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Sometimes we apply the same name to very different things

i.e.,  ‘climate models’



A semi-empirical climate model (Budyko, 1969)



A more elaborate version of Budyko’s model (CLIMBER, PIK)

Precipitation / mm d-1



A big leap …

Smagorinsky, MWR (1963)



PalMOD (MPI, ECHAM T31)



MPI (STORM Project)



Mid latitude eddies
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… large scale and quasi two dimensional



The Atlantic ITCZ as schematized by Flohn

H. Flohn, Archiv Für Meteorologie, Geophysik Und Bioklimatologie Serie B, (1951)
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… inherently small-scale and three dimensional



First measurements of mean vertical motion in the tropics

Bony and Stevens J. Atmos Sci. (2019)
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… tropical wave trap, rich spectrum of 
motions are coupled diabatically 



Large uncertainties in the representation of tropical 
rainfall

Stevens and Bony, Science (2013)



Remarks

• The type of climate models that many people associate with adjectives such as “sophisticated”, “complex”, 
“comprehensive”, “physically based” distinguish themselves from yet simpler models through their ability to 
resolve the physics of quasi two dimensional mid-latitude eddies and planetary waves, and thus represent 
important coupling pathways within the atmosphere — and to some extent the ocean.

• The vertical coupling among layers in such models remains, however, semi-empirical, and unsatisfactory.

• In the tropics the diabatic processes expressed in this coupling cannot be externalized from the circulation.  The 
necessity of doing so in “comprehensive” climate models has been shown to underpin large systematic errors in 
the tropics, but also in other regimes where vertical coupling is important,



Slide Title



Improved spatial distribution of precipitation over the Atlantic

Matthias Brueck

December 2013 August 2016



Better organized features over SE Asia (China) 

Puxi Li



Improved diurnal cycle over all regions, especially at night

Karsten Peters, Puxi Li, Fabian Senf (diurnal cycle plot);  
Fabian Senf (Relative rain fraction for night time rain); Cathy Hohenegger (Precipitation - WVP distribution)

Precipitation pick-up with WVP‘Cumulative’ distribution
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Three dimensional radiation biases

Analysis by C. Klinger, F. Jakub (B. Mayer lab, LMU)



Fields of shallow cumulus over Barbados

Nuijens et al., Q. J. Roy. Meteor. Soc.(2014)



As seen in simulations

Analysis by Jessica Vial

Parameterized Convection

Storm Resolving Model (Δx = 2.5 km)

Large Eddy Model (Δx = O(100 m))





How well does detailed microphysics constrain simulations?

vanZanten et al., J. Adv. Model. Earth Syst. (2011)

… unlike the case for improved representations of the fluid dynamics, improved 
microphysics shows less evidence of convergence to a single solution.



Empiricism First Principles

CLIMBER-n PalMOD CMIP NWP GSRM LES DNS

A new quality of model with each leap

Each leap is an enormous challenge, solves a fundamental problem, and focuses intellectual effort 
where it can be most effective.



Concluding Remarks

• There are many flavors of climate models.

• We are on the cusp of a major leap in our ability to link the behavior of the climate to basic physical principles. 

• This transformation will solve some, but not all, important problems.  The ones it does not solve are the ones we 
should be focusing on.

• Present day ‘sophisticated’ and ‘comprehensive’ climate models will still play an important role in our science, but 
loose a bit of their authority and no longer need be applied to problems for which they are poorly suited.


