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These ensemble predictions are averaged over a period (weeks, months ) and provide 

probabilities of anomalous conditions (temperature/precipitation)

The skill of these prediction stem from the long-term variations associated with 

phenomena such as ENSO and MJO.

Uncertainties in the ocean become dominant .
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ECMWF produces ensemble forecasts for extended and seasonal ranges 

Forecast Th24Nov 2022 valid :Mon5-Mon12Dec 2022 
(+432)  Prob for lower third of the climate distr.

Multi-model C3S plumes
https://climate.copernicus.eu/charts/

Week 2.5 



The operational extended range ensemble prediction system:
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2004           2008                2010                2011             2012              2015                      2023    
TL159
IFS+Hope
51m
Issued weekly
32day
12 years/5m rfc

Tl399/Tl255
VAREPS
51m
18 years /5m rfc

T639/T319 IFS+NEMO
2- weekly 20 years rfc

Issued weekly
46day
2-weekly rfc -11m

Daily
101-members
Fixed resol. T319

wide range of products 
growing interest and demand to access these forecasts 



Recent Forecasts:   cold spell over Europe 
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Blocking +

Blocking -

NAO +NAO -

Week 2
Prob. for 2mt in lower 20% of climate
For. 28 Nov 2022 – valid time: 5-12 Dec 2022 Week 2



How accurate are likely to be such forecast ?
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Ferranti et al 2019 QJRMS 

Bivariate correlation 

The predictability of such events (BLONAO-)  is enhanced by 
tropical–extratropical teleconnections resulting from MJO activity. 

week 2  

Useful skill beyond 2weeks 
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The extended range forecast skill is increasing

Skill evolution for the MJO predictions
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Frederic Vitart

The skill in predicting MJO evolution is about 4weeks ahead in 
S2S models



These early studies aimed to evaluate the mean bias sensitivity to model formulation and 

horizontal resolution  and boundary forcing

8EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

At ECMWF research on predictability beyond the medium 
range started in the ’80s: 

The research plan approved by ECMWF Council 1986: “ 
Extended range integrations will be needed to study 
systematic error and atmospheric predictability”



Diagnostic of model performance, assessment 
of model climate statistics - (mean biases and 
variability) - analysis of AMIP integrations

Evaluation of predictability beyond the medium 
range using time-lagged ensembles of 120days 
simulations forced by obs. SST and run 
simulations with idealized SST anomalies.

Diagnostic and predictability section (September 1987) :

C. Branković, F. Molteni, E. Klinker, T. Palmer,
S. Tibaldi, L. Ferranti



Tropical-extratropical interaction associated with the MJO and its impact on the 
forecast skill
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Phase 6-7

Phase 2-3

Ferranti et al. 1990:  J. Atmos .Sc. 

Beyond medium range the impact of tropics on the extra-tropics  
is important particularly during period when the MJO is active

Control
…. Rel. verifying analysis
- - - Rel. initial analysis
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Seasonal forecasting experimentation is included in the ECMWF activity:

The review paper by Palmer and Anderson (1994 in QJRMS)  lead to the 
Council’s decision to approve the development of seasonal predictions 
(December 1994)

11
Fig. 16c) Freq. of clusters from simulated 5-day mean 
(solid) DJF1986/87 (hatched) DJF1988/89

PNA+   PNA-



Seasonal forecasting: rapid progress

PROVOST (1995-1998). (European proj. Predictions of Climate 
Variations on Seasonal to interannual timescales)

Development of the first real-time seasonal forecast system -
successful prediction of El Nino 1997/1998 and La Nina 
1998/1999 (Stockdale et al. Nature 1998)

The Seasonal ensemble forecasting system became operational 
in 2000 

12EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



European projects: DEMETER and ENSEMBLES  

Development of a European Multimodel Ensemble system for seasonal to 
inTERannual prediction (DEMETER) (2000-2003) developed of well validated 
coupled multi-model ensemble system for seasonal predictions
Multi-model combinations are more skilful than single models and the benefit is not just associated with a 
larger ensemble - DEMETER data was used to run crop yield and malaria predictions model, establishing 
practical utility in different sectors - Data availability to promote further studies and training

The award was made in recognition of their paper entitled “Development of a European Multimodel

Ensemble System for Seasonal-to-Interannual Prediction (DEMETER)” BAMS, 2004

EUROSIP first operational multi-model system (2005-2019) - a legacy 
from DEMETER – 3 European coupled systems, real-time digital and 
graphical products

ENSEMBLES (2004-2009) focus on the development of predictions of 
climate from season to decades. Produce climate information and the 
associated uncertainties - probabilistic climate predictions for Europe
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DEMETER  awarded the Norbert 
Gerbier Mumm International Award

Prof. A.P Morse, Dr Renate Hagedorn (Director 
Weather forecasting services at DWD)  and Dr 
Francisco Doblas-Reyes (Director of Earth 
Sciences at BSC). June 2006



Conclusions:
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At ECMWF, the research on ensembles and predictability done in the ’90 provided the foundations of seasonal 
and extended range ensemble forecasting. 

The development of an initialized dynamical ocean model coupled with the IFS, so essential for seasonal 
predictions, can be seen as an important step towards the current "Earth System modelling and data 
assimilation" at ECMWF.  

Extended and seasonal ensembles are necessary components for the provision of a seamless probabilistic 
prediction of weather to climate which is so much in demand for humanitarian disaster risk management, 
commercial applications and for NMHs use. For this reason, it would be desirable to consider these forecast 
ranges as an integral part of the ECMWF ”core” activity. 

Tim played a crucial role in paving the road to the current ECMWF capability in providing high quality probabilistic 
forecast from weather to climate.
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Frederic Vitart

The S2S project has
provided a substantial
contribution
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Extended range predictions with time lagged ensemble 
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The ens. mean was consistently more skillful than its control at day 11-20.

By investigating the reason for the failure of a specific ensemble (for Jan 1986) they 
showed the skill sensitivity to model formulation suggesting that “ a methodology for Monte 
Carlo forecasting should include perturbations to model formulation as well as perturbations 
to initial conditions.”

They also showed that the large-scale systematic errors in the tropics was a hindrance in 
assessing the extended range predictability. 

They concluded by saying: 
“ Given the results ….. we believe that prediction beyond the medium range is not currently 
viable. However, when forecast systematic error, particularly in the tropics, is reduced
and when techniques that can identify the most rapidly growing pert. have been fully 
developed, then ….. probabilistic forecasting of time-mean weather may be feasible up to 2-
3 weeks ahead.”

16 ensembles of time lagged forecast up to 30 days with realistic SST - Ensemble of 9members started 
from consecutive 6h analysis (Brankovic et al 1990 QJRMS part.3)
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