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Zero-order energy balance and 

astrophysical effects on climate 

Without a  

suitable estimate 

of  I: predicted Earth 

average T=-18C, 

observed=14C 
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ENERGY BALANCE MODELS 



EBMs 

Global Circulation Models 
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ESTM – Earth-like Surface Temperature Model 

Vladilo+ 2013, 2015 
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ESTM features 

• Physical characterization of  the diffusion term D (tested with 

GCM aquaplanet, Kaspi & Showman 2015) 

• Scaling laws for D with surface pressure, gravity, planet radius, 

rotation period 

• Exact calculation of  insolation S as a function of  orbital 

eccentricity and axis obliquity 

• Evolutionary tracks of  stellar luminosity (PARSEC, Bressan+ 2012) 

• Vertical radiative transfer: CCM routines of  NCAR climate model 

• Surface properties: schematic  geography (ocean cover fraction) 

• Models for cloud covering and ices 

 

• Incoming: upgrading vertical trasport to a broader range of  

atmospheric chemical compositions 
 



Red crosses : ERA Interim 2m 

temperature profiles (average 1979-

2010) 
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Parameters affecting habitability 

Insolation: S=0.9, 1.1 S0 

Pressure: 0.5,4 bar Rotation period: 2d, 0.25d 
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Symbol color:  

mean temperature 

Symbol size:  

mean habitability 

A P R  1 S T ,  2 0 1 6  

F O F  -  C O R D O B A ,  A R G E N T I N A  



A P R  1 S T ,  2 0 1 6  

F O F  -  C O R D O B A ,  A R G E N T I N A  



A P R  1 S T ,  2 0 1 6  

F O F  -  C O R D O B A ,  A R G E N T I N A  

Gravity, p(CO2) and atmospheric chemical composition are Earth-like 



BIOLOGICALLY-DRIVEN 

TEMPERATURE-DEPENDENT 

HABITABILITY CRITERIA 
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Complex organisms 

Cyanobacteria(photosyntesis) 

         athmospheric biosignature 

(…holds on Earth: how universal is this?) 

Silva, Vladilo, Schulte, Murante, Provenzale, Int, J. Astrobiology, accepted 



COMPLEX LIFE VS LIQUID WATER 

HABITABILITY 
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• Many astrophysical and planetary parameters affect the surface 

temperature of  exoplanets 

• Some of  them will not be observable in the near, or  not so near, 

future 

• The very definition of  habitability is debatable 

• Simple, fast climate model can be used to explore parameter space 
and evaluate the probability for  planet with given, observed 
characteristics to be habitable (given a definition!) 
 

 

• Such studies may help in identifying the most promising targets for a 

future search of  atmospheric biosignatures  
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CONCLUSIONS: HABITABLE ZONE NEEDS 

MORE DIMENSIONS 
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