
A Mars continuum model for calibration 
of the Herschel data

E. Lellouch and R. Moreno (Obs. Paris)
E. Millour (LMD, Paris)



Why use Mars for calibration ?

• Mars is bright and generally well-understood

• Availability of several General Climate Models, reproducing
accurately climate data as a function of latitude, longitude, 
season, and available as database
– surface pressure and temperatures
– temperature and winds in lower and middle (0-40 km) atmosphere

• Here, use surface and sub-surface temperatures taken
from Mars Climate Database (www-mars.lmd.jussieu.fr)

• Reasonable knowledge of surface radio-properties
(dielectric constant, penetration length, surface roughness)  



Methods (1)

• Integrate local radiance from Mars as:

where:
• T(x) = subsurface temperature profile
• kλ =  subsurface absorption coefficient
• R(φ) = Fresnel reflection coefficient, 
depending on dielectric constant ε
• φ = effective emission angle, depending
on surface roughness
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Methods (2)

• For each observing date
– Read from ephemeris geometric parameters (sub-

Earth latitude and longitude, sub-solar longitude, 
apparent radius)

– Determine appropriate
season (i.e. Ls and sol 
number)



Methods (3)
• For each observing date

– Partition martian disk in 50x50 bins
– For each bin

• calculate latitude, longitude and local time
• Query database for surface temperature and 7 sub-surface 

temperatures, using appropriate Ls and sol 



Methods (4)

• For each bin on Mars and each frequency, 
calculate outgoing radiance and local 
brightness temperature from previous
equation

• Integrate radiances over disk for 1) total flux
2) and average brightness temperature

• Convolve radiances with specified telescope
beam to provide 3) main-beam flux 4) mean
Tb in main beam 5) main-beam Rayleigh-
Jeans tempeature



Surface roughness description
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Uncertainties

< 5 %Total, absolute

1-2 %Total, relative

1 %2 K at > 1500 GHz
~0 below

12+/-5(?) λAbs. 
Coefficient (λ)

1.5%3 12°+/-8° (?)Roughness

1.5%32.25+/-0.25Dielectric cst

2.5%5+/-5 K 1Physical T

%Effect (K)ValueQuantity

1 Except for global dust storm



Access from :
www.lesia.obspm.fr/~lellouch/mars















Some comparisons with
Brian Butler’s model








