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The focus of our study is on documenting winter precipitation microphysical processes and investigating a 

connection between microphysical properties of snow and multi-parameter radar observations. The power-law 

Z = aSb is widely used to convert radar observations to snowfall rate (e.g. Marshall and Gunn 1952, Sekhon and 

Srivastava 1970, Rasmussen et al. 2003, Huang et al. 2015), albeit coefficients of this relation vary. As it was 

stated by Rasmussen et al. 2003: “it is not possible to specify one Z-S relationship that will work for every winter 

storm”. So an algorithm for an adaptive selection of the Z-S coefficients is needed. The pre-factor a and the 
exponent b depend on physical properties of the hydrometeors and the particle size distributions. 

In this study we investigate what microphysical properties of snow affect the Z-S - relation. As snow 

characteristics within storm vary on temporal scale of minutes, our interest has been on gathering data set of 

particle fall velocities, shape and size parameters and particle size distributions (PSDs) in sufficient short time 

intervals to capture the changes. Our main instrument has been the video imaging disdrometer, Particle Imaging 

Package (PIP), which we have utilized for studying the snowfall events during BAECC SNEX 2014 campaign and 

following winter 2014-2015. To retrieve mass – dimensional relations for observed ice particles the general 

hydrodynamic theory was applied (Böhm, 1989, Szyrmer and Zawadzki 2010, Huang et al. 2015). To ensure 

minute-scale changes in retrieved m-D properties are meaningful, we have verified our results by comparing the 

calculated liquid equivalent accumulation with weighing gauge observations and estimated snow volume with 

laser measured snow depth, and found good agreement. Using the observed and retrieved snow microphysical 

properties Z-S relations were calculated and their dependence on PSD and m-D parameters was investigated.  

The exponent of Z-S relation mainly depends on the exponent of the m-D relation, while pre-factor depends both 

on the intercept parameter of PSD and pre-factor of the m-D relation. It is found that the pre-factor of the m-D 
relation reacts the most to the changes in snow growth process, i.e. transition from crystal growth to aggregation. 

Using data from 14 events, Z-S relations were calculated and applied to the Finnish Meteorological Institute (FMI) 

Ikaalinen radar observations, which is located 64 km west of our measurement site. The retrieved snow 

accumulations were compared to FMI gauges and a generally good agreement was found. For these events the 

pre-factor of the Z-S relation was varying between 52 and 768 and the exponent was in the range 1.19-1.64. The 

climatological currently used relation in FMI is Z = 100 S2, where the pre-factor is within the range of the retrieved 

values, but exponent b is clearly higher than our derived values.  


