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BENWAYAIS there so much “‘uﬁte’%out the atm
EENBDEIAVE iave large, sophistic raumoespheric computer moedels?
SEDONWE USE thE! fastest SUPErcompuiers?
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1. Models e floe complete true representations oft all the physics governing atmospheric
oeraviotlr -*_ :
el Spatialland mporal scales of the physical processes go from 1000s of km to pm
=51 ?IJJ,J 2l es are too small to be represented by the models

2. Evar) v\flgeac t models (all'scales represented) there is still uncertainty because of
J/nfw ca/ Chiaos’ (Lorentz, 1963)

. ,3-:, bEcAusE tiierevolution in time of the atmosphere is non-linear

- - -
e - 5 ‘- ."_

e on—llnearlty means description of the atmosphere is very sensitive to initial conditions
ﬁ"‘"‘; - because the atmosphere is always incompletely observed, it is impossible to start the models in

:-"—:_ - exactly the same state as the atmosphere itself

- —

-— ‘-therefore without perfect knowledge of the initial state of the atmosphere it is impossible to
-perfectly forecast its evolution into the future (even if we had perfect models)

I|l

Deterministic forecasts will always be uncertain
But that does not mean that the atmosphere is random; just not precisely predictable
Therefore we need probabilistic methods to describe that uncertainty
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Lorentz Attractor
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Lorentz Attractor
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« Assessment of possible variations of weather forecasts.

prMiliaiC forecasts « EPS outputs — downscaling — application models

» Construct forecast pdf from finite sample.
\J » Can be used to extend forecast period beyond day 5.
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=7 01 Starting January 2006:
y runs once a day e As part of the NAEFS:

____pefturbed runs from each model — 15 day runs twice per day
_:: s Surface scheme: — 10 perturbed runs from
: -_ — force-restore each model
' — Surface scheme:
http://weatheroffice.ec.gc.ca/ensemble/index_e.html ® 10 members with F-R

* 10 members with ISBA
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ENSEMBLE quDHY MEAN - MOYENNE SUR 10 JOURS
8 SEF B GEM NORMALISED TEMPERATURE ANOMALY

ANOMALIE DE TEMPERATURE NORMALISEE
e [

B+0 ENYIRONMEMENT CANADA
CHMC ENYIRONMENT CANADA

00Z THU-JEU D3 NOV-MOY 05




Prevision 120H Forecast Valid/Valide 00Z 08 Nov-Nov 2005
m—Operational Model — Perturbation 3

= Jodele Operationnel = =~ Perturbation 4 ——Perturbation11
= = Control/Controle T150 —Perturbation 5 = = Perturbation 12 . 1
mmPorturbation Mean — —Perturhation 6 ——Perturhation 13 120-h valid Nov 8 2005 00 UTC
m=Noyenne des Perturbations —Perturbation 7 = = Perturbation 14

— Parturbation 1 = —Perturbation 8 — Perturbation 15

| ~ ~ Perturhation 2 ~ ~ Perturbation 16 ‘ﬁa‘
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Pr ecipitation amounts
24 hours
valid Nov 4 200500 UTC
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120 hours -
valid Nov 8 200500UTC
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NBYEER: CCA NAEES created Wit
ViExacaniNational \Weather Service
“/gnrm_y @f ensemble members and technigues

EX[ET ,_’ental proeducts generated from combined
2fsemble of NCEP and SMC members: gives more

——

:_‘;i%';—w ariability: between members

s
- —H-_-

5—’:{_7“ In 2006 Canadian EPS will be issued twice a day, for 15
= 'day forecasts

- o Products based on combined ensemble will be offered to
public/clients in 2006
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I* Environnement Canada Ervironment Canada I* Environnement Canada Emviranment Canada

Centre Météorologique Canadien Canadian Meteorological Centre

Ensemble and Deterministic Forecasts issued 3 NOVEMBER 2005 0 UTC
Prévisions d'ensembles et déterministe émises le 3 NOVEMBRE 2005 0 UTC

pour / for (Ensemble CMC & NCEP) pour / for
MONTREAL (DORVAL) (YUL) 4547TN 73.75 W/O MONTREAL (DORVAL) (YUL) 4547TN 73.75W/O

Centre Météorologique Canadien Canadian Meteorological Centre

Ensemble and Deterministic Forecasts issued 3 NOVEMBER 2005 0 UTC
Prévisions d'ensembles et déterministe émises le 3 NOVEMBRE 2005 0 UTC

(Ensemble CMC & NCEP)
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- I* Environnement Canada Environment Canada I* Environnement Canada Environment Canada
Centre Météorologique Canadien Canadian Meteorological Centre Centre Météorologique Canadien Canadian Meteorological Centre

Ensemble and Deterministic Forecasts issued 3 NOVEMBER 2005 0 UTC Ensemble and Deterministic Forecasts issued 3 NOVEMBER 2005 0 UTC
Prévisions d'ensembles et déterministe émises le 3 NOVEMBRE 2005 0 UTC Prévisions d'ensembles et déterministe émises le 3 NOVEMBRE 2005 0 UTC
pour / for (Ensemble CMC & NCEF) pour / for

MONTREAL (DORVAL) (YUL) 4547TN 73.75W/O MONTREAL (DORVAL) (YUL) 4547TN 73.75W/O
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Prévision 120H Forecast Valide— Valid Mar-Tue 00Z 08 Nov-Nov 2005
Mean & Standard Deviation Chart for - -- Precipitation ---

Carte de moyenne et écant type pour - —— Précipitatio
. a .

I issued on 20051103 at 00Z
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Prévision 120H Forecast Valide— Valid Mar-Tue 00Z 08 Nov-Nov 2005 (>
Mean & Standard Deviation Chart for - - - Swrface Air Temperature - —— Membres dn CMC et de NCEP CMC & NCEP members
Carte de moyenne et écart type pour - —— Température de 1'air 4 la swrface - -- Ecart type en arriére plan Standard Deviation as background

| issued on 20051103 at 00Z émises le 20051103 4 00Z 5 °C entre les contours
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CMC Environnement Canada i
CMC Environment Canada

Prévision 120H Forecast Valide- Valid Mar- Tue 002 08 Nov-Nov 2005
Mean & Standard Deviation Chart for --- Surface Wind Speed - -- Membres du CMC et de NCEP CMC & NCEP members
Carte de moyenne et écart type pour - - - Vitesse duvent i la swrface ——- Ecart type en arriére plan Standard Deviation as background

| issned on 20051103 at 00Z amises le 20051103 4 00Z h 10 kmn'h hetwesn contonrs
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CMC Environment Canada
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émises le 20051103 4 00Z

M eteor ological Service of Canada

20051103 at 00Z
Environment Canada

Prévision 120H Forecast Valide— Valid Mar- Tue 00Z 08 Nov-Nov 2005
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I* Environnement Canacda Environment Canada
Centre Météorologique Canadien Canadian Metearological Centre

Ensemble Probabilistic Products by periods

Produits probahilistes par périodes des ensembles pour
for North America

I'Amérique du Nord

| EXYPERIMENTAL - EXPERIMENTAL! U Ervieamnement Lrnada
CMC invivormwert Canada

Prohahilite d*accumulation de précipitations supérieures a 5
mm pour la périosde pour les membres du CAMC
Prohability of precipitation accumulation over £ mm for the
whole period for CMC members

Ensemble tvpe / Tvpe d"ensemble :
| CMC and NCEP combined / combinés |7

Trype de produit / Product tvpe :

Mains de 0.2 mm - Less than 0.2 mm =]
Plus de 2 mm - Mare than 2 mm

Plus de 5 mm - Maore than 5 mm

Plus de 10 mm - More than 10 mm

Flus de 25 mm - Mare than 25 mm

Plus de 50 mm - More than 50 mm =

Izzued date / Date d"émission :

Year/Année : Momnth/Mois : Day/Jour :
|2335j |Nnvembre.-"Novemberj |1 'I
| Dav hefore | Issued Day | Dav after
| <= | 2005-11-01 |
| Jourprécédent || Jour d'émission [ Jour suivame
Dav before Beginning Forecast Day Dav after
b at 00Z i

| | 2005-11-01 | =

Jour de début de la
prevision a 00Z

Jour précédent Jour suivant

Day hefore Ending Forecast Day at Day after
! 00Z :

| 2I:|I:|5.'] '] -I:]2 | ‘ A4 Iwonvs Povecastwalid fooin Toe 002 01 Mow 2005 ta Wed 002 02 Now 2003

Prévicion 24 hauroe walida du Llar J0Z 01 Ivotr 2082 2o Mo 00Z 02 MNoxr 2005

e Jour de fin de 1a I'robability of [Mrecipitation rrer 5 mma for the pariod
Jour précédent :vision & 007, Jour suivant Prahahilité de Précipitatinns apdcames A 5w po 13 pévinde Mesnhres n CM( (1 neenhers
PrEvisIn A sl ur 20051101 2l ME amisie 2031101 5 007 Matlnke por eusnp Lo e oo Cuwnting MemTeas Muathuld
|Infurmariun :  English Francais Comments --- Commeniaives
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l* l Environnement Canada Environment Canada
Centre Météorologique Canadien Canadian Meteorclogical Centre

Ensemble Probabhilistic Products by periods

Produits probabilistes par périodes des ensembles pour
for North America

I'Amérique du Nord

| EXPERIMENTAL - EXPERIMENTAL!

G Ervirnmnerment Drnada

CMC Civviconuwend Canada

Prohabilité d’accumulation de précipitations supérieures a 5
mm pour la période pour les membres du CMC
Prohahility of precipitation accumulation over 5 mm for the
whole period for CMC members

Ensemble tvpe / Tvpe d ensemble ;
| ©MC and NCEP combined / combinés =]

Tvpe de produit / Product tvpe :

Mains de 0.2 mm - Less than 0.2 mm ]
Plus de 2 mm - Mare than 2 mm

Plus de 5 mm - Maore than 5 mm

Plus de 10 mm - More than 10 mm

Flus de 25 mm - Mare than 25 mm

Plus de 50 mm - Mare than 50 mm =l

Issued date / Date d'émission :
Year/Année : Month/Mois : Day/Jour :

|2335j |Nwembre.-"Nnvemberj 18

| Dayhefore | Issued Day | Day after
| <z \ 2005-11-01 |
| Jourprécédent |  Jour d'émission [ Jour suivant

: Beginning Forecast Day
Day hefore ot 02

| ‘ 2005-11-01 | —

Jour de début de la
prevision a 00Z

Day after

Jour précédent Jour suivant

Day hefore Ending Forecast Day at

Day after
| <= ‘ 2005-11-03 | Y 48 s Fovecast valid from Tue 002 011 Now 2005 to Th. 00Z 0 Now 2005
Préviston 49 haures walidado Mar 10Z 01 Iow 2002 zm Jan 10Z 03 Nos 2008
I Jour de fin de 1a I'robability of [Mrecipitation reer 5 mm for the pariod
Jour précédent svision a 00Z Jour suivant Prahahilita de Précipitatinns anwsrenres & 5 won po la péainde Meanhres n CRC (T venhers
prevision a sl ur 20051100 al WE amisie k20031101 2 007 Matlndke por cump Lo e mecoss Cunning Memiss Mathod
|Infurmariun :  English Francais Commenis --- Commeniaires

Environment Canada Environnement Canada
Meteorological Service of Canada  Service météorologique du Canada
Canadian Meteorological Centre  Centre météorologique canadien




. e

Montreal — Wednesday 2004-03-31

=

Probability

thresholds 30% 60% 80%
%

Minimum

8-10°C 5-12°C 2-15°C
= temper atures

=

| Maximum
e R (emper atures
e

18-21°C 16-24°C 15-26°C

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

Precipitation
amounts
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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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- Seread of the ensemble

~— Use the probability of precipitation as an integrated
-~ variable (proxi) that can provide the confidence index

——
T
_.-f'
__:__'ﬂ
—_T__—

Environment Canada Environnement Canada
m_‘ Meteorological Service of Canada  Service météorologique du Canada

Canadian Meteorological Centre  Centre météorologique canadien




Riohahilities of Precipitatio
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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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wrongly predicted
(N2 + N3)
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Fraction of total number of cases
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| %8 CMC Environment Canada "4

Indice de confiance
Echeance = 24 hanres emise le 20051103
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Jvert = fiable

blanc = nentre

rouge = peanfiable

Note: data not available over
hodies of water




e

1vert = fiahle

blanc = nentre

rouge = peanfiable

Note: data not available over
hodies of water

| %8 CMC Environment Canada

Indice de confiance
Echeance = 120 heares emise le 20051103
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| %8 CMC Environment Canada

Indice de confiance
Echeance = 240 heares emise le 20051103

B3
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XCAN11 CMC 262000
Forecasts for eastern Canada issued by Environment Canada at
4.00 PM EDT Friday 26 October 2001 for tonight Saturday and Sunday.
The next scheduled forecast will be issued at 5.00 AM Saturday.

Region(s)

Montreal.
Tonight.. Periods of light rain. Low near 3. Southwest winds

30 km/h diminishing to 20 late in the evening.

Confidence index: 2

Saturday.. Cloudy with 40 percent chance of showers near midday.
Clearing in the evening. High near 8. Northwest winds 20 km/h
increasing to 30 near midday.

Confidence index: 2

Sunday.. Sunny. Low near minus 2. High near 7.

Confidence index: 1

- Monday.. Mostly cloudy with chance of showers. Low near 4. High
near 9. Probability of precipitation 40 percent.

Confidence index: 2

Tuesday.. Sunny with cloudy periods. Low near 3. High near 5.
Confidence index: 3

Wednesday.. Sunny. Low near minus 3. High near 5.

Confidence index: 3

Thursday.. Cloudy with sunny periods. Low near 5. High near 14.
Confidence index: 3

Friday.. Mostly cloudy with a few showers. Low near 11. High

near 14. Probability of precipitation 60 percent.

Confidence index: 2

Saturday.. Rain. Low near 10. High near 16. Probability of
precipitation 80 percent.

Confidence index: 1

Sunday.. Variable cloudiness. Low near 6. High near 10.
Confidence index: 1

Normals for the period.. Low 1. High 10.

Confidence index can take the values 1,2 or 3 and gives
an indication of the expected variability of the atmosphere.
The higher the value, the higher is the variability of the
atmosphere and forecasting is more difficult. Lower index
valuesindicate a morereliable forecast than higher values.
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grwrl forcombining g cdictivesdistrbiition fom differentmode

Partjcularly well'suited to EPS with distinct models or to blend members
frogm rI]‘for'e* f—EP.S (super-ensemble).

BELyQ: A VIe

BMA PRI me lghted average of PDF’'s centered on individual bias-
COffggigefe recasts from EPS members.

SIVIA vwr‘« at correcting bias and under-dispersion.

-E
SIIETE SEEMS to be little dependency on the length of the training period
rulrfu_i, 40 days appear to work best.

:.___-_ =B\ Aﬁvelghts appear to be useful diagnostic tool.
— ‘Control and high resolution models often have larger weights.

5‘_: —

— 5 Future

—— Include NCEP members.

= — Statistical weather elements (PP).

— Challenges:
® Precipitation.

* Wind speed.
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rMedian/Meédiane: 17.0°C
GO% limitslimites:
G.7eC f21.2°C

— B
—  Median/Médiane

e

=]

MembersiWembres
80%
DMOISDM

Environment Canada
M eteor ological Service of Canada
Canadian Meteorological Centre

Temperature [ Tempéiature ()

Environnement Canada
Service météorologique du Canada
Centre météor ologique canadien

COF valte § valewr dela COF

n.s

0.6

0.4

BMA, station 6271CYUL
prev 120h, validfivalide 20051007 00Z

I
o‘x:ll
|

BM&
Median/tédiane: 17.0°C
Membershdembres
‘Weight/Poids

80%: 8.7*C 7 &1.2°C
DROSSOM

Temperature [ Tempéiature ()




T

- » e
Caf mg.by the.endg@@;"

gl EPS)
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Lzl JLJrJ“ I\/|Ode||ng ISBA (Intéraction Sol-Biosphere-
r\rrruJorwrrL off Force-Restore for all members

> GEV morlérL* i all members
OeiE :physms
ighe o s-:rf.solutlon (400X200 grid)
_é_':-_."\ W Ensemble Kalman Filter (EnKF) for perturbed analyses
;Rég jonall ensemble forecast system

)

Siie
)
-l

i ——
———

—

il T

——

~~ — 20 members @ 28 km resolution for North America (LAM
-~ configuration)
— 15 members @ 15 km resolution for Eastern Canada (LAM also)
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=2 A Canadian.Community... .

Ioglc Prediction System

*Nodeélisation Environnementale:
Suriace et Hyadrologie

\/. Fortint, A. Pietroniro?, P. Pellerint, B. Davison3

Environnement Environment
Canada Canada

= 1 RPN‘ Numerical prediction research, I*I
Meteorologlcal Service of Canada (MSC)
ZNWRI: National Water Research Institute
s HAL: Hydrometeorology and Arctic Lab, MSC
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SRV ECA cCommunity environmental modelling| system:

— Stands @r WVioaelsation Environnementale
CJ////f ﬁauz‘a/re

= M__ model /- Multi- -grid model driver and coupler

e

= u1d become the model driver for operational NWP

'_ i LAM mode at MSC

",MESH A community hydrologic prediction system within
MEC:

— Stands for MEC — Surface and Hydrology
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MEC: a hydrometeorolo

‘mtﬁa-dnver

> Mocdzls |\/rljlr|r r\.\\ Atmospheric
— r\rmJJomc-! é *fGEM model (3D)
— Jurrruge =ce‘ restore, ISBA,
LA _)_)_ \/\ TFLOOD A .
rlyrlm pgy: GRU approach based -
Jﬁ*w TFLOOD “On-line”E “Off-ling”
-2 l;e:: P1 for parrallel processing mode & P

" _,:i_'_.*_, ti: t:ute S|mple to make

_.Surface/hydrologlcal Simulations

__‘_:_ ~ = offline at high resolution and over a [, SVAT (1D)
~—  large domain

-~ — e.g.with reanalyses or archived

forecasts ¥ __ Hydrologica
model (2D)

<
£

|
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IIIGSPIIE] rmodel and can

Atmospheric

IEIIENIE fJff a hlgher model (3D)
IES0) I Liglepl
mfc S run at the AT ==
on of the hydrologic - .
= “On-line” = = “Off-ling’
e E ﬁ SVAT and the mode = =  mode
;__ = hydrologic model can then - -
~ be closely linked to better VY
e —-=:f_parameter|ze subgrid-scale T SVAT (1D)
- processes _ \ e, Hydrological
= . — The atmospheric and MESH: model (2D)
hydrolegical models still
Erete e e CUAT MEC Surface/Hydrology
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mble Environmental Pl;e.gjﬂt"if)ng,r
using " MEC/MESH

SE 1er MEC/MESH

e

5 "'awrence pasin,
prthrof Montréal, QC

S Sl hcluding all of the
=~ Great Lakes (—1M
= Km=)

— March-August 2003

Environment Canada Environnement Canada
m_‘ Meteorological Service of Canada  Service météorologique du Canada

Canadian Meteorological Centre  Centre météorologique canadien




3L

o Mivean:  5-Etgquette: GEMBEG24-183 - Intenvalle: 0 * 1.0e+01 (737)
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18h-30h forecasts
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Meteorological Service of Canada
Ensemble Forecast
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Sl Meterological Service of Canada

Ensemble run April 10, 2003
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180 —

160 —

140 —

Meteorological Service of Canada
Ensemble Forecast

April 10,2003

100 —
1/3

Wmﬁm

/03 8/3/03  15/3/03 22/3/03 29/3/03 5/4/03 12/4/03 19/4/03 26/4/03

Lake Ontario

Canada



ryclrolgefes nsem_ble P_redlctlon Q@r 1@1-
| 1(4!'_@5)()

'e forecasts

= * 'p a community hydrologic prediction

= 5ystem (CHPS)

ﬁj—‘* For noweasting as well as short- and medium-
~ term forecasting (15 days)

s Based on MEC
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IEGICING:
= CEIPF\:;';-f Km
— GEM: /-.4 ki for 48h
— El\/l ‘/tt km for 240h
= tensemble 1deg for 240h
J\/Jw ;

ATFLOOD 15 km

= -"'»HYDROTEL ~ 5 km
—— (Gatineau,
— — Chateauguay)

~® Test periods:
— snowmelt: 03-04/2003
— runoff: 08/2003
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