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Why is the weather so difficult to forecastWhy is the weather so difficult to forecast??
–– WhyWhy isis therethere soso muchmuch uncertaintyuncertainty about about thethe atmosphereatmosphere??
–– DonDon’’tt wewe have large, have large, sophisticatedsophisticated atmosphericatmospheric computer computer modelsmodels??
–– DonDon’’tt wewe use use thethe fastestfastest supercomputerssupercomputers??

2 2 reasonsreasons::

1.1. Models are Models are notnot completecomplete, , truetrue representationsrepresentations ofof allall thethe physicsphysics governinggoverning atmosphericatmospheric
behaviourbehaviour

•• spatial spatial andand temporal temporal scalesscales ofof thethe physicalphysical processesprocesses go go fromfrom 1000s 1000s ofof km to km to µµmm
•• smallestsmallest scalesscales are are tootoo smallsmall to to bebe representedrepresented by by thethe modelsmodels

2.2. EvenEven withwith perfectperfect modelsmodels ((allall scalesscales representedrepresented) ) therethere isis stillstill uncertaintyuncertainty because because ofof
““DynamicalDynamical ChaosChaos”” ((LorentzLorentz, 1963), 1963)

•• because the evolution in time of the atmosphere is because the evolution in time of the atmosphere is nonnon--linearlinear
•• nonnon--linearity means description of the atmosphere is very sensitive linearity means description of the atmosphere is very sensitive to to initial conditionsinitial conditions
•• because the atmosphere is always incompletely observed, it is imbecause the atmosphere is always incompletely observed, it is impossible to start the models in possible to start the models in 

exactly the same state as the atmosphere itselfexactly the same state as the atmosphere itself
•• therefore without perfect knowledge of the initial state of the therefore without perfect knowledge of the initial state of the atmosphere it is impossible to atmosphere it is impossible to 

perfectly forecast its evolution into the future (even if we hadperfectly forecast its evolution into the future (even if we had perfect models)perfect models)

Deterministic forecasts will always be uncertainDeterministic forecasts will always be uncertain
But that does But that does notnot meanmean thatthat thethe atmosphereatmosphere isis randomrandom; ; justjust notnot preciselyprecisely predictablepredictable
ThereforeTherefore wewe needneed probabilisticprobabilistic methodsmethods to to describedescribe thatthat uncertaintyuncertainty
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probabilistic forecastsprobabilistic forecastsprobabilistic forecasts
• Assessment of possible variations of weather forecasts.
• EPS outputs → downscaling → application models
• Construct forecast pdf from finite sample.
• Can be used to extend forecast period beyond day 5.

risk managementrisk managementrisk management • Calculate probabilities of particular outcomes.
• Assign risks.

decision makingdecision makingdecision making • Decision making based on probability ranges and
cost/loss ratio.

forecast confidenceforecast confidenceforecast confidence

• Spread-skill relationship can be used to assess
confidence in forecasts.

• Forecast is incomplete without information 
on its flow dependent expected skill.

Ensemble Prediction System
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TheThe CanadianCanadian EPSEPS
MultiMulti--modelmodel, 16 , 16 membermember ensemble (8 SEF + 8 GEM)ensemble (8 SEF + 8 GEM)
•• T149 for SEF, 1.2T149 for SEF, 1.2ºº ((~150 km)~150 km) for GEMfor GEM
•• PerturbedPerturbed observations observations andand differentdifferent parameterizationparameterization isis

usedused for for eacheach membermember

SinceSince JuneJune 2001:2001:
•• 10 day runs once a day10 day runs once a day
•• 8 8 perturbedperturbed runsruns fromfrom eacheach modelmodel
•• Surface Surface schemescheme::

–– forceforce--restorerestore

http:http:////weatheroffice.ec.gc.ca/ensemble/index_e.htmlweatheroffice.ec.gc.ca/ensemble/index_e.html

StartingStarting JanuaryJanuary 2006:2006:
•• As part As part ofof thethe NAEFS:NAEFS:

–– 15 15 dayday runsruns twicetwice perper dayday
–– 10 10 perturbedperturbed runsruns fromfrom

eacheach modelmodel
–– Surface Surface schemescheme::

•• 10 10 membersmembers withwith FF--RR
•• 10 10 membersmembers withwith ISBAISBA



Environment Canada
Meteorological Service of Canada
Canadian Meteorological Centre

Environnement Canada
Service météorologique du Canada
Centre météorologique canadien

10 days: Nov 3 2005 00 UTC to Nov 13 2005 00 UTC
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120-h valid Nov 8 2005 00 UTC
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144-h valid Nov 9 2005 00 UTC
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Precipitation amounts
24 hours

valid Nov 4 2005 00 UTC 
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Mean Sea Level Pressure 
120 hours

valid Nov 8 2005 00 UTC



Environment Canada
Meteorological Service of Canada
Canadian Meteorological Centre

Environnement Canada
Service météorologique du Canada
Centre météorologique canadien

Geopotential Heights
500 hPa, 120 hours

valid Nov 8 2005 00 UTC
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North American Ensemble Forecasting North American Ensemble Forecasting 
System (NAEFS)System (NAEFS)

•• November 2004: NAEFS created with SMC, NCEP and November 2004: NAEFS created with SMC, NCEP and 
Mexican National Weather ServiceMexican National Weather Service

•• Exchange of ensemble members and techniquesExchange of ensemble members and techniques
•• Experimental products generated from combined Experimental products generated from combined 

ensemble of NCEP and SMC members:  gives more ensemble of NCEP and SMC members:  gives more 
variability between membersvariability between members

•• In 2006 Canadian EPS will be issued twice a day, for 15 In 2006 Canadian EPS will be issued twice a day, for 15 
day forecastsday forecasts

•• Products based on combined ensemble will be offered to Products based on combined ensemble will be offered to 
public/clients in 2006public/clients in 2006
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Montreal – Wednesday 2004-03-31 

Probability 
thresholds 30% 60% 80% 

Minimum 
temperatures 8-10ºC 5-12 ºC 2-15 ºC 

Maximum 
temperatures 18-21ºC 16-24ºC 15-26ºC 

Winds > 40 km/h > 25 km/h > 15 km/h 

Precipitation 
amounts > 15 mm > 8 mm > 2 mm 
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Outlook for Montreal for the period from Monday 
2005-04-05 to Sunday 2005-04-11. 
 
Temperatures: Low ranging from minus 2 to 8. High 
ranging from 5 to 15. Temperatures warming during 
the week. 
 
Precipitation: 60% chance that the total 
precipitation amounts will exceed 10 mm during 
the week. Dryer at the beginning of the week. 
 
Normals for the period: Low 2 High 9. 
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Confidence indexConfidence index

•• Goal of the studyGoal of the study::
–– Provide a confidence index for the medium range   Provide a confidence index for the medium range   

public forecast public forecast 

•• Means of reaching the goalMeans of reaching the goal::
–– Spread of the ensembleSpread of the ensemble
–– Use the probability of precipitation as an integrated Use the probability of precipitation as an integrated 

variable (variable (proxiproxi) that can provide the confidence index) that can provide the confidence index
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Probabilities of Precipitation (POP)Probabilities of Precipitation (POP)

Member 1

Member 2

Member 3

Member 16

POPMembre1

POPMembre2

POPMembre3

POPMembre16

16 POP16 POP

Perfect Prog

Perfect Prog

Perfect Prog

Perfect Prog

Member

Member

Member

Member

Perfect prog approach 
(uses geopotential heights as predictors)
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Verification toolsVerification tools
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BSS all members and mean 12-h PoP (0.2 mm)
June 1 2000 - December 31 2000
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SpreadSpread--skill relationship evaluationskill relationship evaluation

good bad

small N1 N2

large N3 N4

Forecasts
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XC AN 11 C M C  262000
Forecasts for eastern  C anada issued by Environm ent C anada at
 4.00 PM  ED T  Friday 26 O ctober 2001 for tonight Saturday and Sunday.
T he next scheduled forecast w ill be issued at 5.00 AM  Saturday.

R egion(s)

M ontreal.
T onight.. Periods of light rain . Low  near 3. Southw est w inds
 30 km /h d im inish ing to  20 late in  the evening.
 C onfidence index: 2
Saturday.. C loudy w ith  40 percent chance of show ers near m idday.
 C learing  in  the evening . H igh near 8. N orthw est w inds 20 km /h
 increasing  to  30 near m idday.
 C onfidence index: 2
Sunday.. Sunny. Low  near m inus 2. H igh near 7.
 C onfidence index: 1
M onday.. M ostly cloudy w ith  chance o f show ers. Low  near 4. H igh
 near 9. Probability o f precip itation 40 percent.
 C onfidence index: 2
T uesday.. Sunny w ith  cloudy periods. Low  near 3. H igh  near 5.
 C onfidence index: 3
W ednesday.. Sunny. Low  near m inus 3. H igh  near 5.
 C onfidence index: 3
T hursday.. C loudy w ith  sunny periods. Low  near 5. H igh near 14.
 C onfidence index: 3
Friday.. M ostly cloudy w ith  a few  show ers. Low  near 11. H igh
 near 14. Probability of precip itation 60 percent.
 C onfidence index: 2
Saturday.. R ain . Low  near 10. H igh  near 16. Probability o f
 precip itation  80 percent.
 C onfidence index: 1
Sunday.. Variab le cloudiness. Low  near 6. H igh  near 10.
 C onfidence index: 1

N orm als for the period.. Low  1. H igh 10.

 C onfidence index can  take the values 1, 2  or 3 and g ives
 an  ind ication  of the expected variability  o f the atm osphere.
 T he h igher the value, the h igher is the variab ility o f the
 atm osphere and forecasting is m ore d ifficu lt. Low er index
 values indicate a  m ore reliable forecast than higher values.
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Bayesian Model Averaging (BMA)Bayesian Model Averaging (BMA)
•• Designed for combining predictive distribution from different moDesigned for combining predictive distribution from different models.dels.

•• Particularly well suited to EPS with distinct models or to blendParticularly well suited to EPS with distinct models or to blend members members 
from different EPS (superfrom different EPS (super--ensemble).ensemble).

•• BMA PDF is a weighted average of BMA PDF is a weighted average of PDFPDF’’ss centered on individual biascentered on individual bias--
corrected forecasts from EPS members.corrected forecasts from EPS members.

•• BMA works well at correcting bias and underBMA works well at correcting bias and under--dispersion.dispersion.
•• There seems to be little dependency on the length of the traininThere seems to be little dependency on the length of the training period g period 

although 40 days appear to work best.although 40 days appear to work best.
•• BMA weights appear to be useful diagnostic tool.BMA weights appear to be useful diagnostic tool.
•• Control and high resolution models often have larger weights.Control and high resolution models often have larger weights.
•• Future:Future:

–– Include NCEP members.Include NCEP members.
–– Statistical weather elements (PP).Statistical weather elements (PP).
–– Challenges:Challenges:

•• Precipitation.Precipitation.
•• Wind speed.Wind speed.
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Coming by the end of 2006 Coming by the end of 2006 
(for Canadian EPS)(for Canadian EPS)

•• Land Surface ModelingLand Surface Modeling: : ISBAISBA ((IntIntééractionraction SolSol--BiosphBiosphèèrere--
AtmosphAtmosphèèrere) ) instead of Forceinstead of Force--Restore for all membersRestore for all members

•• GEM model for all membersGEM model for all members
•• stochastic physicsstochastic physics
•• higher resolution (400X200 grid)higher resolution (400X200 grid)
•• New Ensemble New Ensemble KalmanKalman Filter (Filter (EnKFEnKF) for perturbed analyses) for perturbed analyses
•• Regional ensemble forecast systemRegional ensemble forecast system

–– 20 members @ 28 km resolution for North America (LAM 20 members @ 28 km resolution for North America (LAM 
configuration)configuration)

–– 15 members @ 15 km resolution for Eastern Canada (LAM also)15 members @ 15 km resolution for Eastern Canada (LAM also)
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MESH*: A Canadian Community MESH*: A Canadian Community 
Hydrologic Prediction SystemHydrologic Prediction System

**ModModéélisationlisation EnvironnementaleEnvironnementale::
Surface et Surface et HydrologieHydrologie

V. FortinV. Fortin11, A. Pietroniro, A. Pietroniro22, P. Pellerin, P. Pellerin11, B. Davison, B. Davison33

11 RPN: RPN: NumericalNumerical predictionprediction researchresearch,,
MeteorologicalMeteorological Service Service ofof Canada (MSC)Canada (MSC)
22 NWRI: National NWRI: National WaterWater ResearchResearch InstituteInstitute
33 HAL: HAL: HydrometeorologyHydrometeorology andand ArcticArctic LabLab, MSC, MSC
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MEC MEC andand MESHMESH

•• MEC: A MEC: A communitycommunity environmentalenvironmental modellingmodelling systemsystem::
–– Stands for Stands for ModModéélisation Environnementale lisation Environnementale 

CommunautaireCommunautaire
–– MultiMulti--modelmodel / / MultiMulti--gridgrid modelmodel driver driver andand couplercoupler
–– ShouldShould becomebecome thethe modelmodel driver for driver for operationaloperational NWP NWP 

in LAM mode in LAM mode atat MSCMSC
•• MESH: A MESH: A communitycommunity hydrologichydrologic predictionprediction systemsystem withinwithin

MEC:MEC:
–– Stands for MEC Stands for MEC –– Surface Surface andand HydrologyHydrology
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Ocean-Ice 
(Models and Assimilation)

DFO/MPO (IML)             RPN/ARMA
UQAR/ISMER                  CMC
CMEP/Dalhousie             CIS

Modelling Environmental Community System
Système de Modélisation Environnementale Communautaire

Système MEC System
Collaborations based on joint investment for mutual benefits

Meteorological Service of Canada

Atmospheric
(Models and Assimilation)

RPN/ARMA/CMC

MEC System
(Developements) 

RPN/CMC/Collaborators

Coupler
CERFACS                        RPN

Atlan. Lab.

Environmental Forecasts
(CMC Operations)

Ocean, Ice and 
Water Levels

Forecasts
DFO/MPO

CCG
CHS

Hydrological 
Forecasts

Provincial Agencies
Hydro-Québec

Environmental 
Emergencies

(Forecasts)

Hydrological 
Forecasts
Hal Lab.

WSC

Waves and Storms Surge
(Models)         RPN

Dalhousie U.                    CMC
Atlan. Lab.

Land-Hydrology
(Models and Assimilation)

NWRI                                 RPN/HAL
Waterloo U.                       CMC/WSC
Hydro-Québec                   CCC

Environment         Environnement
Canada Canada

Fisheries and Oceans Pêches et Océans
Canada Canada

MECMEC

Rev: 01/03/2005
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MEC: a MEC: a hydrometeorologichydrometeorologic
model drivermodel driver

Atmospheric
model (3D)

“On-line”
mode

“Off-line”
mode

Atmospheric

“On-line”
mode

“Off-line”
mode

HydrologicalHydrological
model (2D)

SVAT (1D)

•• ModelsModels availableavailable withinwithin MEC:MEC:
–– AtmosphereAtmosphere: GEM: GEM
–– Surface: Surface: forceforce--restorerestore, ISBA, , ISBA, 

CLASS, WATFLOODCLASS, WATFLOOD
–– HydrologyHydrology: GRU : GRU approachapproach basedbased

on WATFLOODon WATFLOOD
•• Uses MPI for Uses MPI for parrallelparrallel processingprocessing
•• ItIt isis quitequite simple to simple to makemake

surface/surface/hydrologicalhydrological simulations simulations 
offlineoffline atat highhigh resolutionresolution andand overover a a 
large large domaindomain
–– e.g.e.g. withwith reanalysesreanalyses or or archivedarchived

forecastsforecasts
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MEC/MESH modeMEC/MESH mode
•• TheThe surface surface modelmodel isis lessless

costlycostly to to runrun thanthan thethe
atmosphericatmospheric modelmodel, , andand cancan
benefitbenefit fromfrom a a higherhigher
resolutionresolution
–– ItIt cancan bebe runrun atat thethe

resolutionresolution ofof thethe hydrologichydrologic
modelmodel

–– TheThe SVAT SVAT andand thethe
hydrologichydrologic modelmodel cancan thenthen
bebe closelyclosely linkedlinked to to betterbetter
parameterizeparameterize subgridsubgrid--scalescale
processesprocesses

–– TheThe atmosphericatmospheric andand
hydrologicalhydrological modelsmodels stillstill
shareshare thethe samesame SVAT

Atmospheric
model (3D)

SVAT (1D)

“On-line”
mode

“Off-line”
mode

Atmospheric

“On-line”
mode

“Off-line”
mode

Hydrological
model (2D)MESH:

MEC Surface/HydrologySVAT
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Ensemble Ensemble EnvironmentalEnvironmental PredictionsPredictions
usingusing MEC/MESHMEC/MESH

•• Test case for MEC/MESHTest case for MEC/MESH
–– StSt--LawrenceLawrence basin, basin, 

northnorth ofof MontrMontrééal, QCal, QC
•• IncludingIncluding allall ofof thethe

GreatGreat LakesLakes (~1M (~1M 
kmkm²²))

–– MarchMarch--AugustAugust 20032003
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SnowmeltSnowmelt simulation simulation withwith MECMEC

•• SnowSnow depthdepth simulationsimulation
–– MarchMarch--AprilApril, 2003, 2003
–– ISBA @ 15kmISBA @ 15km
–– forcedforced by GEM @ 24kmby GEM @ 24km

•• ContinuousContinuous sequencesequence ofof
18h18h--30h 30h forecastsforecasts

0Z       6Z      12Z     18Z       0Z

18-30h
Issued at 12Z

on day D-1

24-30h
Issued
at 0Z

day D-1

18-24h
Issued
at 0Z
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A A comparisoncomparison withwith NOAA/NESDIS NOAA/NESDIS snowsnow
covercover analysesanalyses

•• March 16, 2003March 16, 2003 •• March 23, 2003March 23, 2003

NESDIS NESDIS

ISBAISBAISBAISBA
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11--week week aheadahead Ensemble Ensemble forecastsforecasts ofof
snowsnow depthdepth for March 23, 2003for March 23, 2003
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11--week week aheadahead Ensemble Ensemble forecastsforecasts ofof
snowsnow depthdepth for March 23, 2003for March 23, 2003

7 7 dayday--aheadahead forecastforecast
•• MeanMean ofof thethe ensemble

SimulatedSimulated snowsnow depthdepth
•• FromFrom March 1stensemble March 1st

NESDIS
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StreamflowStreamflow simulationssimulations
resultsresults for for selectedselected subwatershedssubwatersheds

•• ForcedForced withwith synopticsynoptic
observations observations ofof
precipitationprecipitation andand
temperaturetemperature

•• WATFLOOD land surface WATFLOOD land surface 
schemescheme
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Ensemble Ensemble streamflowstreamflow andand lakelake inflowinflow
forecastsforecasts –– March 15, 2003March 15, 2003
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Ensemble Ensemble streamflowstreamflow andand lakelake inflowinflow
forecastsforecasts –– AprilApril 10, 200310, 2003
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HydrologicHydrologic Ensemble Ensemble PredictionPrediction ExperimentExperiment
(HEPEX)(HEPEX)

•• ImproveImprove waterwater resourcesresources management management throughthrough
streamflowstreamflow forecastingforecasting basedbased on on meteorologicalmeteorological
ensemble ensemble forecastsforecasts

•• DevelopDevelop a a communitycommunity hydrologichydrologic predictionprediction
systemsystem (CHPS)(CHPS)

•• For For nowcastingnowcasting as as wellwell as shortas short-- andand mediummedium--
termterm forecastingforecasting (15 (15 daysdays))

•• BasedBased on MECon MEC
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TheThe GreatGreat LakesLakes: A : A canadiancanadian test test bedbed

WATFLOOD
•• Forcing:Forcing:

–– CaPA: 24 kmCaPA: 24 km
–– GEM: 24 km for 48hGEM: 24 km for 48h
–– GEM: 45 km for 240hGEM: 45 km for 240h
–– GEM ensemble: 1deg for 240hGEM ensemble: 1deg for 240h

•• ModelsModels::
–– WATFLOOD: 15 kmWATFLOOD: 15 km
–– HYDROTEL: HYDROTEL: ≈≈ 5 km5 km

(Gatineau,(Gatineau,
Châteauguay)Châteauguay)

•• Test Test periodsperiods::
–– snowmeltsnowmelt: 03: 03--04/200304/2003
–– runoffrunoff: 08/2003

HYDROTEL

: 08/2003


