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The Seasonal Forecasting system and its evolution

Performance

=> El Nino Forecast
=» Predictions of atmospheric anomalies

Developments and future implementations

=» Multi-model ensembles a way to deal with model error
=>» Monthly Forecast
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In 1995 started an experimental programme in seasonal forecasting. The
ECMWEF atmospheric model used for the NWP was coupled to an ocean
model.

September 1996- February 1997 seasonal forecast was in semi-operational
production (System 1).

Successful predictions of the exceptional El Nino event of 1997 encouraged
the seasonal forecast activity.
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Since then a range of seasonal products was issued routinely on
http://www.ecmwi.int/products/forecasts/seasonal/forecast.

Since mid-2000 some products are available to all WMO members.

January 2002 operational implementation of an upgraded system (System
2) was introduced.

April 2003 System 1 was dismissed.


http://www.ecmwf.int/products/forecasts/seasonal/forecast

SyStem L The coupled model m

Atmosphere (IFS): Atmosphere (IFS):

Cy 15R8, T63, L31, Eulerian Cy 23R4, T95, L40, semi-
Ocean (HOPE): Lagrangian Ocean (HOPE):
L20, ~0.5 eq. ~2 midlat. L29 ~0.3 eqg. ~1 midlat.

Ocean analysis

5 member ensemble of ocean
A daily ocean analysis analysis (wind perturbations)

Ensemble generation

Lag average ensemble

40 forecasts start 1st of month

Calibration period

From 1991 to 1996 From 1987 to 2001




Ocean Initialization

eRelaxation to observed SST(~2 days)
¢OI of subsurface T, every 10 days
¢10 days assimilation window
eImproved treatment of salinity

eDaily forcing from NWP fluxes
o5 ocean analysis

Atmospheric Initialization

eERA 15 (1987-1993)
eNWP 1994 onwards

Ensemble Generation

e40-member ensemble forecast
o5 different ocean analysis
ePerturbations to the subsurface

e4(0 SST perturbations
eReynolds 2dvar-Ol
eStochastic physics




System 1 coupled - month 6 - sstbias
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a) ECMWF Monthly Forecasting System 1
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b) ECMWF Monthly Forecasting System 2
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NINO3.4 SST anomaly plume
ECMWF forecast from 1 Jul 2002

Wonthly means platied using NCEP adjusted Ol2 197 1-2000 climatology

System 2

o

Anomaly (deg C)

FEB MAR APR WMAY JUN JUL AUG SEP OCT MOV DEC JAW FEB MWAR
002 2003

Forecast poduction date: 14 Jul 2002

NINO3.4 SST anomaly plume
ECMWF forecast from 1 Oct 2002

Wonthly means platied using NCEP adjusted QW2 197 1-2000 climatology

System 2

Anomaly (deg C)
)
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02 2003

Forecast production date: 14 Cet 2002

NINO3.4 SST anomaly plume
ECMWEF forecastfrom 1 Feb 2003

Manthly means plotied using NCEP adjusted Ol2 1971-2000 climatolgy

NINO3.4 SST anomaly plume
ECMWF forecast from 1 Dec 2002

Wonthly means platied using NCEP adjusted Ol2 197 1-2000 climatology

System 2

o

Anomaly (deg C)
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Forecast production date: 14 Dec 2002

System 2
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Forecast production date: 14 Feb 2003

NINO3.4 SST anomaly plume
ECMWEF forecast from 1 May 2003

Manthly means plotied using NCEP adjusted Ol2 19712000 climatology

System 2
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2002 2003

Forecast production date: 14 May 2003

2004

NINO3.4 SST anomaly plume
ECMWEF forecast from 1Oct 2003

Manthly means plotied using NCEP adjusted Ol2 1971-2000 climatology

System 2
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2003 2004

Forecast production date: 14 Oct 2003




NINO-3 at lead = 3
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— Damped persistence
—— ENSO-CLIPER
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FMA AMJ JJA  ASO OND
Target season

From Oldenborgh et al. submitted to MWR




Additional products:

- Forecasts for Nino3, Nino3.4 and Nino4
- Spatial plots terciles, 15%iles

Documentation of skill levels is provided to the
users:

- The measure of skill conforms to a common standard
defined by the WMO

T i cati ling f | § i

limited, importance of significance levels in the
verification statistics

Workshop on Meteorological Operational Systems meeting November 2003 L.F.12



Total Precipitation

Anomaly Correlation Coefficient: EXP(ECMWF_oper) with GPCP
Forecast start month and years: May / 1987-2002

FC period: months 2-4 (JJA), ens: 0-39
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Workshop on Meteorological Operational Systems meeting November 2003 L.F.13




2m- Temperature

Ranked Probability Skill Score: EXP(ECMWF_oper) with respect to ERA-40 and op.analysis
Forecast start month and years: May / 1987-2002

FC period: months 2-4 (JJA), ens: 0-39




ECMWF Seascnal Foreca System
Mean 2m temperature anomaly JJA 2003
o
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2 m temperature anomalies
JJA 2003

JJA 2003

gnificance 12s1 applisd




ECMWF Seasonal Foreca System
i JJA 2003

2 m temperature anomalies
JJA 2003

04/2003




NINO3 ST Forecast is not reliable:
MMSs emrors
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NINO3 SST rms errors

176 start dates from 19870101 o 20010801
Ermsamble sizes are 10 (MM 3, 5 (0031 and 5 (e7u3)
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Real time multi-model: Met France
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2m Temperature, RPSS over Northern Extratropics
Forecast start month and years: May / 1987-1999
Average over 2-4 months FC (JJA) Multi-Model  Single-Model
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2m Temperature, RPSS over Northern Extratropics (land+sea)
Model: DEMETER (54 members) ECMWF (54 members)
Start dates: May

Avg. over 2-4 months FC (JJA)
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a 51-member ensemble is
integrated for 32 days every 2 weeks.

IFS with the latest operational cycle and with a
TL159L40 resolution. Initial conditions: ERA40 or operational analysis.
Perturbations: singular vectors +stochastic physics.

HOPE (from Max Plank Institute) with a zonal
resolution of 1.4 degrees and 29 vertical levels. Same perturbations as in
seasonal forecasting.

OASIS (CERFACS). Every time step (1 hour)
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- 5-member ensemble integrated at the same day and same
month as the real-time time forecast over the past 12 years.

It is running every 2 weeks (alternatively with real time
forecast)

- The monthly forecasting system is running in real-time
i N9

- 30 cases have been verified.
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Days 12-18 Northern Extra-tropics 2mtm in upper tercile

ROC score:

a4 0.5 06

false alarm rate

Monthly Forecast Persistence



2m-temperature weekly anomaly > 2K.

North America Southern Hemisphere

BrSc =0.161 LCBrsSksSc= 0.03 Uncertainty=0.165
BrSc =0.181 LCBrSkSc=-0.09 Uncertainty=0.165

BrSc=0.177 LCBrSkSc= 0.06 Uncertainty=0.188
Brsc =0.207 LCBrSkSc=-0.10 Uncertainty=0.183
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Verification : 3-9 August 2003 Forecast 30/07: DAYS 5-11
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Summary

The current operational seasonal forecast system provide a better
data set to the users. Its skill is overall comparable to System 1.

The ECMWF seasonal forecast is a good system for EI Nino
predictions.

Seasonal forecast predictions, particularly over mid-latitudes,
should be used in combination with some estimate of the forecast
skill. Various skill estimates are available to the users.

Multi-model approach: a way to deal with model error (model

- calibration) and to enhance forecast reliability.

Monthly forecast: bridging the gap between the medium and long
range forecasts
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Nino12, Lon =[ -90, -80], Lat = [-10, 0]
Nino4, Lon=[ 160, -150], Lat =[ -5, 5]
Nino3, Lon=[-150, -90], Lat =[ -5, 5]




OASIS

oNo flux
correction
24 h
coupling




eSOC - ECMWF monthly
means (1980-2000)

eThey affect the subsurface
structrure of the ocean

eReynolds OI -Reynolds
2Dvar

elweek persistence error

eWeekly climatology
removed




Ocean Analysis
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ECMWF Seasonal Forecast

Mean forecast SST anomaly
Forac 212r2 n/asaa

Farecast production date: 1405/2003

SST forecast

System
JJA 2003

Solid coniour at 1
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eagk
Mean T850 anomaly JJA 2003

Forecast start reference is 01/05/03 Shaded areas significant at 1 evel
Enzemble size = 40, climate 75 Solid contour at 1% level
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ECMWF(S2)/UKMO
JJA 2003

No significance test applied

ECMWF Multi-model Seasonal Forecast
Prob(lower tercile) - T850
03

Forecast start reference is 01
Ensemble size = 40, climate si
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ECMWF Multi-model Seasonal Forecast
Prob(upper tercile) - T850
03

art reference is 01/0
40, climate size =

[ 10.20% | 20..40% 40..50% [ ] 50.60% [ 60.70% [N 70.100%

200W N W W o A0°E P SO 100°E 150VE

150w 1200w




ECMWF Seasonal Forecast System 2
Mean T850 anomaly JJA 2003

Forecast start reference is 01/05/03 Shaded areas significant at 10% level
Ensemble size = 40, climate size = 75 Solid contour at 1% level
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ECMWEF Seasonal Forecast System 2 :
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ECMWF Seasonal Forecast
Mean 2m temperature anomaly
For: E 3
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JUA 2003
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ecrm

Mean T850 anomaly JJA 2003

Forecast start reference is 01/0503 Shaded areas significant at 10% level

Ensemble size = 40, climale size = 225 Solid contour at 1% level
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Ensemble size = 40, climate size = 225
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Relative Operating Characteristics

Event: 88T anom. in lower tercile

872002

Avg. over FC pel 4-6 months (ML)
ROC score: D.70[ 0.70, 0.71]

04 06 08
False Alarm Rate

Event: 88T anom. in upper tercile
Area: Tropi

2

ROC score: 0.69[ D68, 0.68]

04 06
False Alarm Rate

Relative Operating Characteristics

Event: 88T anom. in lower tercile

Avg. over FC pel 2-4 months (JJA)
ROC score: D.79[ 078, 0.79]

04 06 08
False Alarm Rate

Relative Operating Characteristics

Event: 88T anom. in upper tercile
Area: Tropi

Avg. over FC pel 2-4 months (JJA)
ROC score: D.78[ 078, 0.79]

04 06 08
False Alarm Rate




Relative Operating Characteristics Relative Operating Characteristics

Ewvent: 2m Temperature anom. in upper tercile
Area: Morth America

Maodel: System 2

Start dates: November 1887-2001

Avg. over FC pericd: 24 months (DJF)

ROC score: D.E2[ D.BO, D.B3]

Ewvent: 2m Temperature anom. in lower tercile
Area: Morth America

Maodel: System 2

Start dates: November 1887-2001

Avg. over FC pericd: 24 months (DJF)

ROC score: D.BE1[ D.59, D.B3]

04 06 08 ; . ; 04 06 08
False Alarm Rate False Alarm Rate




Relative Operating Characteristics

Event: 2m Temperature anom. in lower tercile
Area: Europe

Model temn 2

Start dates: November 15872001

Avg. over FC period: 2-4 months (CJF)

ROC score: 0.52[ 0.5D, 0.585]

04 06
False Alarm Rate

Relative Operating Characteristics

Event: 2m Temperature anom. in upper tercile
Area: Europe

Model temn 2

Start dates: November 15872001

Avg. over FC period: 2-4 months (CJF)

ROC score: D.52[ 048, 0.54]

04 06
False Alarm Rate

Relative Operating Characteristics

Event: 2m Temperature anom. in lower tercile
Area: Europe

Model

Startda

Avg. over FC pel 2-4 months (JJA)

ROC score: D.63[ 0D.B1, 0.6

04 06 08
False Alarm Rate

Operating Characteristics

Event: 2m Temperature anom. in upper tercile
Area: Europe

Avg. over FC period: 2-4 months (JUA)
ROC score: D.61[ 0.58, 0.63]

04 06
False Alarm Rate




Precipitation, RPSS over Tropics
Forecast start month and years: May / 1987-1999
Average over 2-4 months FC (JJA) Multi-Model  Single-Model
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Precipitation, RPSS over Tropics
Model: DEMETER Il ECMWF_grande
Start dates: May

Avg. over 2-4 months FC (JJA)
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a) NINO-3 SST error comparison b) NINO-4 SST error comparison

Range: 1-6 months Range: 1—6 months
S2 wins 99 times S2 wins 71 times
S1 wins 75 times _ S1 wins 103 times
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Tropical Pacific precipitation Ratio of variance: model/verif.

Model- ECMWE oper Signal/Moise ratio [Conf.-Level]
T RMSE

Start dates: May Correlation [Conf -Leval]

Avg. over 2-4 months FC (JJA) RPSS [Conf.-Level]

dashed lines: tercile boundaries for whole dataset of GPCP and hindcasts
® GPCP @® Ensemble-mean + Ensembl ead / Tercile
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Northern Europe precipitation Ratio of variance: modeliverif.
Model- ECMWE oper Signal/Moise ratio [Conf.-Level]
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dashed lines: tercile boundaries for whole dataset of GPCP and hindcasts
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