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Murphy, Wea. Forecasting, 1993 

1) The forecast corresponds to the best judgment 
based on a priori knowledge 

2) The forecast corresponds to observed conditions 
during the forecast period 

3) The forecast results in incremental economic 
and/or other benefits 

Consistency 

Quality 

Value 



Verifying a weather forecast 

is quite straightfoward 

Will it rain 

tomorrow? 
Yes No Yes Yes Yes No Yes Yes No No 

(This example is purely fictitious) 

Yes Yes Yes Yes No Yes Yes Yes No 

Score 1 0 1 1 1 1 1 1 0 1 

Score= 8 / 10 = 0.8 

Yes 
Did it actually 

rain? 
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From all the times that the forecast system 
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No No Yes Yes No No Yes No No No 
Did it actually 
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Will it snow for 

Christmas? 

(This example is purely fictitious) 

Verifying a climate forecast is 

a long and painful process 
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NAO forecasts with the UK MetOffice system 

North Atlantic Oscillation forecasts 

from months to a year 
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[Pepler et al., Weath. and Clim. Extr., 2015] 
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OBS 

Predictions 

Median + IQR 

[Hamilton and Stroeve, Polar Geog., 2016] 

Arctic sea ice: no good 

predictions beyond the trend  
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1. What is a climate prediction system? 

2. What is a good climate prediction? 

3. Are today’s climate predictions good? 

Outline 

Much more than a model 

In some cases, there is skill. The emerging field of « climate services » 

attempts to find value in the forecasts.  

One for which the climate prediction system is well designed 





1.  Climate Prediction is a science in-the-making 

The field was literaly « born » 10 years ago with 

the advent of high-performance computing 

2. It’s a field with high expectations 

 Potential benefits for society are enormous 

3.  Hindcasting is not forecasting 

 « Everything is obvious once it has happened » 

Climate prediction: where are we? 



Thanks! 

francois.massonnet@uclouvain.be 

 

@FMassonnet 

mailto:francois.massonnet@uclouvain.be


True correlation = 0.3 (effect) 

Low power  If negative results are not published, 

reported correlations overestimate true correlation 

Sample correlation and 

confidence interval 

False negative (type-II error) 

Importance to better design experimental 

protocols and report negative results 



High power  Reported 

correlations reflect true correlation 

True correlation = 0.3 (effect) 

Sample correlation and 

confidence interval 

Importance to better design experimental 

protocols and report negative results 



Predictability beyond weather time 

scales: importance of couplings 

http://www.climate.be:3000/TECLIM/ClimateData.git 

C 1/e 

C 
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One of the very first 

decadal forecasts 

[Allen et al., Nature Geosci., 2013] 

CMIP5 

(no init) 

Observed 

Forecast issued 

in 1996 

Noise 



Short-wave 

SST bias 

-2 C +2 C 0 C 

Identifying and explaining the origin 

of climate prediction drift 

Exarchou et al., 2017 (in revision) 

Seasonal predictions of EC-Earth 

SST November bias 
November bias in the 

sea surface heat fluxes 

Latent 

Sensible 

Long-wave 

Africa 



Higher horizontal resolution 

increases ENSO skill 

Prodhomme et al., J. Clim., 2016 

High Res 

Low Res 

ENSO skill 



The quality of a prediction does not 
only depend on the model used 

Observational 

reference 
Model 

prediction 

Skill score 

(e.g. correlation) 
correlation between forecast 

and observational reference 

1 0 

Lorenz, J. Atm. Sci.., 1963; Orrell et al., Nonlin. Proc. Geoph., 2001; Okuro et al., Int. J. Rem. Sens., 2014; Scaife et al., GRL, 2014. 

Irreducible (inherent) error 

 

Model, forcing, initial 

condition errors 

 

Observational error 

 

Limited sampling 



The emerging role of observational 
uncertainty in forecast verification 

Massonnet et al., Science (2016); Mudryk et al., Geophys. Res. Lett. (2017); Sospedra-Alfonso 

et al., J. Clim. (2016), Gómez-Navarro et al., Geophys. Res. Lett. (2012); Candille and Talagrand, 

Quat. J. Roy. Met. Soc. (2008); Bowler, Meteorol. Appl. (2008). 

• Verification products are uncertain, too! 

 

• Observations and predictions can be 

viewed as two noisy instances of the 

same, unknown truth 

 

• Forecast verification scores must account 

for uncertainty in observations 

 



[Matei et al., Science, 2012] 

Atlantic Meridional Overturning 

Circulation: skill (?)  

http://www.rapid.ac.uk/rapidmoc/rapid_da
ta/transports.php 

OBS 



[Doblas-Reyes et al., Nature Comm., 2013] 

Decadal prediction: skill essentially 

stems from forced component 

CMIP5 decadal forecasts of near-surface air temperature skill (RMSSS) 

Marginal skill due to ocean initialization (ratio RMSSS) 

Years 2-5 

Years 2-5 

Years 6-9 

Years 6-9 



[Doblas-Reyes et al., Nature Comm., 2013] 

… but initialisation matters! 

Global-mean temperature  Atlantic Multidecadal 

variability index 
No init 

Init Init 

No init 
OBS OBS 


