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 moist convection in General Circulation Models 

General Circulation Models (GCMs) resolve the 

large-scale flows in Earth’s atmosphere. 

 

 

Large-scale variables such as temperature, 

pressure and wind velocity are calculated using 

a 3D grid. 

 

 

Horizontal grid point spacings are O(100km). 



 moist convection in General Circulation Models 

Small-scale processes (e.g. moist convection) 

are represented by parameterizations. 
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 data-driven Markov chains 

• Markov chains can be used to produce 

convective area fraction 𝑐 

 

• Transition probabilities inferred from data 

 

• Conditioned on large-scale state 



 data-driven Markov chains 



 Lorenz’96 

Edward Lorenz (1917-2008) constructed a toy-model 

to test parameterizations. 

 

Interacting large-scale variables and small-scale 

variables 

• Lorenz (1995) 
• Wilks (2006) 
• Crommelin & Vanden-Eijnden (2008) 
 



 Lorenz’96 

Crommelin & Vanden-Eijnden (2008) 
 



 Large-Eddy Simulation 



 Large-Eddy Simulation: classification 
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 The Darwin Radar 

-Rain radar in Darwin, Australia 

 

-Radius 150 km. 

 

-Delta t = 10 minute 

 

-Two data sets: 10 Nov 2005 – 15 Apr 2006 

and 20 Jan 2007 – 18 Apr 2007 

 

-Detailed information of cloud top and 

rain rate (2.5 x 2.5 km^2) 

 

--> 

 

calculate convective area fractions 



 The Darwin Radar: classification 



 The Darwin Radar 

-Large-scale data: same period, same 

location from NWP model; 

 

-40 pressure levels 0 – 20km; 

 

-Omega, CAPE, RH 

 

-Cross-correlation analysis --> omega 

 

  

 

 

 

 

 

 

 

 



 The Darwin Radar: convective area fractions 



 SPEEDY 

-Climate model of intermediate 

complexity 

 

-3.75 x 3.75 degree resolution 

 

-8 z-levels 

 

-Prescribed SSTs 

 

-Hydrostatic spectral model 

solving the primitive equations 

 

-deep convection represented by 

a Tiedke mass-flux 

parameterization scheme 
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 SPEEDY 

Multicloud model introduced by Khouider et al. (2010) 
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 Conclusions: 

• Markov chains can be trained 

with data of convection 

 

• Data can be obtained from 

simulations (e.g. LES) or observations (Radar) 

 

• The convective area fractions can be implemented 

in GCMs to serve as a closure for the mass-flux 

at cloud base 

 

• Stochastic parameterizations capture random 

fluctuations in the convective responds as 

observed in nature 

 

• The distribution (pdf) of the daily accumulated 

precipitation improved 

 

 

 

 



 

 

 

 

 

 

 

 

 Outlook 

-Use satellite 

observations to construct 

new representations of 

convection; 

 

-From 24 October 2016 at 

JPL at Pasadena, USA. 
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