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Introduction. For about forty years, many scien-

tific teams around the world have been developping 
Earth atmosphere numerical weather prediction models 
(designed to predict the weather a few days in ad-
vance) and Global Climate models (design to fully 
simulate the climate system and its long term evolu-
tion).  Such models are now used for a countless num-
bers of applications, including tracer transport, cou-
pling with the oceans, the biosphere or the geological 
CO2 cycles, photochemistry, data assimilation to build 
data derived climate database, etc... 

Because these models are almost entirely built on 
physical equations (rather than empiric parameters), 
several teams have been able to succesfully adapt them 
to the other terrestrial planets or satellites that have a 
solid surface and a thick enough atmosphere. In our 
solar system, that includes Mars and Venus, but also  
Titan, Triton and Pluto. For each of these models, and 
in particular Mars and Titan, the initial “General Cir-
culation Models” (which goal were mostly to predict 
the thermal structure and the dynamics) are becoming 
“Global Climate Models” able to also simulate the 
climatic cycles of aerosols, clouds, frost, the photo-
chemistry, etc... 

Virtual planets. The ambition behind the devel-
opment of such models is high  : the ultimate goal is to 
build  numerical simulators only based on universal 
physical or chemical equations, yet able  to reproduce 
or predict all the available observations on a given 
planet, without any ad-hoc forcing.  In other words, we 
aim at creating in our computers virtual planets “be-
having” exactly like the actual  planets. In reality of 
course, nature is always more complex than expected, 
but we learn a lot in the process.  

Composite models. In practice Global Climate 
Models are built by assembling different “parametriza-
tions”: sub-models designed to simulate a specific 
physical or chemical process quickly, and accurately. 
In practice, GCMs simulate at least (a) the motion of 
the atmosphere, including heat and tracer transport on 
the basis of the Navier-Stokes equations, (b) the heat-
ing and cooling of the atmosphere and surface by solar 
and thermal radiation (i.e.,the radiative transfer) (c) 
The storage and diffusion of heat in the subsurface (d) 
The mixing of subgrid-scale turbulence and convection 
and (e) the formation, transport and radiative effects of 
any clouds and aerosols that may be present. 

Additional levels of complexity may include ice 
formation / sublimation, interaction with oceans, and 
even the effects of vegetation and the biosphere. a) c) 
and d) are almost universal processes. We have 

learned from studying the solar system that the corre-
sponding parameterizations can, in theory, be applied 
without changes to most terrestrial planets. We have 
also learned that testing such terrestrial parametriza-
tions in extreme extraterrestrial environment can reveal 
weaknesses in their formulation. In most cases, to 
simulate the climate on a new planet, the first chal-
lenge is to develop a radiative transfer code fast 
enough for 3D simulations and versatile enough to 
model the chosen atmosphere accurately.  

In this review talk, we will present the adaptations 
that have been necessary to develop GCMs for Mars, 
Titan and Venus from Earth GCMs. These models 
have then followed their own developments, with 
many successes in understanding these climates. We 
will give exemples of mutual benefits, related to the 
common base for all these models. 

  What we learn.  
Applying Global Climate Models to other planet 

have first shown that, to first order, “they work”: A 
few equations can build « planet simulators » with a 
realistic, complex behaviour and strong prediction 
capacities. However, these projects have also revealed 
that in some cases simulating the real climate and me-
teorology can be extremely challenging. The main 
issues are related to  

• Positive feedbacks and unstability (e.g. sea 
ice and land ice albedo feedback on the Earth)  

• Non linear behaviour and threshold effect 
(e.g. dust storms on Mars)  

• Complex subgrid scale process and poorly 
known physics  (e.g. clouds on the Earth) 

•  System with extremely long « inertia » with 
small forcing (e.g. Venus circulation, which . 
also seem to be surprisingly sensitivite to 
intrinsinc dynamical properties) 

Mastering the development of terrestrial planet 
Global Climate Models has many interests. On the one 
hand, we can aspire to develop models able to realisti-
cally simulate any kind of climate for any planet (such 
a model is under development in our institute), to gen-
eralize our solar system experience to extra-solar plan-
ets. On the other hand we can test the robustness and 
the universality of the methods used to prepare our 
future. The Earth GCMs still have many parameters 
finely tuned to reproduce the numerous observations 
that are available.  How robust are these models under 
evolving conditions ? To which extend may we trust 
them when exploring Earth's future ? 
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