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Critical Issues in Developing Aerosol Models

* Tools: Accurate and efficient computational methods to
compute the optical properties of non-spherical aerosol
particles.

* Physics: Physical mechanism/interpretation on how
particle microphysics affects electromagnetic wave
scattering.

* Constraints: constrain  “suitable” models for
atmospheric radiative transfer simulations/applications
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Invariant imbedding T-matrix

* Arbitrary shaped and inhomogeneous particles (flexibility)

* Analytical random orientation average (accuracy and
efficiency)

* Particle size parameter up to geometric-optics domains
(applicability)
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Roundness Parameter (n)

Super-spheroidal Space

Aspect Ratio (a/c)

X Z/n y 2/71 Z Z/n
@ @ +Q =1
a a c
A Prolate Oblate Fel dspar
25} ‘, 1‘»: “. G ;
! Concave
1 A
A ; Octahedron
IR Y -
: \
: Convex
o Q9 D D
' Spheroid
0o e
Sphere Campos-Ramos A, et al. Atmos.
Enumn 2009, 4’6(39) 6159-
6167 - -
0 a Sodium chloride
0.5 : . >
0.1 0.5 1.5 2

Volcamc ash

n=0.15

Sea salt




Why more freedom is useful?
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Stereogrammetry

(Image from Lindqvist, et al., 2014)
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Laboratory Measurement

pinhole PM monitor

filter wheel
180° o
fasrH P :
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P: polarizer
M: modulator
PM: photomultlier

90°
PM detector

Schematic overview of the experimental light scattering apparatus (e.g., Amsterdam-
Granada ).
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“These samples have been investigated in Merikallio et al., (2011).



@ P, :Concave

Sample Reff/pm \(Jid Re(m) Im(m)
White clay 2.6 0.7 1.5-1.7 0.00001-0.001
Green clay-Granada 23 1.1 1.5-1.7 0.00001-0.001
Cosmic analogs(Calcite) 33 4.9 1.485-1.655 | O
Montmorillonite 2.8 1.2 1.52 0.001
Red clay 1.5 1.6 1.5-1.7 0.001-0.00001
Loess 3.9 2.6 1.5-1.7 0.001-0.00001
Sahara 8.2 4.0 1.5-1.7 0.001-0.00001
Olivine L 3.8 3.7 1.62 0.00001
Green clay-Amsterdam 1.55 1.4 1.5-1.7 0.001-0.00001
Hematite 0.4 0.6 3.0 0.1-0.01
Sahara sand (Libya) 124.75 0.15 1.5 0.004
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€ P, :Convex

Sample Reff/pm veff Re(m) Im(m)
feldspar 1.0 1.0 1.5-1.6 0.001-0.00001
allende 0.8 3.3 1.65 0.001
Volcanic ash (Spurr Stop 33) 14.4 6.6 1.48-1.56 0.0018-0.02
Forsterite small 1.3 3.1 1.63 0
Fly ash 3.65 10.9 1.5-1.7 i0.001-0.00001

Only two measured elements P;; , P;,

Sample Reff/pm Veff Re(m) Im(m)
Cosmic analogs (Allende) 2.63 3.43 1.65 0.001
Cosmic analogs (DaG521M) 8.68 2.44 1.65 0.001
Cosmic analogs (DaG521S) 3.58 1.97 1.65 0.001
Cosmic analogs (Enstatite) 3.71 3.14 1.58 0.00001
Cosmic analogs (OlivineS) 3.29 1.04 1.62 0.00001
Cosmic analogs (FRO95002M) 3.92 2.72 1.65 0.001
Cosmic analogs (FR0O99040M) 5.90 3.09 1.65 0.001
Cosmic analogs (FRO99040S) 3.68 1.73 1.65 0.001
Volcanic ash (EI Chichon) 3.2 5.4 1.5-1.6 0.001
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Super-spheroid: equi-probable shape distribution
Spheroid: power-law shape distribution

Super-spheroids are much better
than spheroids to simulate the
wavelength dependence of scattering
matrix.

Super-spheroids with  constrained
roundness parameters appear to be
much better than spheroids even
though extreme aspect ratios of
spheroids are considered.
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LIDAR Aerosol Classification
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POLDER: Simulation VS Observation

0.1

Saharan dust (April 15, 2010) . n=2.6 n=3.0
!{‘[YD021}<1\'{.i§2iOb]|.0€09Clo.tl:]3%g.soiIf.20130590:‘[2018 _hdf’ Q ’ & ‘\I ‘ '
0.05 0.35

e n=1.2
e n=1.8

o 004 e noo 1 MMo03

< ° n=2.6

© —

5 003 * =801 o5

& - @ observation

§e; eyl

S 0.02 TS o2

(_L“ .

5

2 0.01 10.15

[0}

N

T

-

(]

=z

-0.01

0.05

_0-02 | | | | | |
110 120 130 140 150 160 170 180

From: https://ladsweb.modaps.eosdis.nasa.gov/ Scattering Angle ()




Imaginary part of refractive index

Dust Shortwave Absorption Impact
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Dust direct radiative effect (summer)

TOA

Atmosphere

Surface

5.0%Fe-Ox

2.4%Fe-0Ox

90°E 105°E  120°E

50°N
40°N o el
30°N

20°N
135°E

Hr

105°E  120°E

135°E

50°N

40°N

30°N

20°N

120°E

135°E

75°E

50°N

40°N :

1 30°N

i 20°N " B Weld- B 20°N
90°E  105°E  120°E  135°E  75°E  90°E  105°E 120°E  135°E
I ] I I | [ ]
5 4 3 -2 A 0 1 2 3

105°E  120°E  135°E

W/m?

75°E 90°E

4 5



50°N 50°N
40°N 40°N
Cloud o o
Amount
Change 20°N 5 \ 20°N

75°E 90°E  105°E  120°E  135°E  75°E 90°E  105°E  120°E  135°E  75°E 90°E  105°E  120°E  135°E
[ I A
-18 156 12 -9 -6 -3 0 3 6 9 12 15 18

50°N +

Precipitation o |
Change

30°N 30°N -

20°N 1 20°N 1

75°E 90°E 105°E 120°E 135°E 75°E 90°E 105°E 120°E 135°E 75°E 90°E 105°E 120°E 135°E

N AN S———
41-9-8-7-6-5-4-3-2-10 123425246 .7 8.9 1 MM

50°N 1 50°N 1 - 50°N 1 °
Wlnd Fleld 400N ) 400N J 400N J
Change (850
hPa) 30°N 1 30°N 1 30°N

20°N 20°N 20°N 1=~

75°E 90°E 105°E 120°E 135°E 75°E 90°E 105°E 120°E 135°E 75°E 90°E 105°E 120°E 135°E



Summary

* Fundamental progress has been made to compute the optical
oroperties of aerosol particles: T-matrix

* Due the technical advances, the aerosol modeling approach has
peen extended from the conventional models (spheres and
spheroids) to current super-spheroidal models

* Extensive comparisons have been made between modeling
simulations and the Amsterdam-Granada Laboratory
Measurements.




