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Cloud covers  are a major component of the climate system. They are complex objects 
through which the radiation penetrates, they are mono- or multilayered, vertically and 
also  very  often  horizontally  inhomogeneous,  possibly  made  of  very  complex  icy 
particles. They are involved in a variety of climate feedbacks with sometimes opposite 
signs depending on the cloud cover and it remains unclear how clouds will change with 
a warming climate.

The correct  inference of  macrophysical  and microphysical  properties  of  clouds from 
satellite observations is looked for but remains challenging and necessitates the use and 
synergy of a variety of instrumental concepts. Among the measurements that contain 
informations about cloud properties are the ones using the oxygen absorbing bands, the  
most famous one being the sharply absorbing oxygen A band at around 760 nm. Many 
satellite-based  measurements  provided,  provide  and  will  provide  in  the  future  such 
measurements: POLDER on PARASOL,  MERIS and GOME in the past,  OCO-2, EPIC on 
DSCVR  and  TROPOMI  at  present  time,  3MI,  MetImage,  and  Sentinel  5/UVNS  on  the 
future MetOp-SG satellites.

The concept of measurements in the A band, that yet originated in the 1960’s, is still  
uncommon and certainly not fully exploited. Until now, it is traditionally used to infer 
the altitude of clouds or aerosols layers. Concerning clouds, it was also demonstrated 
that the pathlength of backscattered solar radiation within clouds, considered in most 
applications as a drawback, permit actually a unique vertical sounding of cloud covers, 
even for optically very thick and vertically very extended clouds. It was demonstrated 
that  this  sounding  allows  new inferences  of  cloud  properties,  like  their  geometrical 
thickness and multilayer character. Guided by asymptotic solution of radiative diffusion 
regimes (Van de Hulst, 1980), confirmed by some radiative simulations and first results 
issued from Monte Carlo  modelling,  Ferlay and al  (2010)  and Desmons et  al  (2014,  
2017)  demonstrated  that  POLDER  measurements  in  the  oxygen  A  band,  as  from 
PARASOL/AQUA  plateform,  can  provide  an  unbiased  estimate  of  cloud  boundary 
altitudes and an understanding of within cloud radiation pathlength. This opens the way 
to a unique tridimensional description and statistical analysis of cloud structures using 
passive measurements (Ferlay et al, 2017). If Merlin et al (2016) confirmed and studied 
the limit of this approach, Davis et al (2018) further analyzed that the potential of A-
band  measurements  for  providing  the  cloud  vertical  extent  is  the  result  of  strong 
invariance properties of the statistics of pathlength in multiple scattering regimes.
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The  objective  of  this  thesis  is  to  go  forward  in  the  analysis  of  in  cloud  pathlength 
statistics and the exploitation of measurements in the oxygen A band. The Monte Carlo 
3DMCPOL tool developed in our group (Cornet et al, 2010) will be used to study the total 
in-cloud  solar  radiation  pathtlength  and  the  statistics  of  the  visit  and  pathlength  in 
different subcloud layers. The variation of the radiation pathlengths with the solar and 
viewing directions, with the cloud optical thickness, microphysics and realistic vertical 
profile will be studied.

This  study  will  first  benefit  the  retrieval  of  the  3MI  instrument  on  EPS-SG and  the 
exploitation of  its  multiangular measurements.  It  should lead to improvement in the 
level 2 cloud retrievals such as cloud top altitude and geometrical thickness through the 
inference of in-cloud penetration. It will also be beneficial towards unbiased retrievals of 
water vapor and trace gas in cloudy atmospheres (3MI, TROPOMI, MetImage), or for any 
instrument that performs measurements in absorbing bands, e.g. A band. In addition, 
this study shall provide new understanding and new focus on some challenging cases of  
cloud  detection  and  characterization,  such  as  cloud  layers  above  bright  and  cold 
surfaces, whose influence is essential for the climate, where other instrumental concept 
fail or reach some limits (measurements in popular visible and infrared channels).
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