
Dual-Polarization Radar

from Chapter 7 in Rauber & Nesbitt, Radar Meteorology: A First Course



• LDR is only observed with research radars having a special hardware configuration.


• ZHH and ZDR in rain for specific droplet diameters at different radar wavelengths:

Z, ZDR, LDR



• ZDR measurements in ice and mixed-phase precipitation.


• A common observation in deep convective updrafts containing 
mixed-phase regions is the ZDR column.


• In pristine ice crystals and snow aggregates, ZDR provides 
information about the shape and orientation of the particles.


• Complex shapes of dendrites leads to positive ZDR. Dendritic 
growth layer is -13 to -18 C.


• Aggregates tend to be more spherical and tend to cant/flutter 
producing ZDR ~ 0 dB.


• In snow, ZDR ~ 0 dB and ZHH > 30 dBZ indicates moderate to 
heavy snowfall rates.

Z, ZDR, LDR



• Phase of received wave differs from that of transmitted wave 
due to interaction with particles in the radar volume as well 
as during the propagation along the radar beam’s path.


• In a Doppler radar, the phase shift relative to transmitted 
wave of a number of samples is used to determine the 
Doppler velocity.


• A dual-pol radar also measures the phase shift of each pulse 
at each polarization.


• Assume that Doppler phase shift is the same for 
polarization, the remaining phase shift  is due to 
polarization-dependent interactions with hydrometeors. 

Polarization and phase



• Propagation differential phase shift ( ):


• The index of refraction of a medium ( ) is related to the speed of electromagnetic 
radiation in that medium. (In a vacuum, .)


• In water, n ~ 8 at S-band: slower propagation. But mixing ratio of water is small, so slowdown is 
not large. 


• Effects are proportional to water content in radar volume (for a given particle oblateness).
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• Specific differential phase ( ):


•  ~ range derivative of . 
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• When is  significant in real 
hydrometeors?


•  can be shown to be 
directly related to mass-
weighted droplet axis ratio 
(“oblateness”).


•  ~ number concentration 
and oblateness of droplets.


• Allows for accurate estimates of 
liquid water content and 
precipitation rate.
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• Co-polar correlation coefficient ( )


• We compare the time series of the complex 
amplitudes of the returned radar signal at each 
polarization.


• Mixtures in sizes and shapes of the particles within a 
radar volume will lower . 


• The tornado debris ball is an example of non-
meteorological objects lowering .
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Hydrometeor Classification

fuzzy-logic algorithm




