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Weather variability 

Introduction 



The property of sensitivity to initial (and model) uncertainties  

at the origin of the degradation of the quality of forecasts of  

atmospheric flows 

Property already recognized by  

Thompson (1957, Tellus, 9) and Lorenz (1963) 

From a mathematical point of view: Poincaré (1888; 1908, Science et méthode) 
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Predictability 



Limited predictability: 
about 10-15  days 

(Tellus, 24) 



Climate variability and predictability? 

One important signal: Southern Oscillation Index 

Associated with the development of El-Nino and La-Nina 

El-Nino-Southern-Oscillation (ENSO) 



North Atlantic Oscillation (NAO) 

Positive NAO: Larger pressure difference between  Lisbon ad Reykjavik 
Negative NAO:  Smaller pressure difference 

Hurrell, 2015, "The Climate Data Guide: Hurrell North Atlantic Oscillation (NAO) Index (station-based)." 

Climate variability and predictability? 



Å EMBEDDED IN THE NORTH ATLANTIC OCEAN DYNAMICS? 
Å TELECONNECTION WITH THE TROPICAL PACIFIC? 
Å OTHER PROCESSES? 
    Smith et al, 2014 

Implications?  
Negative NAO 

Positive NAO 

Climate variability and predictability? 



General objective 

To characterize the predictability of the 
atmosphere on seasonal, inter-annual and 
decadal time scales 

Strategy 

·Development of reduced-order climate models, and in 
particular coupled ocean-atmosphere models 

·Analysis of the predictability of atmospheric and climate 
models of various resolutions 



Aim of the presentation 

 To this aim, we are using a  coupled reduced-order  
ocean-atmosphere model, under the assumption that 
the ocean is playing a crucial role on the development 
of low-frequency variability and long term predictability 
 
 
 

Analyze the mechanisms at the origin of the development of  
long term (potential) predictability of the atmosphere 

More specifically we will  use: 
 
- Version of the MAOOAM model over the Atlantic, called VDDG which was 
developed in Vannitsem, Demaeyer, De Cruz and Ghil, 2015, Physica D. 
 
- New version of the coupled ocean-atmosphere model, called MAO(S)OAM with 
different boundary conditions 



Low-order modelling 

These are simplified models containing: 
 
Å  Key ingredients of the ǎȅǎǘŜƳΩǎ dynamics 
Å  Developed on an appropriate basis at the scale of interest 
 
  ex:  Use of empirical orthogonal functions 
   Truncated Fourier series 
 
Many models were developed (see e.g. Sprott, 2010)  
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Procedure 



An idealized low-order coupled 
ocean-atmosphere model 

- QG model for both the ocean and the atmosphere 
 

Vannitsem et al, 2015, Physica D, 309, 71-85, 2015, (VDDG) 
De Cruz et al 2016, Geosci. Model Develop, 9, 2793-2808, 2016. (MAOOAM)  
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The dynamical equations for the ocean-atmosphere model 

For the atmosphere 

For the ocean 

Curl of wind stress 

Friction on a moving 
surface 


