ex. Vegetation, type of soil etc.).

– Analysed fields (ex. Soil moisture, sea surface temperature etc.).
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MSC Ensemble Prediction System

• Members:

– 20+1 members:

– GEM 0.9° (~100 km resolution) L28 (forecast), L58(analyses).

– 16-day integration.

– Twice a day (00 and 12 UTC).

• Simulation of initial condition uncertainties:

– ensemble Kalman filter data assimilation with perturbed observations.

• Simulation of model uncertainties:

– A multi-model approach, each member having its own physics 
parameterization.

– Stochastic perturbations added to tendencies in the parameterized 
physical processes. 

– Stochastic kinetic energy back-scattering scheme to re-introduce 
dissipated energy.

current – As of May 2010
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Principles of NWP – data 
assimilation

Observations

Trial field error statistics

Trial field Analysis

NWP 

model

Observations error statistics

R. Verret, CMC
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MSC EPS: Data assimilation component

Ensemble of 
96 analyses

Addition of isotropic 
model error

Ensemble of 96 
perturbed analyses

Ensemble of 96 trial 
fields at several time 

levels

Weighted mean
(Kalman Filter)

4-D selection 
of observations

Digital filter

4X24 different 
configurations of GEM 

model

P. Houtekamer, ARMA

Ensemble of 96 
perturbed observation 

datasets

PerturbationsObservations
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Canadian EPS

L. Lefaivre, CMC
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Canadian EPS
Initial perturbations – member 9 (GEM)

700 hPa temperatures

00 UTC 23-11-2009

N. Gagnon, CMC
Base-line: mean 96 analyses
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MSC EPS: forecast component

96 perturbed analyses based 

on Ensemble Kalman filters
One 16-day control integration

with GEM model

Selection of 20

initial conditions

Model error

addition
Products

Integration done twice 

a day (00 and 12 UTC)

Mean

Twenty 16-day global integrations

with different configurations 

of GEM model at 100 km, GEPS

P. Houtekamer, ARMA
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Current parameterizations used in 
global MSC EPS 
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EQM de différents centres
500 hPa (5 km) heights intercomparison

From Roberto Buizza (2007)
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From Roberto Buizza (2007)

500 hPa (5 km) heights intercomparison
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What else?
Regional EPS
NAEFS
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MSC EPS: forecast component

96 perturbed analyses based 

on Ensemble Kalman filters
One 16-day control integration

with GEM model

Selection of 20

initial conditions

Model error

addition
Products

Integration done twice 

a day (00 and 12 UTC)

Mean

Twenty 16-day global integrations

with different configurations 

of GEM model at 100 km, GEPS

P. Houtekamer, ARMA

Twenty 3-day integrations with one LAM configuration 

of GEM model over N. America at 33 km, REPS
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Higher resolution: the Regional EPS

• LAM with resolution of 33 km

• 20 members + 1 control

• Forecast period 72h

• 21 perturbed analysis  and 3 h pilots from Global EPS

3h
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NAEFS

• Global ensembles:
– NOAA, MSC, NMS of Mexico: official agreement signed in 

November 2004. 

– FNMOC (US NAVY) may join NAEFS in 2010.

• Advantages:
– Larger ensemble allowing better PDF definitions (super-ensemble).

– Improved probabilistic forecast performance.

– Seamless suite of forecast products across international boundaries 
and across different time ranges (1-14 days).

– Minimal additional costs – levering computational resources.

– Synergy with NCEP on R&D work.

• Problems: 
– Combination of multi-model ensembles into a super-ensemble.

– Real time exchange (operational considerations).
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NAEFS

• Raw data exchange (00 and 12 UTC runs).

– ~ 50 selected variables.

– 6-hourly output frequency over 16 days.

– GRIB format.

• Basic products:

– Using same algorithms/codes.

– Bias correction algorithm.

– Forecast products in terms of climatological anomalies.

– Week 2 (days 8 to 14) forecasts based on the combined 
MSC/NCEP ensembles.
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Produced with

EPS forecasts!

MSC official Forecasts for days 6 and 7

More for my mother ☺…
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Forecast confidenceForecast confidenceForecast confidence

• The spread-skill relationship can be used to assess    

forecast confidence.

• Forecast is incomplete without information on  expected 

flow dependent skill. 

Probabilistic forecastsProbabilistic forecastsProbabilistic forecasts
• Evaluation of possible scenarios.

• EPS outputs → downscaling → application models

• Construction of pdf from a finite ensemble.

• Can be used to extend forecast range beyond day 5.

For you, decision makers…

Risk managementRisk managementRisk management • Probabilities of event occurrences.

• Risk calculation.

Decision makingDecision makingDecision making
• Decision making based on probabilities and  

cost/loss ratio. 
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Mean and standard deviation maps
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Meteograms
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Probability maps

% of getting > 10 mm of rain over 6 days

Done by member counting
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Running system in real time

• Forecasting tools for 

• meteorologists
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Experimental mode but run in real time

• Environment support to Haïti 2010 

• Products sent to forecasters in Guadaloupe via Meteo France external web

Hurricane Earl

TS Fiona
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NAEFS

CMC:

– 20 members + 1 control

– Multi-model:

▪ 20  GEM – 0.9° L28

(~100 km)

▪ Stochastic physics  and 

back-scattering

– Perturbed Kalman filter data 
assimilation cycles. 

– Integration done two times a day 
(00 and 12 UTC) out to 16 days.

NCEP:

– 20 members + 1 control

– Single model:

▪ GFS – T190 L28

(~70 km)

– Ensemble Transform breeding 

vectors.

– Integration done four times a 

day (00, 06, 12, 18 UTC) out to 

16 days.
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Access to images

MSC EPS alone: 
http://www.meteo.gc.ca/ensemble/index_e.html

NAEFS grand ensemble: 
http://www.meteo.gc.ca/ensemble/index_naefs_e.html
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Access to digital data

• Currently available global data on grid :

http://www.weatheroffice.gc.ca/grib/Low-resolution_GRIB_e.html

• Soon on on our datamart:

– Raw model outputs on a higher resolution grids in GRIB2 format, 

– Values at points (cities) in XML format: meteograms
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MSC Training on SPE

http://collaboration.cmc.ec.gc.ca/cmc/ensemble/
Formation-Training/Read-me.html

http://collaboration.cmc.ec.gc.ca/cmc/ensemble
/Formation-Training/Lisez-moi.html

English

Français

800 slides divided in 7 modules!

It was given to almost every MSC meteorologist during 2007-2010.
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Summary

• Atmospheric numerical models have improved a lot in the recent 
decades.

• Because of sensitivity to initial conditions, deterministic forecast 
should be used with great cautiousness.

• Ensemble forecast provides information on forecast uncertainty.

• The global MSC system is among the best in the world currently.

• Images and digital products are made available to users twice 
per day up to day 16. These should be relevant to your mandate.

• A operational 33 km regional EPS system is coming in 2011.
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NEW! Coming in Spring 2011:

• Staggered vertical levels

• Higher model top (2 hPa ~40 km, was 10 hPa ~30 km)

• New radiation scheme and ozone climatology

• 2 convection schemes dropped

• Forecasting part:

– Higher horizontal resolution : ~ 66 km instead of ~ 100 km

– Higher vertical resolution 40 levels instead of 28

– Vertical envelope for physical tendency perturbations

• Assimilation part:

– More satellite data

– 192 members instead of 96

– Reduced isotropic model error component

– Same resolution as before
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Plan in 2012:

• Improved surface properties:

– Retirement of the old Force-restore scheme

– Perturbations added to some sensitive surface fields

– Ensemble assimilation cycles  (20, 192 members?) at the surface for a 
better balance between atmosphere and soil properties



Thank you! Merci! 
Danke!


