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2nd mode in
Doppler spectrum

→ aggregation
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→ New ice particles? → Ice concentration
or size increases?

→ Plate-like ice crystals
are growing

How are the new ice particles generated?

Shouldn‘t aggregation reduce concentration? How can KDP increase then? 
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Hypotheses:

1. Small ice crystals sedimenting from above which grow plate-like rapidly in DGL

2. Primary nucleation in DGL produces plate-like particles which grow rapidly in DGL

3. Secondary ice production (collisional fragmentation) in DGL produces fragments of
ice particles
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The Dendritic Growth Layer (DGL) – a typical case study:
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Hypotheses:

1. Small ice crystals sedimenting from above which grow plate-like rapidly in DGL

3. Secondary ice production (collisional fragmentation) in DGL produces fragments of
ice particles

Radar only sees effect of ice microphysical processes (IMP) on 
the observed particle distribution, not the IMP themselves!
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The 1D Lagrangian Monte-Carlo particle model
→Let‘s combine observations with a model in which current knowledge of IMP can be

implemented (Brdar and Seifert, JAMES, 2017)

1D:

„shaft“ model, no turbulence, no convection,…

Lagrangian Particle Model:

predict motion and evolution of individual particles

Monte-Carlo approach:

group particles with similar microphysical properties into super-particles

McSnow predicts evolution of super-particles due to

Deposition → habit prediction (Welss et al., JAMES, 2024)

Aggregation

Riming

Secondary ice production

i.e. fragmentation
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Forward simulations: DDA LUTs

„Problem“: McSnow has freely evolving particle properties:

We want to consistently forward simulate into Radar Space!

Solution: DDA LUTs of a large variety of ice particles (approx. 3100 particles) 

Dendritic ice crystals

Columnar ice crystals

Aggregates with varying monomer habits and riming degree
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Hypotheses

1. Small ice crystals sedimenting from above grow plate-like

2. Secondary ice production (Fragmentation) in DGL produces fragments of ice
particles
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McSnow simulation setup
1. Small ice crystals sedimenting from above

Assumption:

Average RHi = 5% (from Radiosonde data)

Ice nucleation at −20°C < 𝑇 < −50°C, 
concentration increasing from 1L−1at −20°C to 20L−1 −50°C

Ice nucleation: initialisation of ice particles with D = 10𝜇m, aspect ratio = 1, ice density

After nucleation: particles can evolve freely due to depositional growth, aggregation,…
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If particles sediment into DGL, they are already to big to grow into
extreme shapes such as plates. Therefore the polarimetric

signatures are not observed.



Leonie von Terzi, l.terzi@lmu.de

Hypotheses

1. Small ice crystals sedimenting from above grow plate-like

2. Secondary ice production (collisional fragmentation) in DGL produces fragments
of ice particles

11



Leonie von Terzi, l.terzi@lmu.de

Hypotheses

1. Small ice crystals sedimenting from above grow plate-like

2. Secondary ice production (collisional fragmentation) in DGL produces fragments
of ice particles

Same setup as in first hypothesis

New fragmentation scheme based on Grzegorczyk et al. 2023 (see talk by Miklós 
Szakall, Thu 16:15, Session 2 A) and Takahashi 1995
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Ka-Band, 90° elv W-Band, 30° elv W-Band, 30° elvW-Band, 30° elv
2. Secondary ice production – collisional fragmentation
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Obs

Sim

Second mode KDP is similar sZDRmax is there
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Which ice microphysical properties might explain the typical
radar signatures in the dendritic growth layer?

Ice particles sedimenting into the DGL do not grow
plate-like

We need a production mechanism close to -15°C for
enhanced ZDR and KDP in the DGL!

Fragmentation is a promising candidate
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Which ice microphysical properties might explain the typical
radar signatures in the dendritic growth layer?

Ice particles sedimenting into the DGL do not grow
plate-like

We need a production mechanism close to -15°C for
enhanced ZDR and KDP in the DGL!

Fragmentation is a promising candidate

Combining „research“ models, laboratory studies and 
radar observations can help to close current knowledge
gaps!
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