
Motivation for a new modeling approach
• Most microphysical models use categories like 

snow, graupel, hail etc. 
 
 
 
 
 
Monte-Carlo Lagrangian models like our McSnow 
can avoid such a priori assumption. 

• Similar as spectral bin schemes, McSnow can 
predict the PSD, but provides more detailed 
information about the particle growth and history. 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Diagnose geometry and fall speeds based on 
predicted particle properties.  
 
Limiting cases are 
• aggregates m~D2 

• graupel m~D3 
• rain m~D3 
but the transitions are continuous. 

Fall velocity uses Best number approach, i.e.  
     Re=f(XBest) = f(m,D,A)

Processes 
McSnow particles



Axel Seifert, Jussi Leinonen, Christoph  Siewert, Stefan Kneifel 2018, The geometry 
of rimed aggregate snowflakes: A modeling study, submitted to JAMES.

→ ?

m~D2 m~D3

fill-in similarity

Geometry of rimed snow and transition to graupel 
Most microphysical models use the simple ‚fill-in‘ approach. With McSnow we can 
overcome the simplification:

Simulations with McSnow show large effect on riming rate!

Results of aggregation-riming model 
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Measurement comparison 
• qv(z), T(z) → IWC, LWC

Vivek & Seifert 2015

Example of a melting layer:



Science topics of IMPRINT:

1. Depositional growth and particle habits of pristine crystals. For this 
McSnow will be extended with a habit prediction scheme. 

2. Secondary ice production by Hallett-Mossop, fragmentation of snow, and 
freezing-shattering of drizzle drops. 

3. Aggregation and riming processes and their importance for the PSD and 
the particle fall speeds. What are the conditions for strong aggregation? 

4. Melting and re-freezing. Current implementation needs to be refined and 
completed.  



Science topics of IMPRINT:

• For this research we will rely heavily on a comparison of the model results 
with polarimetric radar signatures, multi-wavelength radar data and 
Doppler spectra. The focus will be on wintertime stratiform cases.  

• The science topics are rather broadly formulated. This gives us some 
flexibility to pick the most interesting cases from the observations. 

• We will mostly work with 1d simulations, but 3d ICON simulations with 
McSnow are also planned.



Looking forward to a fruitful cooperation in SPP 2115



Stefan Kneifel (Uni Köln), Axel Seifert (DWD), 
Alexander Myagkov (RPG)

PROM - IMPRINT 
Understanding Ice Microphysical Processes 
by combining multi-frequency and spectral 
Radar polarImetry aNd super-parTicle 
modelling



Main Goal: 

Develop strategy to improve understanding of key ice microphysical 
process (Depositional Growth, Secondary Ice Production, Riming, 

Aggregation) using rich information provided by polarimetric 
observations 

Strategy and Working Areas: 
• WA 1: Novel Polarimetric Observations 
• WA 2: Monte-Carlo Lagrangian Particle Model (McSnow) 
• WA 3: Polarimetric 1D Radar Forward Operator (PAMTRA-pol) 

Team: 1 PostDoc (DWD), 1 PhD (Uni Cologne)
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frequently causes layers of enhanced Z, ZDR, and KDP and seems to be connected to larger
rainfall rates at the ground (Kennedy and Rutledge, 2011; Bechini et al., 2013; Andrić et al., 2013;
Schneebeli et al., 2013; Moisseev et al., 2015). The dendrites not only rapidly grow there by
deposition, they also seem to favor rapid aggregation due to their ability to mechanically interlock
with their branched arms. While the initial single crystals have very strong anisotropy and high
effective density, the aggregates become more round and their density decreases due to their
‘fluffy’ structure. As a result, ZDR and KDP strongly decrease but Z increases due to the increase
in size. More recent studies (Spek et al., 2008; Moisseev et al., 2015; Schrom and Kumjian, 2016;
Oue et al., 2015a, 2015b, 2016; Trömel et al., 2017) started to combine polarimetric information
with the Doppler spectrum which allows to ‘sort’ the backscattered signals with respect to the
particle’s vertical motion. A secondary (slow) mode is often found (see example in Fig. 1) starting
close to the layers of dendritic growth (enhanced ZDR, KDP). However, no final conclusion has
been found on whether this new mode is caused by seeding ice from higher cloud areas or
whether it might be caused by ice particle fragmentation as observed in some aircraft in-situ
observations (e.g. Lawson et al., 2001). Similar spectral bi-modalities and enhanced polarimetric
signatures (e.g. enhanced LDR, ZDR) are often observed at -7°C (e.g. Oue et al., 2015b). From
laboratory studies, we know that needles grow very efficiently at this temperature which also
seems to enhance aggregation. In presence of rimed particles and super-cooled liquid water (both
often well detectable in Doppler spectra), this temperature region is also known to favor rime
splintering (Hallett and Mossop, 1974); observational evidence for this process is particularly
evident in polarimetric (e.g. Sinclair et al., 2016) and spectral radar signatures (e.g. Zawadzki et
al., 2001; Giangrande et al. 2016). However, a recent review by Field et al. (2017) points out that
our observational basis for secondary ice process studies is still insufficient and new combined
radar approaches are highly desirable. While standard polarimetric observations (single
frequency, integrated polarimetric variables) are very sensitive to a large number of IMP, particle
mixtures and particularly the distinction between aggregates and lightly rimed particles remains
difficult (e.g. Ryzhkov et al., 2016). In these situations, other radar approaches can close this gap
because they are able to complement weaknesses of classical single frequency polarimetric
approaches.

Rapid technological development during recent years made multi-frequency and polarimetric
cloud radars achievable. Non-polarimetric multi-frequency approaches (e.g. X, Ka, W-Band)
have recently been shown to provide sensitivity to density and characteristic size of the PSD,
hence allowing a distinction of aggregates from rimed particles (Kneifel et al., 2011, 2015, 2016;

Figure 1: (Right) Observed vertical profile of radar Doppler spectra from Joyrad-35 at JuCol site (04.11.2015, 22:05
UTC). The spectrogram shows typical bimodalities at -15°C (dendritic growth) and -5°C (needle growth) which are
frequently observed in stratiform winter cases. One possible explanation for these new modes are secondary ice
processes such as particle fragmentation. (Left) In order to investigate the impact of a new particle mode on the
existing, already aggregating particle mode, we simulated Joyrad-35 Doppler spectra using the McSnow output and
PAMTRA radar forward simulator. Note: This McSnow experiment was not intended to match the observational
example (hence the different height range in the two plots) but rather to explore the radar signature of possible process
scenarios which might cause such bi-modal observational fingerprint at -15°C.

Example of comparison of Doppler spectra:
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Drop break-up 

Schlottke et al. 2010

mass conservation every collision 
• 0D comparison to bin model

Hurricane Irma 
• 1D McSnow vs. measurement 

Merhala Thurai-Rajasingam & Viswanathan Bringi,, Colorado State University 
Wei Wu & Greg McFarquhar, University of Oklahoma
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A comparison of McSnow with 2mom bulk scheme

by Markus Karrer and Christoph Siewert
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ICON-LEM R2B13 + McSnow 

Weisman-Klemp warm bubble + wind  

→ 200 Mio. super-particles 

Again gelation (Dmax > 1 m)  
Difference 3D/1D: 
• dynamic situation 
• feedback from 2mom 
  
→ compare to 2mom in 1D
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Comparison with 2-Moment scheme in 1D

• Markus Karrer, Stefan Kneifel (Uni Köln): multi-frequency radar

→ new boundary conditions needed

Brdar & Seifert 2017 Setup Radar forward operator PAMTRA

Reflectivity ~ D4
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pristine 
unrimed 
rimed 
liquid

Sensitivities: 

Sticking efficiency 
• Conversion ice → snow 

Rimming geometry 
• Conversion snow → graupel 

→ improve 2mom 

→ large quantitative differences,  
but still qualitatively similar



Christoph Siewert

 05.07.2015 ICON-D2 (Harald)  
+ 46 Mio. trajectories/parcels 

N w > 10 m/s = 51308

New trajectories model for ICON 

26.09.2018
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Validation with experiments 
• Raman Lidar, Jens Reichardt (Lindenberg) 
Improve 2-moment microphysics scheme 
• Riming geometry 
• Sticking efficiency 
Run McSnow in 3D 
• Dynamic in 1D (updrafts) 
• Couple with new trajectory model 

Future 
DFG Priority Program 2115: Polarimetric Radar Observations meet Atmospheric Modelling (PROM) 
• Multi-frequency and polarimetric radar, Stefan Kneifel (Köln)  
e.g. cooperation with Viswanathan Bringi (Colorado State) & Greg McFarquhar (Oklahoma)

26.09.2018


