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•  Composed of 3 research groups: 

•  Climate Dynamics and Impacts Unit (UDIC) 
•  Focus on health impact 

•  Oceans and Atmosphere Lab (LAO) 

•  Climate Forecasting Unit (CFU) 
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Climate Prediction 
• Improvement of climate 
prediction systems at s2d scale 
• Forecast quality assessment: 
attribution (source of 
predictability), diagnosis of climate 
forecast weaknesses 

Software Development and IT 
• EC-Earth 
• s2dverification R package 
• Auto-submit 
• Code optimization, … 

Climate Services 
• Orient research 
• Development products in partnership 
with industry 
• Develop platforms to disseminate 
knowledge 
•  2 projects: TC predictions. Wind 
power production 

Atmospheric Composition 
• Development of air quality forecast 
model (chemical-aerosol/weather) 
for urban areas 
• Investigate atmospheric 
composition processes and their 
effects on weather, climate, air 
quality 

4 groups 
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Tools we use… 

•  Global Climate models: 

•  Combination of IFS, NEMO, OASIS coupler 
•  New standard resolution: T511, ORCA0.25 

•  Freeware only (we’re poor) : bash, python, R, … 
•  We maintain a R package: s2dverification 

•  Git, GitLab for software development 

•  Hardware:  
•  local cluster (384 cores)  
•  0.5PB of storage 
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Climate system predictability 
!   Memory on interannual to centennial 

timescales in the ocean 

!   Memory on seasonal to interannual 
timescales in the sea ice and land surface 

!   External radiative forcings (solar activity, 
greenhouse gases, aerosols) 
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Nov 2000   Nov 2001   Nov 2002   Nov 2003   Nov 2004   Nov 2005   Nov 2006 

CMIP5: ensemble forecast systems using an initialized ESM 
Ensemble initialized near-term predictions 

120Tb 

1 experiment: 120Tb 
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Near-term climate predictions make use 
of information related to anthropogenic 
climate change, natural forcings and 
natural variability. 
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Observations 
 1960  2005 

5-member 
prediction started 

1 Nov 2005 

… every 5 years … 

… until 2009 

5-member 
prediction started 

1 Nov 1970 
5-member 

prediction started 
1 Nov 1965 

Experimental setup : 1 grid-point 

Focus on averages over 
forecast years 2 to 5 
Ensemble-mean 

5-member 
prediction started 

1 Nov 1960 
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 1960  2005 

… until 2009 

Experimental setup : 1 grid-point 

As many values as hindcasts for 
both the model and the observations 
to compute skill scores. Ex : 
correlations 
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Typical decadal forecast skill – IPCC AR5 

Doblas-Reyes et al. (2013) Nature Communications 

(Top row) Root mean square skill score (RMSSS) of the ensemble mean of the initialised 
predictions and (bottom row) ratio of the root mean square error (RMSE) of the initialised and 
uninitialised predictions for the near-surface temperature from the multi-model CMIP5 
experiment (1960-2005) for (left) 2-5 and (right) 6-9 forecast years. Five-year start date interval. 

Added-value from initialisation 

Skill 
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Global mean Sea Surface Temperature  

Predictions of the XXIst century hiatus 

Forecast years 1 to 3 
from climate 
predictions initialized 
from observations 

Observations 
(ERSST) 

Guemas et al (2013) Nature Climate Change 

EC-Earth2.3 CMIP5 decadal climate predictions capture the hiatus  
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Predictions of the XXIst century hiatus 

Observations 

EC-Earth historical 
simulations starting from 
1850 preindustrial 
control simulations 

Forecast years 1 to 3 
from EC-Earth climate 
predictions initialized 
from observations 

Crucial role of initialization from observations in capturing the plateau 

Guemas et al (2013) Nature Climate Change 



Climate Forecasting Unit 

Predictions of the XXIst century hiatus 

Ocean heat uptake (0-800m excluding the mixed layer) at the onset of the plateau 

Guemas et al (2013) Nature Climate Change 

Plateau explained by increased ocean heat uptake 
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4. VERITAS (European Space Agency)"
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IC3 role: Project coordinator 

Call: FP7 Environment and Climate  

Description: Deliver a new generation of European climate forecast 
systems, with improved forecast quality and efficient regionalisation tools.  

Total budget: ~12,000,000! 

Timeframe: 2012-2016  

SPECS: Seasonal-to-decadal climate Prediction for 
the improvement of European Climate Services 
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Some open fronts 
"   Work on initialisation: generate initial conditions (e.g. for sea ice, ocean). 
Compare different initialisation techniques (e.g. full field versus anomaly 
initialisation), better ensemble generation. 

"   Improving model processes: Inclusion and/or testing of model components 
(biogeochemistry, vegetation, land, aerosols, sea ice) or new 
parameterizations, model parameter calibration, increase in resolution. More 
efficient codes and adequate computing resources. 

"   Calibration and combination: empirical prediction (better use of current 
benchmarks), local knowledge. 

"  Forecast quality assessment: scores closer to the user, reliability as a main 
target, process-based verification, attribution of climate events with successful 
predictions, diagnostics of model weaknesses with failing predictions 

"   More sensitivity to the users’ needs: going beyond downscaling, better 
documentation (e.g. use the IPCC language), demonstration of value and 
outreach. 
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The climate prediction drift issue 

Observed world  

Retrospective prediction ( hindcast ) affected by a strong 
drift, need for a-posteriori bias correction 
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Biased model world 

Danila Volpi 
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The climate prediction drift issue 

Observed world  

Biased model world 

Retrospective prediction ( hindcast ) affected by a strong 
drift, need for a-posteriori bias correction 
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Retrospective prediction with anomaly initialization 

Danila Volpi 
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Anomaly versus full-field initialization 

 RMSE AMO.   RMSE PDO. 

 RMSE sea ice area.   RMSE sea ice volume.  
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Volpi et al (2015) Climate Dynamics 
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IC3 role: Partner, WP leader and energy case study representative 

Call: FP7 Environment and Climate 

Description: Develop prototypes (6) of climate impact prediction services 
on seasonal to decadal timescale.  Increase the ability of businesses and 
government in making decision in climate sensitive sector. 

Total budget: ~12,000,0! 

Timeframe: 2012-2016  

EUPORIAS: EUropean Provision Of Regional 
Impact Assessment on a  

Seasonal-to-decadal timescale 
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IC3 role: Project leader 

Call: National – Spanish Ministry of Industry 

Description: Strengthen the efficiency and security of the European energy 
network using the state-of-the-art from subseasonal-to-seasonal climate 
predictions of wind power supply and temperature-related demand, 
developed in co-production with end users. 

Special focus on the Iberian Peninsula and the North Sea region where 
wind power supply has significant impact. 

Timeframe: 2014-2016  

RESILIENCE: Strengthening the European  
Energy Network with Climate Services 
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INDEX: Wind Power Information 

0 Estimation Capacity 1 

RESILIENCE 
service 

Target 

In Europe In USA / Tropics 

Current  
service 

CLIMATOLOGY 

PREDICTIONS 

Climate Forecasting Unit 
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EDF, energy producers; RTE, grid operators: !
Wind resource management for improved grid operations!

Marexspectron, energy traders: !
Wind power resource effects on financial markets!

Alstom/GE, wind farm developers and operators: !
Optimise planning for maintenance works!

GE/EDPR, wind farm investors: !
Optimise return on investments, manage risk of low return periods!
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Anticipate and Identify Vulnerabilities and Risks 

    Facilitate strategic climate adaptation action 

Ability to make decisions earlier 

Avoid subjective decision making 

Take calculated precautionary action 

Potential cost saving 



Climate Forecasting Unit 

                   

50 

Climate Forecasting Unit 



Climate Forecasting Unit 

                   

51 

Climate Forecasting Unit 

http://clients.stefaner.eu/euporias/1.2.6/  
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Decision Support Tools 

Halcrow Water, 2013.  
UK Environment Agency. 

Application of Probabilistic Forecasting  
in Flood Incident Management.  


