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Ice Supersaturation

Ice Supersaturation

Polycrystalline Regime———-———  Single Crystals

0.6 columnar plate-like

TR .
onettes e ometten O, e, | Comprehensive
.4 long solid bullets *\and side planes - . .
R LT " i Ice Crystal Habits
wrii
0.3 'needle  solid bullet rosettes crossed plates g’ o 7
| rosettes i . side planes 3 E s .é E
Y pS Moo hei twins -E -y E o o
"2 combmaens  CONRES, P i3 Exclusively nonspherical
S of thin pistes " shelotal N § 5 | : :
0.1 : slhort solid columns compact assemblages thin plates E A g 1 E n d l ess 'C e h ab 'fs
of plates, thick & thin plates thick plates ol '% .
0.0 compact facleted polycrs‘tstals, thick lplates, occasional short I¢:¢:Iu mns and‘,equiaxe

|- < i H . = ]
0.6 Columnar [ oycotallins Regime roone—  Single Crystals

0.5 ": * *;ﬁﬁw .
N * *"‘ i J £

0'4_: = x[ *i@

ME. /**Q% Bailey and Hallett, 2008
o3l ® 4 B ~ 3 %*ﬁ‘

5 02U e A
0.2—: E‘ ”,i;;%(ma A

G5 > J L3 ' , 5 @ O
01 o & & & gﬁﬂﬁp‘&;?f.@%@ :

¢ PP 0B PSP RseOD
00 ooo‘p-'o.‘QOOQ,CQ@?a@ | .

70 -60 -50 -40 -30 -20 -10 0 3

Temperature (°C)



Cirrus clouds modulate outgoing far-infrared radiation
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BTD (8.52-11.0 um) (K)

Spectral Signature: Sensitivity
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lce Cloud Model

Remote Sensing

My research effort is to develop new
techniques and enhance the current modeling
capabilities to improve, refine and extend
current ice scattering model..
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Source : Andy Heymsfield

sDominant 1n the
uppermost portions of
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Ice Crystal Habit: Hollow Bullet Rosettes

Photo from Stephen G.
Warren

Yang et al (2008)




Ice Crystal Habit: Aggregates

(Xie, 2011)

bt TR 1 Fof=
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(Yang et al 1998)
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lce Crystal Habits

Lxisting Habits

Incorporated Roughness
Condition New Habits

* Surface roughness
* were observed for
=g Single crystals and
=% polycrystalline ice
= o] by using an
electronic

Xie et al. (2011)

Yang et al. (2008)




Essence of Radiative Interaction

Electromagnetic wave
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James Clerk Maxwell
(13 June 1831 — §2November 1879)



Solution of Maxwell’s Equations &
Mathematically Equivalents

Van de Hulst (1957)

2P L Light Scattering
Y 4 by Nonspherical
o}ie Particles

Theory, Measurements, and Applications

“dited by
Michacel I. Mishchenko  Joachim W. Hovenier  Larry D. Travis
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A Combination of Methods
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Discrete-Dipole-Approximation
(DDA) Method

SCATTERING AND ABSORPTION OF LIGHT BY
NONSPHERICAL DIELECTRIC GRAINS

EDWARD M. PURCELL AND CARLTON R. PENNYPACKER

Lyman Laboratory, Harvard University
Received 1973 June 4; revised 1973 July 6

ABSTRACT

A method is described for calculating approximate extinction, absorption, and scattering
cross-sections for dielectric grains of arbitrary shape, with dimensions comparable to or smaller
than the wavelength of the incident radiation. The grain is modeled by an array of N polarizable
elements in vacuum. The elements are located on a simple cubic lattice, and N is of order of magni-
tude 100. The polarizability of an element is such that an unbounded array would exhibit, according
to the Clausius-Mossotti relation, the bulk dielectric constant of the grain material. The com-
plex vector amplitude of each oscillator in the array, which is driven by the field of the incident
wave and the fields of all the other oscillators, is determined by an iterative procedure. From the
N amplitudes all the cross-sections, including differential cross-sections, are obtained. The method ApJ 333 848 (1988)
was tested by comparing the cross-sections computed for *“spherical” clusters of oscillators with
exact Mie theory values for the corresponding dielectric spheres. Computed cross-sections are
presented for five different grain shapes and three different complex refractive indices.

Subject headings: interstellar matter — opacities — polarization
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Time-Domain Methods
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Geometric-Optics Method

Basic Principle

Ray / Beam / “Photon”,

Intensity, Polarization, Phase
Ray/Beam Tracing

Snell’s Law, Fresnel Formulas
Fraunhofer Diffraction

Incident Wavefront External reflection

1-st order transmitted light

2-nd order transmitted light <:>

In @ more rigorous sense, this method is of
physics-geometric optics hybrid (PGOH).
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Ray/Beam-tracing Algorithm
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Conventional ray-tracing Beam-splitting technique

(a) (b)

(a) Larger size parameter, larger number of rays

(b) Number of beams is irrelevant to size parameter.

Similar studies: Popov, 1996; Borovoi, 2003
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Inhomogeneous Plane Waves

N = \/{mf - mf +sin’ 0+ \/(mf - mf —sin’ 19,)2 + 4m2mi }/2

/V,,=cos(9\/{(m -, -sin’ 0, +\/m -, -sin’0) +4mm}/2

Eexp(—iN [yexp(#hNV e, - 7)

sin@, = msin0, sif, = /v, smo,

Effective refractive index (Yang and Liou, 2009)
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Edge-Effect

* Question:

How to understand the difference between extinction

efficiency factors simulated from the PGOH and
exact methods (e.g. DDA)?
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Localization Principle

Mie formula:

A term of the order n corresponds to a ray passing the origin at a
distance

(7+1/2)A/27
Van de Hulst (1957)
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Extinction Efficiency
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Ex:inctian Effic ency
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Diffraction and External Reflection
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Phase Function

Impact of the Number of
particle’s Orientations
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Temperature (K)

Temperature dependent refractive index

Warren & Brandt (2008)
Grundy & Schmitt (1998)
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T-matrix

E" (1) =3 Y a,,ReM, (7)+ b,,ReN,, ()
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Ll e L T s
Extended Boundary Condition Method
(Waterma_q, 1965)
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Accurate; Stable;
Efficient for random orientation
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EBCM T-matrix and new T-matrix
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Summary

* Single-scattering property datasets have been
computed for the wavelengths from 15~99 um:

— Using the updated ice index reported in Warren and
Brandt;

— Improved accuracy of scattering calculations
— 9 representative ice crystal habits

* Perspectives:

— Temperature dependence (ice crystal habit and
refractive index)

— Volume-integration T-matrix calculation to further
improve the efficiency and accuracy
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