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Multi-Model Ensemble Approach

Errors: || model formulation | initial conditions
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Drift: 1987 — 1998 (48 start dates)
DEMETER ECMWEF UKMO CERFACS

4 5 6 7 & 9 10 11 12 13 14 15 18 17
Calendar month




Nino-3.4 SST Hindcasts: MAE

Mean Absolute Error; 1987 — 1998
DEMETER ECMWF UKMO CERFACS
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ACC: MSLP Tropics

Mean Sea Level Pressure, AGC over Tropics
Model: DEMETER | ECMWF

Start dates: May

Avg. over 2-4 months FC (JJA)
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RPSS: MSLP Tropics

Mean Sea Level Pressure, RPSS over Tropics
Model: DEMETER | ECMWEF

Start dates: May

Avg. over 2-4 months FC (JJA)
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PDF of Grid-Point RPSS: MSLP Tropics

PDF of RPSS for: Mean Sea Level Pressure

Area: Tropics
Forecast start month and years: May / 1987-1999

Average over FC period: 2-4 months (JJA)
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Single vs. Multi-model: ROC

Total Precipitation
oo e 8 Results collected over:
all regions
all start dates
all lead times

MM wins: 777 ( 81.6%)
SMwins: 175( 18.4%)
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Best-Model ROC Score

Test of individual and multi-model ROC skill
(area-averaged) over 8 regions, 4 seasons, 4

events, 2 lead times




Tropical Cyclone Frequency
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Tropical Cyclone Frequency

—=—— FORECAST Observations 2 Standard Deviations
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Verification
Multi-model
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Multi-model Indices

Arctic Oscillation index (leading principal component
of SLP for DJF) for DEMETER ECMWF UKMO |

@® ERA-40 @® Ensemble-mean + Ensemble Spread / Tercile
f

L 1 l 1 1 l 1 l l 1 1 l 1 |
1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Time [years]

ECWMF CNRM MPI
Correlation 0.48 0.26 0.40 0.28 0.15
RPSS 8.7 9.3 -8.8 9.3 6.9
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Multi-model Indices

ROC skill score for Arctic Oscillation index (leading
principal component of SLP for DJF) for DEMETER
ECMWF UKMO |
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Nino-3.4 MAE vs. Ensemble Size

Mean Absolute Error: 1987 — 1998, May starts
DEMETER ECMWF (36 members)
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Impact of Ensemble Size

RPSS (three categories) vs ensemble size
Period : 210 4 (JJA)
Precipitation over the Tropics
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Model Combination

Multi-model approach, in the end, looks for
consensus. This can be achieved by:

— Merging models with equal weights
— Estimating optimal weights for each model

v Weiqht estimation i | | I o

performance

Main difficulty: Finding robust weights
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Model Combinations

Different approaches are available:
— Robust regression (ensemble mean)
— Bayesian combination (oarameiric)




1) Nino-3.4 Bayesian Combination

5-month lead monthly hindcast (In collaboration with Univ. of Reading)

Hindcast MAE (°C) Skill Score  Uncertainty
Climatology 1.16 0% 1.19
Empirical 0.53 55% 0.61
Ensemble 0.37 68% 0.39

~ Combined 031  74% 032

The combined hindcast has:
— A large increase in MAE (and MSE) forecast skill
— A redlistic uncertainty estimate
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2) Brier Score Minimization: Results

ROC skill score for Arctic Oscillation index (leading
principal component of SLP for DJF) for DEMETER
ECMWF UKMO =T
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2) Brier Score Minimization: Results

ROC skill score for Indonesian precipitation (MAM) for
DEMETER ECMWF UKMO
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Proportion of fimes an index performance are
better than a given model (based on ROC):

Comb: 48% : 60%
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Conclusions

The multi-model gives, overall, the best
results, increasing both the predictability
and the reliability of the hindcasts. This

pbehaviour is not just a result of increasing the
ensemble size

~* Preliminary combination tests provide some
positive results, though it does not beat the

simple average multi-model
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