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Simulation-based parametrization development  

Simulate  → Analyze  → Understand → Model  

Christoph Siewert, Jeremie Bec and Giorgio Krstulovic, Steady-state condensation of droplets in turbulent flow, JFM 810, pp. 254-280, 2017 



Current status of microphysical modeling 

 

 

• Current simplifications:  

• fixed form of size distribution 

 

 

 

•  categorization 

 

 

 

 

• Idea: continuous particle-based model 

Locatelli & Hobbs 74 

T. Reinhardt, A. Seifert 2005 
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nucleation 

vapor diffusion 

sedimentation 

coalescence 

 

riming 

rime splintering 

riming 

melting & shedding 

hydrodynamic breakup 

collision breakup 

ice mass mi  

 

 

number of monomers Nm 

 

 

rime mass mr 

 

 

rime density ρr 

 

 

liquid mass mw 

Prognostic Variables 

Locatelli & Hobbs 74 

S. Brdar and  A. Seifert 2017, McSnow – A Monte-Carlo particle model for riming and aggregation of ice 

particles in a multidimensional microphysical phase space, Journal of Advances in Modeling Earth 

Systems 10, 10.1002/2017MS001167 

Diagnose geometry 

→ fall velocity 

Processes 

super-particle = νi similar particles 

→ interaction stochastic 
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Unterstrasser et al. 2017 



Coupling to NWP model ICON 
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non-hydrostatic equations on triangular grid  

→ in/out and interpolation complex 

saturation adjustment  

→ keep cloud water in the bulk 

total momentum: moist air + hydrometeors 

→ coupling issue? 

 

Zängl et al. 2015 

new online trajectory model for ICON 
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Idealized 2D warm bubble 

ICON-LEM (Δx ~ 150 m) + McSnow (Npart ~ 15 Mio.) 



Instability in Monte-Carlo collision method  
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Pcoll = n E π R2 Δv Δt < 1 
Shima et al. 2009 

Instability for: 

 large number density n 

 large size/velocity differences R2 Δv   

Solution: 

 small time step 

 N2 algorithms 

Nice to have: 

 adaptive solution, but which criterion? 

Γ ~ m1 
α  m2 

β 

Theory: run-away growth/gelation for α + β > 1 

Reality: Γ ~ E π R2 Δv  

Unterstrasser et al. 2017 

cloud drops: R~m1/3 v~R2  (Stokes) 

cloud ice:    R~m1/2 v~m0.22 



Piggy-backing: How not to do  
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Idea: Start with passive McSnow 

 

qc stays in bulk (saturation adjustment) → not duplicate T, qv, qc, qnc  (just other hydrometeors) 

 

But if schemes behave very differently, not conserving mass becomes an issue 

 

Next step: duplicate also T, qv, qc, qnc (not u,v,w, ρ)? 

ICON uses barycentric (total) ρ,u,v,w in conservation equation 

qx << qa  , but qxwx ~ qawa  → hydrometeor vertical momentum not negligible 
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Comparison to 2-Moment bulk scheme 

2-Moment 

McSnow 

Number density Mass density 
Next slide: Size distribution 
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Size distribution conditioned on the 

rime mass fraction 

Particle size 
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rime fraction ≠ f(D) 

Next slide: How are particles created? 
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Most mass in mixed origin particles 

Next slide: How many particles in an aggregate? 

Mass density over height conditioned on 

particle creation mode 
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Number of primary particles in aggregate 

Particle size 
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Largest aggregate consist out of 105 parts  

Next slide: one of these particle’s trajectory 
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A super-particle evolution 

 Particle based approach allows to look at individual particles for detailed understanding 

4 cm hailstone  

raindrop 

freezing 

settling 

wet growth 
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Single Particle melting in sub-saturated air 

Vivek & Seifert 2015 

Melting assumption: Tsurf = T0 

 Melting particles dehumidify also sub-saturated layers 



16.04.2019  Next slide, rime fraction in 3D 

3D technically works 

but, reach computational limits 

 

Performance issues: 

 load-imbalance 

 collision time-step 

 

Open questions: 

 size of collision box 

 how-to initialize/sample at creation 

 etc.. 

 

Partial solution: 

 merging in all single-dimensions if Nsp > 100 
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Size distribution conditioned on the 

rime mass fraction 

Particle size 
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• Goal: 

– Understand and parametrize better mixed-phase microphysics 

→   Need for “microphysics-resolving” model 

 

• Approach: 

– Developed the particle-based mixed-phase particle model McSnow 

– Developed trajectory model for ICON 

• Results:  

– Approach is feasible on storm-scale 

– Initial analysis shows potential 

•      ToDo: 

     Performance issues 

     Represent geometric variability  
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Conclusions 
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Size distribution conditioned on the 

rime density 

Particle size 
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