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Most schemes used today include the
traditional logic of “cloud ice-snow-
graupel/hail” to represent ice
processes.

Such a logic follows approaches
proposed 20+ years ago (Rutledge
and Hobbs, Lin et al.) that
transplanted ideas from warm-rain
microphysics into ice physics. Does it
make sense? Not really!

For warm rain, clear separation does
exist between cloud water and
drizzle/rain; for ice, the boundaries
are not obvious and usually gradual
transitions from one category to
another take place. For warm rain,
cloud water grows by diffusion of
water vapor, drizzle/rain forms
through collision/coalescence. For
ice, both diffusional and accretional
growth contribute to the growth.

The ice scheme should produce
various types of ice (cloud ice, snow,
graupel) just by the physics of particle
growth; partitioning ice particles a
priori into separate categories
introduces unphysical “conversion
rates” and involves “threshold
behavior” for various parameters
(e.g., sedimentation velocity).
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Description of the New Scheme

The new scheme presents a physically-based approach for treating the transitions between small ice, snow, and graupel during
aggregation, deposition, and riming, in contrast to the traditional approach that separates small ice, snow, and graupel into separate
categories with arbitrary conversion thresholds and rates. These transitions are treated by locally deriving the particle mass-dimension
and projected area-dimension relationships according to the rimed mass fraction. The rimed mass fraction is obtained locally by the
prediction of two ice mixing ratio variables: 1) mixing ratio due to riming, and 2) mixing ratio due to vapor deposition.

Conclusions

• Growth by aggregation

• Growth by vapor deposition

Smooth transition from small spherical ice to larger
nonspherical crystals to aggregates.

Case without riming

• Growth by vapor deposition

• Vapor depositional 
   growth • Riming of crystal
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• Vapor depositional growth

• Further growth by
  riming and vapor
  deposition

• Complete filling-in
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Stage 2: Partially-rimed crystal

• Particle dimension determined
    by vapor deposition
• Mass determined by vapor
    deposition and riming

Stage 1: Unrimed crystal

• Particle dimension and
   mass determined by
   vapor deposition

Stage 3: Graupel

• Particle dimension determined
    by vapor deposition and
    riming
• Mass determined by vapor
    deposition and riming

Prediction of both riming and vapor deposition mass
allows for realistic particle evolution during growth.

Case with riming

Number concentration of ice crystals, N

Mixing ratio of ice mass grown by diffusion of water vapor, qdep

Mixing ratio of ice mass grown by riming, qrim

The new two-moment three-
variable ice scheme:

Ice particles assumed to follow
gamma distribution

(3 parameters: No, µ, λ)

Diagnostic
relationship based
on observations
(Heymsfield 2003)

Transition of mass-dimension relationship for
crystals/snowflakes grown by aggregation and
diffusion of water vapor:

Transition in mass-dimension relationship for ice particles
grown by diffusion, aggregation, and riming:

New scheme is tested in a kinematic framework
mimicking a shallow mixed-phase cumulus.

Version of scheme based on traditional approach with
separate variables for ice/snow and graupel (following
Rutledge and Hobbs 1984) is also tested.

2D (x-z) prescribed-flow framework (low-level convergence, upper-level
divergence, evolving-in-time updraft, with weak vertical shear)

Time evolutions of horizontal
maxima at each level

All ice processes are calculated in terms
of the particle mass-dimension (m-D) and
projected area-dimension (A-D)
relationships.  m-D and A-D evolve during
the simulation as a function of the rimed
mass fraction (derived locally from
prognostic qdep and qrim). Partitioning of
the size distribution as shown below
allows smooth transition of m-D during
particle growth.

Results using the traditional
approach are highly sensitive to
the specified graupel conversion
thresholds.

Conceptual models of ice particle growth:


