
Documenting microphysical processes of winter precipitation and 

their connection to Ze – S

A. von Lerber1,2, D. Moisseev1,3, D. Ori3,4, J. Tiira3 and W. Petersen5

1Finnish Meteorological Institute, Finland, 2 Aalto University, Finland
3 University of Helsinki Finland, 4 University of Bologna, Italy

and 5 NASA-MSFC Earth Science Office, Huntsville, AL

Based on preliminary studies

 GPM GMI detects snowfall in most cases

 GMI strongly underestimates precipitation rate

Introduction

The focus of this study is on documenting winter

precipitation microphysical processes and investigating a

connection between properties of snow and radar

observations. The changes in m(D) – and v(D) – relations

are investigated in few minute time scale for observing

changes in the prevailing particle type.

We have analyzed 18 snow events measured during

intensive observation period of Biogenic Aerosols – Effects

on Clouds and Climate (BAECC) campaign 2014 and the

following winter 2014-2015. BAECC was a joint

measurement campaign organized by the US Atmospheric

Radiation Measurement (ARM) program, University of

Helsinki and Finnish Meteorological Institute.

The time series are defined for 5 – minute intervals with following steps

 PIP software defines one minute PSDs and fall velocity

measurements as a function size and dimensional characteristics of

particles.

 From both maximum width and height with orientation the observed

maximum diameter of the ellipsoid Dmax is defined (Fig. 7b).

 Because of the single projection of the particle, possible errors of the

observed Dmax, obs to true Dmax,true are modelled by rotating an

ellipsoid (Wood et al. 2013) (Fig.7cd) and used as correction factor.

 Mass estimate is calculated for each particle from the observed fall

velocity, corrected Dmax and area ratio of measured total area in side-

view in respect to area of circumscribing disk.

 Mass estimate of snow particles is calculated using hydrodynamic

theory (Mitchell and Heymsfield, 2005).

 With the defined v(D)- and m(D) - relations estimates of the

accumulated LWE, snow rate S and equivalent reflectivity Ze

assuming Rayleigh scattering are determined for C-band.

 The used correction factor for the event is determined from the

closest estimated accumulated LWE with PIP in comparison to

measured accumulation by the Pluvio2 200.

Retrieving m(D) – relation

Conclusions

 m(D) - relations of snow on temporal scale of several 

minutes can be estimated from ground-based particle 

video disdrometer (PIP) and precipitation gauge 

observations

 Changes in m(D) -relation corresponds to transitions 

of microphysical processes, e.g. between 

aggregation and riming, and these can be linked to 

remote sensing observations

 Dependence of Ze-S - relation on m(D) -relation and 

particle size distribution (PSD) is shown

 Changes in prefactor of Ze-S for a given intercept 

parameter N0 of PSD are shown to be linked to 

changes in liquid water path, which can be 

considered to be a proxy for degree of riming

 Derived Ze-S - relations are utilized in the direct GPM 

product validation over Southern Finland 
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Aggregation and riming

Fig. 2 ARM AMF2 vertically profiling Ka-band radar

observations show increasing in fall velocities indicating

possibly riming process and the maximum accumulation of the

event is between Feb 21 23:00 – Feb 22 00:00 UTC.

Fig. 1 An example case where both riming and

aggregation are present. Time series of accumulated

LWE retrieved with PIP, m(D) – factors m = amDbm,

liquid water path (LWP) measured by AMF2 two-

channel radiometer and median volume diameter of D0.

Validation of GPM GMI falling snow measurements 

Fig. 3 The prefactor azs of Ze-S as a function of the intercept

parameter N0 and LWP measured with the ARM AMF2 radiometer.

Fig. 4 Accumulation map of the defined Ze-S

factors applied with Ikaalinen weather radar PPI -

scans in comparison with the measurements of

operational FMI precipitation gauges on Nov 6-7,

2014 and Mar 20, 2014.

Fig. 5 Precipitation rate of the defined Ze-S

factor applied with Ikaalinen weather radar PPI –

scan close to the time of GPM overpass on Nov

6-7, 2014 and Mar 20, 2014.

Fig. 6 Precipitation rate and liquid fraction products of the GMI (GPM Microwave

imager) on Nov 6-7, 2014 and Mar 20, 2014. Above: on Nov 6-7 GMI captures

precipitation, though underestimating. Below: on Mar 20 significant part of

precipitation is not detected by GMI.

Fig. 7. The upper panel: a) Schematic image of snowflake and b) plane projection in side-

view of the ellipsoid with definitions of the fitted ellipse major and minor diameter and the

maximum width and height. The lower panel: c) Snowflake modeled as ellipsoid with axis

a, b and c and d) the correction factor of maximum observed diameter in respect to the

true maximum diameter observed in side-view computed by averaging rotating ellipsoid

with axes defined in Fig. 7c.
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 Exponent of Ze-S (Ze = azsS
bzs) depends on 

the exponent-terms of m(D) - and v(D) -

relations and PSD shape parameter µ

 Prefactor azs is strongly driven by N0

 Aggregation decreases N0 and increases azs

 Riming decreases azs

Fig. 8. The upper panel: Histograms of exponents of a) m(D) -relation and b) v(D) –

relations. The lower panel: Prefactors of m(D) - relation as function of prefactors of v(D) -

relation specified for each studied snow case during BAECC in cgs-units. With black solid

line is the fit for the studied data set and dashed line is the fit from the study of (Szyrmer

and Zawadzki, 2010) for comparison.
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