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ABSTRACT 

Accurate knowledge of scattering properties of ice particles is required in microwave radiative transfer 

calculations since performing microwave radiative transfer has been validated as an efficient tool to obtain 

the microphysical parameters of clouds. The scattering characteristics of ice crystals can be determined by 

many factors, like permittivity, orientation, size parameter, shape, etc [1]. However, the complex 

permittivity of pure ice can be affected by environmental factors, and it is hard to obtain the true value for 

the variance of the environment. A model for ice permittivity [2], which was proposed by Hufford in 1991, 

suggests that the real part of ice complex permittivity is a constant and the imaginary part is a function of 

temperature and frequency.  

Jiang and Wu [3] found that the ice permittivity model of Hufford has uncertainties of about 12% in the 

imaginary part and of 5% in the real part at the frequency range of 100–1000GHz, compared with 

laboratory data. They calculated the errors of extinction coefficient and single scattering albedo for a 

typical particle size of 200 μm diameter, assuming 20% uncertainty in the imaginary part and 5% 

uncertainty in the real part of ice permittivity at the Upper Atmosphere Research Satellite (UARS) and 

Earth Observing System Microwave Limb Sounder (EOS MLS) radiometer frequencies. Kim [4] employed 

another ice permittivity model [5] and calculated the extinction and absorption cross sections and 

asymmetry factors for spherical crystals based on ±20% uncertainty in the imaginary part of permittivity 

of another model [5], and the results showed that the differences of extinction efficiency and asymmetry 

factor are less than 3% for size parameters less than 12 at 340 GHz. 

We calculated the effects of uncertainties in complex permittivity on upwelling brightness temperature at 

the channel frequencies of Advanced Microwave Sounding Unit-B (AMSU-B), 89GHz, 150GHz, and 183 



GHz in this study. The ice crystals are all shaped in spherical particles for simplification and the diameter is 

chosen in the range of 40 to 4000 μm. The particle layers are placed at the height from 9.7 to 11.7 km. All 

the particles are in Gamma-size distribution. The effective diameter is 150 μm, and the effective variance 

[6] is 0.25. The cloud ice mixing ratio of each layer is from 0.0001 kg/kg to 0.01 kg/kg. Assuming complex 

permittivity of ice particles has an uncertainty of ±20% in the imaginary part and of ±5% in the real 

part, absolute errors of brightness temperatures are calculated using vector discrete ordinate radiative 

transfer method (VDISORT) [7]. The results in this paper are given at horizontal polarization at a zenith 

angle of 0°, 30° and 53°, respectively. 

The emerging brightness temperature is declined with the increase in the cloud ice mixing ratio. The 

window channels (89 GHz and 150 GHz) are less sensitive to cloud ice mixing ratio than the water vapor 

channel (183 GHz). In addition, The uncertainty of ±5% in the real part of ice permittivity results in 

greater error of brightness temperature than the uncertainty of ±20% in the imaginary part when the 

effective diameter is 150 um at the frequencies of AMSU-B. The absolute errors of upwelling brightness 

temperature caused by the uncertainties in the permittivity are greater with the increase of the ice mixing 

ratio and at higher channel frequencies. The absolute variations of the emerging brightness temperature 

from the cloudy atmosphere due to uncertainties in the permittivity were found to be more than 1 K. 
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