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1 Introduction 

In stratiform precipitation the melting layer, when observed with a dual-polarization weather radar, appears as an 
atmospheric layer with enhanced reflectivity factor, increasing fall velocities, decreasing co-polar correlation coefficient and 

increasing differential reflectivity. The melting layer is that section of the precipitation, where hydrometeors turn from snow 

particles to raindrops. During the recent decades several melting layer models have been developed using variety of 

assumption of microphysical parameters, e.g. snow fall velocity, snow density, and their dependence of melted mass fraction 

(e.g. Yokoyama and Tanaka, 1984, Mitra et al. 1990, Russchenberg and Ligthart, 1996, Szyrmer and Zawadski, 1999) and of 

melting rate dependence on environmental conditions (e.g. Matsyo and Sasyo, 1981). In respect to scattering computation, 

Fabry and Zawadski, (1999) presented a comparison of different topologies of Effective Medium Approximation (EMA) 

with Maxwell-Garnett model and their effect on modeled bright band properties. The Maxwell-Garnett model was compared 

to Wiener mixing rule in estimating the radar signal attenuation of melting layer at X- and Ka-frequencies in (Matrosov, 

2008). Because of the diversity of the problem these presented studies are often not comparable to each other and general 

conclusion of the accuracy of them cannot be extrapolated. Battaglia et al. (2003) studied the effect of parameterization of 

ventilation factor on the melting rate considering also changes in density, velocity, shape and dielectric constant of particles 
in respect to 0.915 GHz profiler data under two different humidity profiles. According to Battaglia et al. (2003) the 

parameterization presented in (Szyrmer and Zawadski, 1999) with spherical particles appears to fit in average best to 

observations of the height of a melting layer and MG3/FS2 (description in the original article) topologies of Maxwell-

Garnett match in average sense with the bright band peak. But it was stated that better understanding of the background 

conditions in respect to microphysical parameterization is still needed. 

Our study focuses on answering to this statement by examining the impact of the modeled 

parameters to the shape and intensity of the bright band and testing the modeled values 

against ground, aircraft and remote sensing observations of the melting layer. By utilizing 

constraining observations from the rain profile we can pinpoint the effect of different 

microphysical and electromagnetic modeling schemes. The used data set in this study is from 

Light Precipitation Evaluation Experiment (LPVEX) carried out in Helsinki 2010. It was one 
of the several field campaigns organized associated with the launch of the core observatory 

satellite of the Global Precipitation Mission in February 2014 (GPM). The purpose of LPVEx  

was to fill the gap of ground validation data for high latitude rainfall and to better understand 

the microphysical properties in shallow freezing level environments. During the campaign the 

aircraft flew spiral ascents/descents in the melting layer providing data of particle size 

distribution, area ratio, the 2D-shadow images of the particles, humidity and temperature profile above, inside and under the 

melting layer. These quantities reveal the stages of melting as a function of height and, together with the melting layer 

model, the computed reflectivity factor and the reflectivity-weighted fall velocity as a function of melted mass fraction can 

be compared with the measured values of weather radars. Verification of the modeling results and constraint to particle size 

distribution is obtained using the surface measurements from optical disdrometers. 

In this study we show e.g. that the sub-saturated conditions do have a significant effect on the onset of melting and, 

therefore, on the width and the location of the maximum reflectivity factor of the melting layer. Assuming saturated 

conditions in the modeling scheme might lead to false conclusions to melting description of parameters such as ventilation 

factor, transition of shape, velocity and density, in melting process. Hence 100% relative humidity should not be assumed as 

is done in many of the modeling solutions, although in many practical and operational cases the humidity profile is 

unknown.  

2 Melting layer model 

The melting rate of a hydrometeor can be defined from the heat balance at the particle surface. Various melting layer 

models presented in literature follow the definition of the components in the heat equation defined by Wexler, (1955). The 

equation includes the heat conduction through the surrounding air straight to the unmelted ice frame and the heat 
release/remove by the latent heat by condensation/evaporation of the water vapor (Szyrmer and Zawadski, 1999). Heat 

transfer by radiation and the storage of sensible heat within the particle (Szyrmer and Zawadski, 1999) is considered 

negligible and excluded from the equation. . The difference to the heat budget of graupel or hail is that the melting water 

doesn’t form liquid layer on the surface of the particle and the conduction of heat through this layer is not relevant, also the 

Investigation of melting layer model assumptions through 

comparison to radar and in situ observations carried out during 

GPM GV campaigns  

Annakaisa von Lerber1, Dmitri Moisseev2, Andrew Heymsfield3, Aaron Bansemer3, V. 

Chandrasekar1,2,4, Ari-Matti Harri1 

(1) Finnish Meteorological Institute, Helsinki, Finland: annakaisa.von.lerber@fmi.fi 
(2) 

University of Helsinki, Helsinki, Finland 
(3) National Center for Atmospheric Research, Boulder, Colorado, USA 

(4)Colorado State University, Forth Collins, Colorado, USA 

 

Annakaisa von Lerber 



ERAD 2014 - THE EIGHTH EUROPEAN CONFERENCE ON RADAR IN METEOROLOGY AND HYDROLOGY 

ERAD 2014 Abstract ID 150 2 

wet growth is not generally considered with melting of snowflakes as with hail (Rasmussen and Heymsfield, 1987). The 

melting rate according to (Mitra et al., 1990) is 
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where  m is the melted mass of the particle inside time of  t,  ̅ is the ventilation factor, which is generally considered the 

same for heat and vapor transfer and    is the capacitance of the snowflake defined in (Mitra et al. 1990), which for spherical 

particle is the same as the particle radius, but for non-spherical has more complex value changing linearly as function of 

melted mass fraction. Constants are the latent heat of melting    and evaporation   , the heat conductivity of air   , the 

diffusivity of water vapor in air   , the molecular weight of water    and the ideal gas constant  . The saturation vapor 

pressure over water surface is        in the temperature of the surrounding air at this time   ( ) and temperature    
       K at the particle surface and RH is the relative humidity of the air around the melting snowflake.  

From the equation above can be seen that the melting process is governed by the environmental temperature and relative 

humidity conditions. It is shown in (Szyrmer and Zawadski, 1999) that in saturated conditions the component of 

condensation/evaporation heat determines approximately half of the used heat for melting. The study of (Matsuo and Sasyo, 

1981) emphasizes the postponing and slowing effect on melting in the subsaturated conditions because of the cooling of the 
snowflakes by sublimation. Though the condensation is considered in the heat budget, the excess of mass is not usually 

accounted for. In (Szyrmer and Zawadski, 1999) it was shown that the error in saturated conditions is less than 7% and in the 

subsaturated conditions even less. In our study we have assumed mass-conservation, hence also the aggregation and break-

up not included in this study. Other components which effect to the melting process are the shape, through ventilation factor 

and capacitance, fall velocity and density of the particle. Different assumptions of ventilation factor are presented in (Matsuo 

and Sasyo, 1981;, Mitra et al. 1990 and Szyrmer and Zawadski, 1999). There also exist several assumptions for different 

types of snowflakes, like the parameters in the mass-dimensional and fall velocity dimensional relations. . In our study we 

have implemented several of these microphysical quantities (Locatelli and Hobbs, 1974, Yokoyama and Tanaka, 1984, 

Rasmussen and Heymsfield, 1987, Mitchell et al, 1990, Mitra et al. 1990, Brown and Francis 1995, Szyrmer and Zawadski, 

1999, Fabry and Szyrmer, 1999, Skaropoulos N. and Russchenberg H., 2003, Heymsfield et al. 2004, Zawadski et al., 2005, 

Barthazy, E. and Schefold R., 2006, Matrosov 2007, Heymsfield et al. 2010, Heymsfield and Westbrook 2010,).  

Melting layer model consists of two parts, one is the microphysical part, and the other is the electromagnetic part. The 

factors that influence the electromagnetic part is the assumed scattering calculation method, whether e.g. Rayleigh 

approximation, Mie solution, T-matrix method, Discrete-Dipole Approximation (DDA) or Generalized Multiparticle Mie 

method is used, implemented EMA (if needed) and used frequency. Here we have implemented the Mie scattering solution 

of spherical particle assuming that the shape and nonuniform distribution of liquid water inside the melting snowflake is not 

significant at C-band frequencies (Tyynelä et al. 2014), at least at the initial stages of melting. For the EMA we have used 

the Maxwell-Garnett (MG3, air matrix with inclusions composed of a water matrix with ice inclusions) from (Fabry and 
Szyrmer, 1999, Battaglia et al. 2003) as it was stated to be one of the most accurate ones if compared to average melting 

layer radar observations. Other scattering computation methods and EMAs will be tested in the future. 

3 LPVEx Measurements 

LPVEx IOP took place in the Gulf of Finland in September and October 2010. The campaign was a collaborative effort 

between CloudSat program, GPM Ground Validation program, Finnish Meteorological Institute, Environment Canada, 
United Kingdom National Environmental Research Council, Vaisala Inc., and University of Helsinki. The multi-instrumental 

data set was collected with aircraft measurements of the research plane University of Wyoming King Air (UWKA) 

connected with network of ground based observations of dual-polarization C-band radars, surface weather and sounding 

stations, micro-rain radars, rain gauges and disdrometers. In this study the focus is on two events on 21 September 2010 and 

20 October 2010 (Figure 1).  

 

 

Figure 1:Spiral track of UWK  at 9:10-9.30 UTC on 20 October 2010 over one of the main 

ground observation stations in Emäsalo. Main ground sites are plotted with blue circles, with 

red star is marked the C-band dual-pol radar and with green circles Vaisala Testbed 

WXT520 sites. 
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3.1. UWKA Aircraft Data 

Cloud droplet spectra were collected using Particle Measuring Systems (PMS). It included Forward Scattering 
Spectrometer Probe (FSSP) and Cloud Droplet Probe (CDP), which measure cloud droplets concentrations from 1 to 31 μm 

and 2 to 50 μm, respectively, and two-dimensional cloud (2DC) and precipitation (2DP) probes that measure the distribution 

of drizzle and precipitation droplets over ranges from 25-6500 μm and 100-9000 μm, respectively. Whereas the PMS 

supplied information regarding the size distribution of large ice particles, the 15μm version Cloud Imaging Probe (CIP) of 

the Clouds, Aerosol and Precipitation Spectrometer (CAPS) sampled smaller ice particles. Liquid water content was 

measured using a combination of Droplet Measurement Technology (DMT) model LWC-100 and Gerber PVM-100A 

probes, and both ice and total water content is obtained with a Nevzorov probe. The presence of super-cooled liquid was 

provided with a Rosemount 871FA icing detector and some limited information concerning the aerosol size distribution from 

0.2-3 μm was provided by the DMT Passive Cavity Aerosol Spectrometer Probe (PCASP-100X). Furthermore the standard 

measurements of atmospheric state such as humidity, temperature, pressure were gathered. At this stage the aircraft data is 

used to determine the stage of melting from 2D- images, the atmospheric state measurements are inserted as driving forces 
into the melting process and some tests were performed to define the mass-dimensional relation from the total water content 

and the ice content. Unfortunately the data of 2DP seemed to overestimated the particle concentration, which can be also 

seen from the Figure 3, where the reflectivity factor is computed in rain from the measured DSDs over the ground site.  

In addition to in situ cloud- and precipitation-particle measurements onboard on UWKA is the Wyoming Cloud Radar, a 

95 GHz, dual-channel, Doppler radar, designed for airborne use.  

 

  
 

Figure 2. Left:. Particle concentration and shape (area ratio) as function of time  for the 20 

October spiral.  On the bottom plot non-round particles (ice) are shown by green/yellow 

colors,and round particles (drops) are in orange/red. Right: Example of the CIPG and 2DP 

samples during the spiral on 20 October2010 with time, altitude and temperature 

measurements of the aircraft. 

3.2. Ground Observation Data 

Three main ground observation sites were established at Emäsalo, Harmaja and Järvenpää. The instrumentation on each 

of these sites included 2D video disdrometer (2DVD, Schönhuber et al., 2008), and two Parsivel disdrometers (Löffler-Mang 

and Joss, 2000) giving data of drop size distribution (DSD) and terminal fall velocity of drops. Total rain accumulation is 

obtained from Pluvio gauges. In this study the DSDs from 2DVDs are utilized and assuming mass conservation the particle 

size distribution (PSD) at the beginning of the melting layer is determined according to assumed mass-dimensional relation.  

 

3.3. Remote Sensing Data  

Three dual-pol C-band weather radars locate within the capital area of Helsinki. Two of them, in Kumpula and Kerava 

(60°12.26' N, 24°57.78' E and 60° 23.3' N,25° 6.8' E) are research radars and their scanning strategies for the duration of the 

experiment was freely adjustable, hence this enabled special RHI scans to be conducted along flight legs and spirals. The 

third radar in Vantaa is operational weather radar (60°16.236' N, 24°52.142' E) and it carried out operational volume scans. 

Altogether four vertically operating Micro Rain Radars(MRRs) at K-band (Peters et al., 2002) were used in the campaign, 

three were located to the three main surface measurement sites, Emäsalo, Harmaja and Järvenpää and one on the research 

vessel Aranda that sailed in the Gulf of Finland. These were to facilitate column particle size/concentration measurements 

and fall velocity profiles. Three POSS X-band bistatic DSD radars (Sheppard and Joe, 2008) were also positioned on the 
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main ground sites. The POSS instruments provided DSD estimates in a small volume located just above the instrument 

height.  

On both measurement days comparison between the mean measured reflectivity factor inside 1 km from the Emäsalo site 

with lowest elevation angle (corrected Zh and total power Tp) and the computed reflectivity factor from the DSDs of 2dvd 

and Parsivel disdrometers were performed. The results are depicted in Figure 3. It can be observed that there is a constant 

discrepancy of in order of 2 dB between radar and ground observations. 

 

  
Figure 3.Comparison between radar observations and reflectivity factor computed from the ground and aircraft observed 

DSDs on both test days. On the left: 21 September 2010. On the right: 20 October 2010.  

 

4 Results 

In Figures 4. and 5. is showed one example of our results from 21 September 2010. In Figure 4. with dashed line is 

presented two mean radar observed reflectivity factor profiles. The profiles are determined from two RHIs, and they are 

defined as the average of the measured profiles over the main site Emäsalo (inside 1 km from the site) at the time the aircraft 

was observed in the radar RHI images. The modeled reflectivity factor is determined using 2DVD measured DSD at the 

same time (average of 15 minutes) in Emäsalo, converted it to PSD at the top of the melting layer assuming mass 

conservation and the mass-dimensional relation of           
    and fall velocity relation          

     , with 

diameter of snowflake    in cm. The beam broadening is also considered as the distance to Emäsalo is 37 km from the 

Kumpula radar. In the Figure 4. saturated conditions are assumed and one can clearly see that the melting process begins too 

early and it is modelled as too rapid, but choosing different velocity and density relations the modeled profile could resemble 

more the measured one. In Figure 4. at right is depicted with dashed line the height, when first time is observed 1 mm 

raindrop from the CIPG images. Example images as function of measured height are shown on the right of the image. The 

blue line shows the diameter of particle, which in the end results a 1 mm raindrop, as function of height. If now compared 

images in Figure 4. to images in Figure 5., which are the same except that the relative humidity profile is taken from the 

aircraft measurement. Thus one can conclude that the relative humidity plays a significant part of the modeling, and without 

this information the conclusions of e.g. mass-dimensional relation can be misleading.  

5 Conclusions 

We have studied the microphysical properties of melting process of snowflakes by modeling the melting layer in respect 

to observations from aircraft, weather radar and disdrometers. The research is still ongoing, but at this stage our conclusion is 

to underline the effect of relative humidity. The unsaturated conditions are known to slow down the melting process as well 

as postpone the starting of the melting (Matsu and Sasyo, 1981). Our results confirm the previous studies and emphasizes 

that the interpretation of the other microphysical modeling properties is subjected to misinterpretation if saturated conditions 

are assumed as standard procedure. 
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Figure 4. Assuming saturated conditions. Left: The reflectivity factor profile defined from radar RHI measurements 

(dashed line) and modeled reflectivity (blue line). Right: The height, when 1 mm raindrop is first observed from aircraft 

measurements (dashed line), modelled diameter of the particle as function height and example images of the particles as 

function of height. 

  

Figure 5. Taking humidity profile from the aircraft measurements. Left: The reflectivity factor profile defined from radar 

RHI measurements (dashed line) and modeled reflectivity (blue line). Right: The height, when 1 mm raindrop is first 

observed from aircraft measurements (dashed line), modelled diameter of the particle as function height and example images 

of the particles as function of height. 
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