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1. Introduction 
 Multispectral satellite imagery from the 
Advanced Very High Resolution Radiometer 
(AVHRR) can be used to estimate the ice water 
path and effective particle radius of clouds over 
Antarctica.  With validation from surface 
observations from a field program, satellite 
retrieval techniques can extrapolate field 
observations to larger geographic areas and 
longer time scales.  With support from the National 
Science Foundation, satellite tracking antennas 
have been maintained at McMurdo and Palmer 
Stations in Antarctica since 1988 and 1990, 
respectively.  The data from this satellite tracking 
effort have been archived at the Scripps Institution 
of Oceanography's Arctic and Antarctic Research 
Center (AARC) and at the University of 
Wisconsin's Antarctic Meteorological Research 
Center (AMRC).  A large database therefore exists 
for using satellite data to study seasonal and 
interannual variability in cloud properties as they 
relate to atmospheric dynamics and 
thermodynamics. 
 
2. Retrieval Algorithms 
 We developed and tested our retrieval 
algorithms using NOAA-12 AVHRR data from 
1992.  During 1992, ground-based Fourier 
Transform Infrared (FTIR) retrievals of cloud 
optical properties over the South Pole were 
available for intercomparison (Mahesh et al., 
2001).  To retrieve cloud optical properties over 
the Antarctic Plateau, we use AVHRR-measured 
radiances in the infrared channels 3, 4, and 5 (3.7, 
11, and 12 µm center wavelengths, respectively).  
With these three radiances, we can estimate the 
effective cloud temperature, ice water path, and 
effective particle radius using a discrete ordinates 
radiative transfer model (Stamnes et al., 1988).  
The radiative transfer model is set up with a 
vertically inhomogeneous atmosphere coupled to 
a model snowpack.  The snowpack is modeled as 
an optically thick scattering and absorbing layer, 
with radiative parameters (single scattering 
albedo, volume extinction, asymmetry factor) 
estimated using Mie theory (Wiscombe, 1980).  

The radiative parameters are calculated for the 
snow grains using equivalent spheres (Grenfell 
and Warren, 1999).  It is necessary to include a 
rigorous model for the snowpack to simulate the 
surface albedo at 3.7 µm, which is small (of order 
3 - 5%) but non-negligible.  Over clear-sky 
scenarios, the coupled snow-atmosphere radiative 
transfer model is used to estimate an effective 
snow grain size.  For most of the clear-sky 
AVHRR images covering the South Pole during 
1992, the satellite-measured radiances are 
consistent with snow grain sizes larger than 75 
µm.  We can therefore specify the snow grain size 
with confidence, as a lower boundary condition, 
when applying the radiative transfer model to 
cloudy conditions. 
 To estimate cloud optical properties, a 
Henyey-Greenstein phase function is used, and 
the cloud layer's radiative parameters are 
calculated for ice crystal size distributions using 
Mie theory and equivalent spheres (Grenfell and 
Warren, 1999).  Of the cloudy sky AVHRR images 
available during 1992, seven were 
contemporaneous with the FTIR measurements of 
Mahesh et al. (2001).  The satellite-based and 
ground-based retrievals are consistent with each 
other.  From the satellite-based retrievals, the 
effective particle radius for these seven test cases 
ranged from 7.8 - 27.3 µm.  The ice water path 
ranged from 2.1 - 8.4 g m-1.  We therefore see that 
over the Antarctic Plateau, satellite-measured 
radiances are consistent with optically thin clouds 
with relatively small effective particle size.  Recent 
field observations (Professor Von Walden, 
University of Idaho, personal communication) 
indicate that some clouds over the South Pole 
may contain liquid rather than ice water.  If we 
estimate the cloud optical properties using Mie 
theory for liquid water droplets, the retrieved 
effective radius increases by approximately ten 
µm.  This is related to the difference in refractive 
index between liquid water and ice.  Research is 
underway to determine if cloud phase 
discrimination is possible in Antarctic AVHRR 
data, as it appears to be for Arctic AVHRR data 
(Key and Intrieri, 2000). 
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3. Applications 
 This retrieval method is limited to the sunlit 
part of the year, because the solar backscattered 
radiance at 3.7 µm is required.  However, this is 
the time of most interest for weather forecasting at 
McMurdo Station.  By analyzing several years of 
AVHRR data, in conjunction with meteorological 
data (automatic weather station or reanalyses), we 
should gain insight into the processes that govern 
the formation and persistence of cloud cover over 
the Antarctic continent, the Ross Ice Shelf, and the 
Ross Sea.  This retrieval algorithm can be readily 
adapted to Moderate Imaging Spectroradiometer 
(MODIS) data, as well as AVHRR data. 
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