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Motivation

= A single Mass-dimension (m-D) power law
(e.g. m=aDP) is not valid for the whole range of particle
size distribution. So, It produces uncertainty in
modeling the ice cloud microphysics.

= Riming effect on particle dimension is small, but it
considerably changes the mass and projected area.

Science Question

How can ice particle mass- and area-dimension (m-D &
A-D) relationships be expressed as a function of riming?




Approach for m-D and A-D Laws

m = aDPF , A= yD®
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Approach for Treatment of Riming

= Rimed Mass: %

a Iwc g = B, (empirical result), (D> 150 um) l

ay Iwce, ’
= MaxMassand Max Projected Area: :.:o: ]
Amax = kZD? | Mgy =35m, (cmpirical result l

= Rimed Projected Area:

R =" Mu A= (A AR+ A e
_mmax_mu ) —( max u) u \

y==5 , 8§=20, R: riming factor (0<R<1)
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Model Setup

Gamma size distribution:

n(D) = n,DV exp(—AD)

A: slope parameter,

v: dispersion parameter.
In this study: v =-0.6
(super exponential distribution)

Size Distribution

D (mm)
Mitchell (1991, JAS)



Basic Equations

* 0" moment eq.: height dependence of number concentration:

ON _bNOA 1 [ . 1dS 9wN) nEI(v, b)N?
0z X 0z  Vyy dt 0z 8I'(b +v+ I'(v + 1)A?
fallout nucleation  updraft aggregation

= 2" moment eq.: height dependence of slope parameter:

or A 0N 1 f(T,p,SAP2r(B+v +2)
0z (2B+b)N oz Vzr a(2B+b)T2R+v+1)
sedimentation vapor diffusion
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Testing the Riming Process

Alpha in m-D Law
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Testing the Riming Process
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Cloud Altitude (m)

Comparing Model & Observation
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 Consistency between observed
and predicted variables:
microphysical processes
modeled correctly
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Conclusions

By using new m-D and A-D relationships, the model
characteristics are represented more accurately and
realistically.

* The size spectra predicted by the model are in good
agreement with those observed from aircraft
measurement during Lagrangian spiral descents in frontal
clouds.

* Riming seems to play an important role in the evolution
of snowfall rates.
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Approach for Treatment of Riming
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Relative Humidity over Ice [%]
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Mean Dimension
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Aerosol-Cloud Interaction
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= [ncrease in CCN, due
to aerosols, modifies
cloud droplet size
distribution and
decreases water droplet
mass-median diameter.

= Smaller water droplets
have smaller collision
efficiency, so riming Is
less important and
snowfall rate decreases.
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