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ObjectivesObjectives

•• Introduce the concept Introduce the concept 
•• Describe the modelDescribe the model
•• Show preliminary resultsShow preliminary results



Low Clouds and Drizzle MicrophysicsLow Clouds and Drizzle Microphysics
(Sc, Cu, (Sc, Cu, TcuTcu and St)and St)
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Near cumulus cloudsNear cumulus clouds



Bulk Microphysics for CirrusBulk Microphysics for Cirrus

•• Double moments scheme (mass & number)Double moments scheme (mass & number)
•• Cloud dropletsCloud droplets
•• Pristine (small) ice crystals  Pristine (small) ice crystals  D < DD < DS minS min

•• Snow crystals  Snow crystals  D > DD > DS minS min

•• Aerosol particles Aerosol particles > 0.1 µm> 0.1 µm
•• Number of potential IFN  Number of potential IFN  NNnn < N< Naa

•• = 8 prognostic variables for cirrus= 8 prognostic variables for cirrus



Cirrus and Snow MicrophysicsCirrus and Snow Microphysics
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Simulated cloud processesSimulated cloud processes

(Ref.: Eloranta et al, U Wisconsin)



Nested LES Cirrus Microphysics in RCMNested LES Cirrus Microphysics in RCM
Volume Imaging Lidar (VIL)

(Ref.: Eloranta et al, U Wisconsin)



North Atlantic Storm & Warm FrontNorth Atlantic Storm & Warm Front



Vertical Structure with SnowVertical Structure with Snow
CLARE'98 (Illingworth et al.)CLARE'98 (Illingworth et al.)



Cirrus MicrophysicsCirrus Microphysics
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N: : Total concentration of particles per unit volume of air (cm-3) for 
non truncated distribution.

µ : Shape of the distribution, 
ξ : Scaling dimension, volume (droplets) or diameter (ice), i.e. 
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Walko et al. (1995):

Generalized Gamma Distribution Generalized Gamma Distribution 



Ice HabitsIce Habits
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For category x and particle size D: mass (mx), projected area (p)

and terminal velocity (ux) 



Crystal terminal velocityCrystal terminal velocity
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Nucleation processesNucleation processes
Local or Lagrangian approach?Local or Lagrangian approach?
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Droplet NucleationDroplet Nucleation
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Heterogeneous Ice Nucleation from VaporHeterogeneous Ice Nucleation from Vapor

Nni(NIFN(D,F))= exp[ai·si –bi] (in l-1)
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Heterogeneous Ice Nucleation by ContactHeterogeneous Ice Nucleation by Contact

NIFN(C)) =  exp[-2.8  – 0.2629 Tc ]   (in l -1)
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ImmersionImmersion--Freezing NucleationFreezing Nucleation
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Homogeneous Ice NucleationHomogeneous Ice Nucleation



Droplets Vapor Droplets Vapor DiffusionalDiffusional GrowthGrowth
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Ice Vapor Ice Vapor DiffusionalDiffusional GrowthGrowth
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Simultaneous Diffusion GrowthSimultaneous Diffusion Growth
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Simultaneous Diffusion GrowthSimultaneous Diffusion Growth
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Conversion Small Crystals to SnowConversion Small Crystals to Snow
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Region Region SubsaturatedSubsaturated w.r.tw.r.t. Ice. Ice
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Preliminary ResultsPreliminary Results



Vertical VelocityVertical Velocity



Liquid Water ContentLiquid Water Content



Ice SaturationIce Saturation



Small Ice Number ConcentrationSmall Ice Number Concentration



Snow ConcentrationSnow Concentration



Small Crystals and SnowSmall Crystals and Snow



Snow MassSnow Mass


