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1. Extended Abstract  
 

In satellite communications links, degradation of cross-polarization discrimination (XPD) of the radio wave is caused by 

raindrops and ice crystals along the propagation paths.  In thunderstorm events, moreover, rapid changes in XPD and cross-

polar phase relative to co-polar phase are observed at time intervals of less than 1 sec [1].  These peculiar phenomena are 

possibly related to the change of electric field due to lightning discharges as well as the aerodynamic forces of convective air 

flows [2].  Up to now, however, detailed mechanisms of the rapid changes in XPD and cross-polar phase are not understood 

very well. 

 

In Osaka Electro-Communication University, Neyagawa, Japan, the Ka-band beacon signal (19.45 GHz, right hand circular 

polarization) of Japan’s domestic communication satellites [3] were continuously measured for the 21 years from 1986 to  

2006, using a cassegrain antenna of 5-m diameter, together with 1min rainfall rate.  After the year of 1990, the received signal 

levels including their co-polar and cross-polar components were recorded at 1 sec or 0.1 sec intervals.  In these observational 

periods during 17 years with shorter sampling intervals, the thunderstorm events accompanied with rapid XPD changes are 

observed more than 70 times and more than 2500 examples of rapid XPD changes are obtained in our university.  In this 

study, characteristics of the rapid changes in the observed XPD and cross-polar phase are discussed in relation to the 

alignment of ice crystals due to electrostatic force and convective air flow in thunder clouds.   

 

According to the previous C-band low elevation angle observations conducted by the international satellite communications 

links, almost all rapid changes in XPD showed decreases of XPD values, indicating increases in depolarization of propagation 

medium[4].  In the present Ka-band high elevation angle observations, however, considerable amount of rapid changes in 

XPD shows increases of XPD values, meaning increases of depolarization.  The XPD values and the canting angles of ice 

crystals associated with cross-polar phases are directly estimated at the location of lightning discharges using the observed 

XPD and cross-polar phases before and after the rapid changes.  As a result, the canting angles of ice crystals are shown to be 

centered around 90°and aligned in almost perpendicular direction, while the XPD values are widely distributed in 20-50 dB. 

This phenomenon is consistent with the feature of thundercloud structure recently developed by the cloud physics, and can 

quantitatively explain increase and decrease of the observed rapid XPD changes. 
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