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The fundamental radiative properties of
atmospheric ice crystals for atmospheric
models are the extinction cross section
(0.), single scattering albedo (w) and the
asymmetry parameter (g). Here, we
present a simple, yet accurate
parameterization for o, , w and g of ice
crystals for any combination of

" volume

" projected area

= aspect ratio

= distortion/roughness

= at any wavelength in the shortwave
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1: Introduction

Unlike existing parameterizations,
this scheme is flexible enough to
obtain ice crystal optical
properties that are consistent
with any assumptions about ice
crystal mass (equivalent to bulk
volume), projected area and
aspect ratio used in modern cloud
and climate model ice
microphysics schemes to
parameterize, e.g., fall-speeds and
capacitances of particles.
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Main assumptions are: s T

" Geometric optics are valid r

= Optical properties of complex, *SEENE**N
aggregated ice crystals can be ""ﬂ‘w
well approximated by those of WF"EEEE"Y
single hexagonal crystals with .
varying size, aspect ratio and L
distortion. i,

These assumptions are similar to

those of previous L

parameterizations (e.g., Fu 1996,
2007)

3: Single scattering albedo and extinction parameterization

2: Reference calculations

Geometric Optics (GO) code developed by Macke et al. (1996).

Single hexagonal plates and columns with random orientation

The distortion parameter represents the stochastic large-scale distortion of a
collection of ice crystals.

Microscale particle surface roughness, crystal impurity and large-scale particle
distortion all lead to a similar randomization of the angles between crystal
facets (Hess et al. 1998, Yang et al. 2008b). Thus, the distortion used here can
be considered as a proxy for the randomization of the angles between crystal
facets caused by any of these effects.

4: Asymmetry parameter parameterization

The total single scattering albedo is the sum of w,_, and Aw_, Since we are using
geometric optics, the extinction cross section o, is assumed to be twice the

orientation-averaged projected area of the particle.

linearly with log(a).

" The dependence of gi; on real
refractive index is fit by a function
inspired by the Fresnel equation for
reflection. Fit parameter € scales
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