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Retrieving information about latent heating and cooling rates in precipitation from radar data has long

been desired. In stratiform precipitation, cooling due to melting and evaporation can have dynamical

consequences and result in sudden changes of precipitation type at the surface. The cooling rate within

the melting layer has historically been estimated by budgeting the hydrometeor content estimated from

reflectivity (Z) above and below the melting layer or, more recently, by using model-generated look-up

tables of diabatic heating profiles scaled by the intensity of the observed radar brightband. However, the

polarimetric characteristics of the melting layer have yet to be thoroughly explored for what microphysical

information they may contain. Through azimuthal averaging, quasi-vertical profiles (QVPs) offer a way to

obtain robust time series of the polarimetric brightband in stratiform precipitation. 

 

In this study, a one-dimensional spectral bin model of melting snow and graupel with a coupled

T-matrix-based polarimetric radar operator is used to study the relation between the simulated

polarimetric radar brightband and the melting layer cooling rate. Sensitivity tests using a fixed particle size

distribution (PSD) show that the height and thickness of the brightband, and the maximum Z and specific

differential phase shift (KDP), are all sensitive to the ambient lapse rate and moisture profile while the

maximum differential reflectivity (ZDR) is not. Based on in situ observations, 2700 simulations were

performed that encapsulate the range of typical environments and PSDs in stratiform precipitation.

Results indicate that the maximum Z, ΔZ, and ZDR in the brightband are poorly correlated with the

maximum cooling rate within the melting layer. In contrast, the maximum KDP is highly correlated with the

maximum cooling rate due to their proportionality to similar moments of the PSD during melting. These

results are robust across the weather radar wavelengths examined but sensitive to the assumed aspect

ratio of snow. Additional simulations were conducted to investigate the plausibility of various possible

causes of brightband sagging observed in QVPs. In addition to riming, a concurrent increase in

precipitation intensity and aggregation, and the attendant increase in diabatic cooling, appears to be a

plausible cause of sagging brightbands. These results are discussed in the context of a new push toward

incorporating polarimetric radar data into thermodynamic retrievals for a wide-variety of processes.
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