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Introduction

« The Canadian Meteorological Centre (CMC) is producing seasonal forecasts in
operational mode since September 1995.

« Three-month temperature and precipitation anomaly outlooks in three equally probable
categories “above normal”, “near normal” and “below normal”.

«  Twelve three-month seasons
« Dynamical models are used for seasonal forecasts with zero and one-month lead time.

« A statistical model is used for seasons 2, 3 and 4 with 3, 6 and 9 months lead time
respectively.

« The set-up for season 1 is also used for monthly temperature anomaly forecasts issued
on the 1stand 15t days of each month.

« The CMC is a Global Producing Centre of Long-Range Forecasts collaborating with the
WMO

« The CMC is a providing centre for the APCC MME system
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History

e 1995

— first automatic seasonal forecast

— Two models : RPN SEF and CCCma GCM2, and six members by model, lagged of
24 hours

— 4 forecasts by year with 0 lead time : winter, spring, summer and autumn
— Period of hindcast (HFP): 1969-1994

« 2000
— monthly forecast of surface temperature
« 2001

— replacement of SEF by RPN GEM
— 12 seasonal forecast with 0 lead time

* November 2007

— replacement of GEM by GEMCLIM, addition of CCCma GCM3 and of RPN SEF
— 40 members system
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Current system

 Dynamical models used for season 1.
— Forecasts are issued on the first day of each month (12 seasons).
— GEMCLIM: 2° 50 levels ptop 5mb
— GCM2: T32 10 levels ptop 10 mb
— GCMa: T63 32 levels ptop 5 mb
— SEF: T95 27 levels ptop 10 mb
« Historical forecasts (HFP2):
— 35 years (1969-2003).
— Equivalent to a single integration over 5360 years.
— To assess skill of seasonal forecast system.

— To calculate the climate of model.
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Current system
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MOYENNE DE 30 JOURS DES ANALYSES DU CENTRE METECROLOGIGUE CANADIEN
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Time series of surface temperature for J-F-M for the
period 1969-1994 (North of Chile)
Observations and model outputs

TT-0- 0- 0-%W19700101.000000-ER A40
O] T=-P- 0-180-319700101.000000-HFF2UL S0
zb.00 — T T T 1 T 1 T T T T T T T T T T T T] I —
24.00 = -
22 00 W _
L ERA40 h
18.00 = -
o = _
16.00 = -
oo | GEM -
12. — -
10. -
g B I L [ | L I [ | L I | N L I ]
'DIIID.EIIJ H0000.00 R T T Y ST E Y #EEEHEEH +HEEEEEE

Serie temporelle - pt (117.00, 28.00)

= — -
"Environment Canada
wwhw.ec.gc.ca




Normalisation

X — X X'<-1 below normal

X =
0.43-0

—-1<x'"<1 normal
1< x’ above normal
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40 members system
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Surface elr temperature I]JF

Two models
Three models
Four models
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Seasonal forecast of temperature at 2m with O
lead time for JJA

 Below Normal=hhe-dash Sous la normale=hlen-tirets
2 | Above Normal=red An-dessus de la normale=rouge
2 | Normal=white Prés de la normale=hlanc
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Temperatre Anomaly Outlook Apercu de I'anomalie de la température
Period: June- July-Angust 2008 Periode: juin-juillet-aoiit 2008

Issued on May 23 2008 Emis le 23 mai 2008

Based on 3 equiprobable categories Basé sur 3 catégories équiprobables
from 1971 - 2000 climatology de la climatologie 1971 - 2000
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Seasonal forecast with O I'-l_
temperature at 2m for JJA

* . Environment Canada .F

Environnement Canada ‘ ?‘

T — _ ESETN

]
R

Temperature Anomaly Cutlook Aper¢u de I'anomalie de la température
Period: June- July- Angust 2008 Periode: juin-juillet-aoiit 2008

Issned on May 23 2008 Emis le 23 mad 2008
Based on 3 equiprobable categories  Basé sur 3 catégories équiprohahles
from 1971-2000 climatology de la climatologie 1971 - 2000
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Seasonal forecast of precipitation with O lead
time for JJA
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{ Below Normal=blue-dash Sous la normale=hlen-tirets
= | Above Normal=red An-dessus de la normale=ronge
% | Normal=white Prés de la normale=blanc

Precipitation Anomaly Outlook Aper¢u de I'anomalie des précipitations
Period: June- July- August 2008 Periode: juin-juillet- aoiit 2008

Issued on May 23 2008 Emis le 23 mai 2008
Based on 3 equiprobable categories  Basé sur 3 catégories équiprobahles
from 1971-2000 climatology de la climatologie 1971 - 2000
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Seasonal forecast of precipitati
time for JJA
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Precipitation Anomaly Outlook Apergn de I'anomalie des précipitations
Period: June- July- August 2008 Periode: juin-juillet-aoiit 2008

Issued on May 23 2008 Emis le 23 mad 2008

Based on 3 equiprobable categories Basé sur 3 catégories équiprobables
from 1971 - 2000 climatology de la climatologie 1971 - 2000
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Probabilistic forecasts

To generate probabilistic forecasts:

Calculate forecast anomaly for each member of the ensemble
using each model’s own climatology

Classify the forecast anomalies into three equally probable
categories using 0.43 s as threshold (above, normal, below)

Count the number of members in each category

Divide by the total number of members (40) and multiply by 100

Probabilistic forecasts for:
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Probabilistic seasonal forecast : surface
temperature
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Period: June- July- Angust 2008 Période: juin-j
Based on 3 equiprobable categories  Basé sur 3 catag
from 1971 - 2000 climatology

Forecast probahility of above normal Prohahilités prévues que les températures
temperature (no calibration) soient an-dessus de la normale (non- calibrées)
Period: June- July- August 2008 Période: juin-juillet-aoiit 2008
Based on 2 equiprobable categories Basé sur 3 catégories dquiprobahbles
from 1971-2000 climatology de la climatologie 1971 - 2000
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Probabillistic seasonal forecast : surface
temperature

Brob %
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Probabilistic seasonal forecasts : precipitation
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precipitation (no calibration) soient an-dessus de la normale (hon- calibrées)
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Verification

 Deterministic scores
—Correlation
—Percent correct

* Probabilistic scores
—Reliability
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Correlation

GCM2-GEM
12 members

GCM3-GEMCLIM
SEF-GCM2
40 members
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Average for
gcm3gcm2gemsef
37.98%

Average for
gcm2gem
34.67%

Temporal correlation
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Months 123 1969-1994 all years
CRU 2.1 obs
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Average for
gcm3gcm2gemsef
37.06%

Average for
gcm2gem
33.54%

Temporal correlation
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Months 123 1969-1994 all years

Temporal comrelation
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Percent correct

GCM2-GEM
12 members

Significant
Surface
coverage

Global
average

GCM3-GEMCLIM
SEF-GCM2
40 members
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Average for
gcm3gcm2gemsef
45.49%

Average for
gcm2gem
44.4%

Percent correct
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Average for
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Average for
gcm2gem
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Reliability index:
Average distance
between the 10 values
and the diagonal

smaller is better




Reliability index: RMS reliability
I‘.].El‘.]!_

Average distance
between the 10 values 018!

and the diagonal

smaller is better 2
2|

Average for L 019

gcm3gcm2gemsef Z

0.12

gcm3 2gemsef o—u CRU 2.1 obs

| I.'].1l.']:
Average for |
gcm2gem

0.17

glb

0.08| _i
ffma fmam mamj amjj mjja jjas jaso ason sond ondj ndjf djfm
Season

Environment Canada
wwhw.ec.gc.ca



Reliability index: RMS reliability
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Temperature skill

[ Gem2gem
| |l Gcm3gcm2gemsef
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Precipitation skill
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Conclusion

¢ The new 4 model system and 40 members
performs better than the old system with 2
models and 12 members, in terms of correlation,
percent correct, reliability and signal detection.

« Maybe slight decrease of the sharpness

* Precipitation scores are significantly less good
than those of surface temperature
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Projects in 2009

* Continuous HFP2
| | | | . } ___________ ,{
| | | | |

1969 1970 1971 1972 1973 2004 NOW

o Statistical model Canonical Correlation Analysis (CCA)

running every month (in this moment, we produce forecast
four times a year

* Implement of a new calibration for probabilistic forecasts
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Calibration of probabillistic forecasts

« We determine the three categories on fitting a normal distribution to
the multimodel ensemble

« Two methods, for ocean and land :

— QOver the land, the mean of the distribution is provided by the
ensemble mean of the forecast, and the ensemble spread is
provided by the spread of the hindcast

— Qver oceans, the multi-model ensemble mean, and the ensemble
spread are rescaled such to maximize the sum of the Brier score in
the training period
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Current seasonal forecasting set-up: CCA

*  Canonical Correlation Analysis (CCA) [T e

StatIStlcal mOdel IS U.SGd fOf S€asons 2, 3 Anomalies des temperatures de surface de lo mer, —5.05 3.0N
Tropical Pacific Sea Surface Temperature Anomalies, —5.05 5.0N

and 4. w0 w0 a0 w0 o

* A multivariate linear statistical suosozg) =t
technique to establish lagged NGRSt
relationships between low frequency =
variation in global SST, 500 hPa oncest G e
circulation and temperature / s
precipitation anomaly over Canada. oo 18~ T 2

* A linear relationship was developed it ===
using the principal components of SST soosorsy [ = e
anomaly EOFs over a 39 year period Rl e R
(1956-1994) to estimate seasonal I e ~o
temperature and precipitation anomalies ooty F
over Canada. s B 8

* CCA forecasts are available at 51 e
stations for temperature anomaly and 69 MG E Bt — o P
StatIOIlS for pI'CCIPItathIl anomaly. 20051141 1_20 1:{1;}0 —1éU 26022‘0 ZJ*U zé.u =3
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Deterministic forecast

[ —10runs _—1971-2000 .—I10runs .——1971-2000
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. 1 O 1.6em O1.6em2
anomaly forecast 4 —10runs . —1971-2000 . —1971-2000 .——1971-2000
+ T GCM3 T GCM3 T SEF T SEF
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i O1.6em3 O 71, sEF |
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GEM P GEM n P GCM2 P GCM2
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1 O p.Gem O p.cem
anomaly forecast 4 —10runs ——1971-2000 ——1971-2000 ——1971-2000
n P GCM3 P GCM3 n P SEF P SEF
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L O r.ceMm3 O p.seF )

Anomalies classified into three equally probable categories using 0.43 o

1971-2000

for temperature anomaly and 0.43 &
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Reliability

 Average agreement between the forecast
values and observed values (bias). For
probabilistic forecasts, it measures the
agreement between the forecast
probabilities and the observed
frequencies of the event.*
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Observed Frequency (%)
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Reliability Diagram of sat over the Globe
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Slices calculated

Month O Month 1 Month 2 Month 3 Month 4

l l l l l L
| | | | | —
Monthly forecast
Monthly forecast | |
at mid-month
Seasonal forecast | l

O lead time

Seasonal forecast | l
1-month lead time
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Temperature Anomaly Cutlook Aper¢u de 'anomalie de la température
Period: March- April-May 2008  Periode: mars—avril- mai 2008

Issmed on Janmary 23 2008 Emis le 23 janvier 2008

Based on 3 equiprobable categories Basé sur 3 catégories équiprobables
from 1971 - 2000 climatology de la climatologie 1971 - 2000
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Environment Canada i Below Normal=blie-dash Sous la normale=hlen-tirets

Previsii*izs=s. iz miiat- ition
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Precipitation Anomaly Outlook Apercu de I'anomalie des précipitations

Period: Fehruary 2008 Periode: février 2008

Issued on Jarmary 24 2008 Emis le 24 janvier 2008

Based on 3 equiprobable categories  Basé sur 3 catégories équiprobahles
from 1971 - 2000 climatology de la climatologie 1971 - 2000
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Comb| nat| ©-15¥) =—1969-1994
T ?_GEM GEM OHGCNQ T GCM2

anomaly forlg é tlﬂl 1969-1994 1969-1994
p O 1.6em O 1.6em2 |
T . anomaly forecast
category forecast — 0.43 1969-1994
) GT , 2mod?es

1969-1994

Anomalies classified into three equally probable categories using 0.43 &,
for temperature anomaly and 0.43 5.”"*" for precipitation anomaly.
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Thresholds of temperature

T<T-043-c

T-043.0<T<T+0.43.-0 normal

T+043-0<T

below normal

above normal
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20 asts are issued on the first day of each month (12
seasons).

— GEM: 1.875° 50 levels ptop 5 mb
— GCM2: T32 10 levels ptop 10 mb

o Historical forecasts (HFP1):
— 26 years (1969-1994).
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10 lagged runs of 40 member
GEM + GCM2 + GCM3 + SEF ensemble
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anomaly forecast ~— 5

T —6runs  ——1969-1994  ——6runs  ——1969-1994
P GEM P GEM P GCM?2 P GCM2
1969-1994 1969-1994
O r.cem O r.com2 ]

P

category forecast

P

anomaly forecast

1969-1994

O 43 GP 2mod?es

o= . -
"Environment Canada

www.ec.gc.ca



Probabilistic seasonal forecasts :

Prob %
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Forecast probahility of above normal Prohbabilités prévues que les précipitations
precipitation (no calibration) soient an-dessus de la normale (non-calibrées) Issued on May 23 2008
June- July— August 2008 juin-juillet- aoiit 2008 Ermis le 23 mai 2008
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Bias of GEMCLIM for JFM
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Envirennament Conado
— .*I Environmment Canada

MOYENNE DE 30 JOURS DES ANALYSES DU CENTRE METEOROLOGIQUE CANADIEN
o CANADIAN METEOROLOGICAL CENTRE 30 DAY AVERAGE ANALYSIS

o 30 60 a0 120 1350 180 =150 =120 —a9 —G60 =30 G
30 day average centered on 10/24 /2005 — Mayenne de 30 jeurs centrée sur

[ [ | | | I Goo Sutfose Temperatures Anomalies [C]

Anomalies des ternperatures de surface de o mer [C]
-390 —-20 -1.0 1.0 2.0 3.0

[ ]Snow Depth 2 1 cm owver

N Sen lee Concentration = B0 — Concentration de gloce marine = 50X

le 24/10/32005

Two models
GEM + GCM2

continents,/sea ice — Neige ou sol 2 1 cm sur continents/glace marine

[¢=

CMC analysis relaxed to
climatology during first 15 days

SST
last 30-day anomaly
persisted throughout

CMC analysis relaxed to
climatology during first 15
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Reliability Diagram of sat over the Globe
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Observed Frequency (%)

liability Di

Reliability Diagram of pepn over Canada

in J-F-M Season 1970-1994 cru

12 Member Ensemble gcm2gem

Reliability Diagram of pepn over Canada

in J-F-M Season 1969-1994 cru
40 Member Ensemble gcm3gcm2gemset
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ROC AREA

+—o ABOVE 0.677 |
a—a NORMAL 0.550
=—a BeLow  0.687

20 40 B0 80 100
FALSE ALARM RATE (%)

Environment Canada
www.ec.gc.ca




ROC area

Surface alr telmperallture |
Months 123 1968-1994 all years

0.80 | | |

Average for
gcm3gcm2gemsef
0.673

CRU 2.1 obs

Average for
gcm2gem
0.649
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Sharpness

 Tendency to forecast toward extreme
values (0 and 100% for probabilistic
forecasts). For probabilistic forecasts, It
measures the tendency toward
categorical deterministic forecasts.
Sharpness can be increased but only to
the expense of reliability.
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ROC of sat over the Globe ROC of sat over the Globe

in M-A-M Season (HFP 1970-1994) in M-A-M Season (HFP 1969-1994)
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ROC area

Surface alr telmperallture |
nths 123 1969-1994 all years

ROC score:
average of above
and below area
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