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            A better  quantification of cloud ice and liquid water content is necessary for 

climate research to  improve our knowledge of cloud and precipitation processes and for 

validating global climate models. The climatologies of Ice Water Path (IWP) in different 

climate models show considerable disagreement.

The main scientific goal of the planned academic work  is to develop a retrieval 

algorithm for ice and liquid water path from satellite measurements in the millimeter / 

sub-millimeter wave spectral range. This work is one of the primary objectives of the 

project SUBMIC (Sub-Millimeterwave observation of Ice clouds), which  has the goal 

of developing scientific retrieval algorithms for future satellite missions by the European 

Space agency (ESA) related  to cloud studies. The first  step towards this goal is the 

generation of   training  profiles  which  essentially  represent  all  the  possible  diversity 

existing in the atmosphere. Training data sets comprise satellite radiances and associated 

atmospheric  states.  The  radiances  can  be  either  satellite  measurements  or  simulated 

radiances  using  a  radiative  transfer  model  such  as  ARTS  (Atmospheric  Radiative 

transfer Simulator). Data from the CLOUDSAT and CALIPSO (Cloud-Aerosol Lidar 

and  Infrared  Path  finder  Satellite  Observation)  missions  will  be  used  to  derive  an 

ensemble  of  realistic  cloud  scenarios  for  simulating  the  radiances  using  ARTS.  The 
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cloud  profiling  radar  in  CLOUSAT   operating  at  94GHz   measures  the  power 

backscattered by clouds as a function of distance from the radar. CALIPSO on the other 

hand combines an active lidar instrument with a  passive infrared and visible imager to 

study the vertical structure and properties of thin clouds and aerosol. 

                   The non-linearity between spectral measurements and atmospheric states 

(cloud  properties)  necessitates  the  use  of  non-linear  algorithms  for  inversions.  The 

planned  non-linear algorithms for retrieval studies are based on Fuzzy logic, Genetics 

(Genetic Algorithm) and Artificial Neural Networks (ANN). After training the retrieval 

algorithm with the diverse dataset (Spectral radiances & Cloud properties) its potential 

will be tested using available AMSU (Advanced Microwave Sounding Unit) data. The 

retrieved products will be compared with the other similar satellite products to infer the 

relative merits / demerits of the applied algorithms.

          The attenuation of  radiation in the presences of scattering is a function of 

wavelength.  If  particle  size  is  small  high  frequency  radiations  are  scattered  more 

effectively than the  lower one.  Therefore  in  addition to microwave measurements 

infrared measurements have been used to resolve thin clouds which is insensitive to low 

frequency microwave radiations. This requires the further development of the radiative 

transfer model ARTS  to simulate  radiances at infrared frequencies. The performance of 

the ARTS model in simulating  radiances in the infrared regime will be tested against 

satellite measurements and other well established radiative transfer models. 

                  A simulation study using ARTS  is also  planned to simulate CIWSIR (Cloud 

Ice Submillimeter Imaging Radiometer) radiances in the submillimeter (300-1000Ghz) 

frequency  range  making  use  of  the  database  generated  from  the  aforementioned 

procedure. CIWSIR is a mission planned by  ESA for cloud studies which will measure 

radiances in the  submillimeter wavelength range.
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