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The understanding of microphysical processes and properties in clouds plays a substantial role in the improve-
ment of existing numerical weather models and forecasting. To gain access to these quantities deep within
clouds, microphysical retrievals based on radar measurements are indispensable tools. Single-wavelength
radar measurements, however, are not enough to properly constrain the microphysical properties of hy-
drometeors like size and shape alone and therefore need to be paired with additional observations like multi-
wavelength or polarimetric quantities. While polarimetric quantities are mainly useful from an oblique per-
spective, multi-wavelength or doppler fall-speed observations are best made vertically and from close distance.

To tackle this observational dilemma we employ the previously developed method of beam-aware colum-
nar vertical profiles (BA-CVPs) to combine a vertically pointing cloud radar in the Ka-band with operational
measurements of two side-looking polarization Doppler weather radars in the C-band which are part of the
national German radar network operated by the Deutscher Wetterdienst. In the next step a microphysical
retrieval is developed incorporating existing approaches based on dual-wavelength ratio and differential re-
flectivity measurements to study the size and shape of hydrometeors. The measurement geometry grants the
opportunity to explore the inclusion of linear depolarisation ratio and Doppler fallspeed velocity measure-
ments in the retrieval to further constrain existing ambiguities. Retrieval results based on simple T-matrix
scattering simulations are compared to results using more sophisticated discrete dipole approximation simu-
lations weighing computational cost against accurate scattering properties of simulated hydrometeors.

The findings of this study in form of more accurate information about ice hydrometeors based on multi-
frequency radar measurements can ultimately be used to improve existing numerical weather models with
regards to ice growth processes and their representation within the models. Naturally, the retrieval can be
applied to any other measurement geometry that combines side- and vertically-pointing radar measurements,
e.g. BA-CVPs of operational weather radars along the flightpaths of airborne or satellite radar measurements.
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