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Ice clouds: a mixture of crystals
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Ice clouds: a mixture of crystals
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Ice clouds: a mixture of crystals
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Ice crystals basic structure

Plate

From “Why are snowflakes like this?” Veritasium, interview to Prof. Kenneth Libbrecht
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Crystal shape dependence on environmental conditions
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Crystal shape dependence on environmental conditions

V{/ater satL ration NAKAYA
SECTOR PLATE D IAG RAM

1000 —
700 — SHEATH

N
®)
SHEATH

o
NEEDLE

o

HOLLOW
COLUMN

o
(3

VERY THICK
PLATE

1 | 1
-0 15 -20 -25

AMBIENT TEMPERATURE (°C)

.
.
o
0
7%
L
[
>
w
>—
L
o .
Z
w
o
@
o
a
<
5

COLUMN

Gianluca Di Natale Spectroscopy and Photonics for Environmental
Research and Earth Studies Group




Why study cirrus clouds?
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Single scattering properties of ice crystals
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Single scattering properties of ice crystals
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Simulation of the radiance in presence of a mixture

L
PARTICLE SIZE DISTRIBUTION (PSD) n(L,L,) = NoLte * VI
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Simulation of the radiance in presence of a mixture

L
PARTICLE SIZE DISTRIBUTION (PSD) n(L,L,) = NoLte * VI

S Ph Jy " Va(L)n(L, Lyp)dL

EFFECTIVE DIAMETER = T
Zh Ph J.L,:ix Ah(L)n{L; Lm)dL

el
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Simulation of the radiance in presence of a mixture

L
PARTICLE SIZE DISTRIBUTION (PSD) n(L,L,) = NoLte * VI

> = n(L,L,)dL
EFFECTIVE DIAMETER D,; = Dl m

— z@ffffx An(L)n(L, Lm)dhhabit fraction
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Simulation of the radiance in presence of a mixture

L
PARTICLE SIZE DISTRIBUTION (PSD) n(L,L,) = NoLte * VI

S pr e VaDn(L, Ly)dL
3, Pr S An(L)n(L, Ly)d L
S Ph S Qe (L) Ap(L)N(L, Ly)d L
S Ph fp" Ap(L)n(L, Lyn)dL
S Ph S Qa o (L) Ap(L)N(L, Lyy)d L
S PhfL ™ Ap(L)n(L, Lm)dL

EFFECTIVE DIAMETER

el

EXTINCTION EFFICIENCY (Qe)y =

ABSORPTION EFFICIENCY Q) =
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Simulation of the radiance in presence of a mixture

L
PARTICLE SIZE DISTRIBUTION (PSD) n(L,L,) = NoLte * VI

S pr e VaDn(L, Ly)dL

3P An@L)n(L, Ly)d L

% Ph " Qe (L) Ap(L)N(L, Ly)dL
S Ph J; ™ Ap(L)n(L, Ly)d L

S Ph S Qa o (L) Ap(L)N(L, Lyy)d L
S Pn fL" Ap(L)n(L, Lm)d L

S P ™ Gr(L) Qs (L) Ap(L)N(L, Lyy)d L

35 Ph Jy ™ Qs no (L) An(L)N(L, L) d L

EFFECTIVE DIAMETER

el

EXTINCTION EFFICIENCY (Qe)y =

ABSORPTION EFFICIENCY Q) =

ASYMMETRY FACTOR (g), =
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Sensitivity to the habits

Mixture (25% Hollow col. + 25% aggregates + 25% bullet ros. + 25% plates)) Let's flx an ice Cloud between 8 km
[ T [ T [ T [ T [ T [ T [ T .
» and 10 km and simulate FORUM
—— Tropic (D, =40 um, t=0.17)

— Polar(D,=10pm, t=190) | observations obtained for different
—— Mid-lat (D, = 100 pm, © = 0.06) ) ) )

latitudes and different ice clouds
assuming an homogeneous
habit distribution

The SACR code (Di Natale et al.
2020, JQSRT) is used to simulated
the radiative trasfer in the
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Sensitivity to the habits
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Sensitivity to the habits
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Far InfraRed
spectrum
represents the
perfect
candidate

for ice crystal
habits
retrieval !
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Towards the retrieval of the habit distribution

L
PARTICLE SIZE DISTRIBUTION (PSD) n(L,L,) = NoLte * VI

S pr e VaDn(L, Ly)dL

3, Pr S An(L)n(L, Ly)d L

S Ph S Qe (L) Ap(L)N(L, Ly)d L
S Ph fp" Ap(L)n(L, Lyn)dL

S Ph S Qa o (L) Ap(L)N(L, Lyy)d L
S PhfL ™ Ap(L)n(L, Lm)dL

S P ™ Gr(L) Qs (L) Ap(L)N(L, Lyy)d L

35 Ph Jy ™ Qs no (L) An(L)N(L, L) d L

EFFECTIVE DIAMETER

el

EXTINCTION EFFICIENCY (Qe)y =

ABSORPTION EFFICIENCY Q) =

ASYMMETRY FACTOR (g), =
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Towards the retrieval of the habit distribution

L
PARTICLE SIZE DISTRIBUTION (PSD) n(L,L,) = NoLte * VI

S Pa " Va(L)n(L, Lyp)dL

- |
Zh Ph !me Ah(L)n{L: Lm)dL

zhph_“ mﬂxthv(L)Ah(L)n(L L )dL

EFFECTIVE DIAMETER

EXTINCTION EFFICIENCY

zhph‘f“mf‘m (L)n(L, Lm)dL|

zh Ph J.Lm_dx Qa hu(L)Ah(L)n(L Lm)dL

ABSORPTION EFFICIENCY —
zhph‘f "X Ap(L)n(L, Lm)dL‘

™ g(L) Qs (L) A (LY)N(L, L) L
ff,:‘i Qs,n(LYAR(L)N(L, Lyy)d L

ASYMMETRY FACTOR
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Towards the retrieval of the habit distribution

L
PARTICLE SIZE DISTRIBUTION (PSD) n(L,L,) = NoLte *L,

zhﬁf“m“ Vi(L)n(L, Ly)dL

EFFECTIVE DIAMETER

EXTINCTION EFFICIENCY

S {Po|f " An(L)n(L, Ly)dL
E'.'1 Lmdx Qa npy (LYAR(LY)n(L, L,,)dL

2 ij’,.j" Ap(L)n(L, Lyy)dL
@J‘i::ix gn(L)Qgs np(LYAR(L)n(L, L,,)dL

ASYMMETRY FACTOR =
Zh@djl.,::ix Qs,hu(L)Ah(L)n(L, L)dL
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Towards the retrieval of the habit distribution

The algorithm should meet the condition: ¥ p, =
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Towards the retrieval of the habit distribution

The algorithm should meet the condition: ¥ p, =

d=(q1,..-..9qn) — p(@q) =(p1(q),...,pNn(q))

qi,...,qN € [0,1] Change of
Variables !
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Towards the retrieval of the habit distribution

The algorithm should meet the condition: ¥ p, =

d=(q1,..-..9qn) — p(@q) =(p1(q),...,pNn(q))

qi,...,qN € [0,1] Change of
Variables !

(p1(q) = q
P2(q) =q2(1 = p1(q)) =q2(1 —q1)
pP3(q) =q3(1 = p1(q) — p2(q)) =q3(1 —q1 — q2(1 —q1))

: The algorithm is integrated
L pva1(@) =qn1(1—p1(@) — ... — pn-2(Q) =qn_1(1 = X )-7 pp(q)) | inthe SACR code

N-1
pn(q) =1— 2 Pr(q) From Di Natale and Palchetti, 2022, JQSRT
h=1
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Scenarios

oo Lm

0.1 40

Tropics
0.5 100

375 synthetic

Mid-latitude o 500 scenarios

Polar 2.0 300

4.0 400

P1 P2 P3 P4 P2 P3 P4 P1 P2 P3 P4
(HO) (SBR) (SBR) (DX) (PL) | (HC) (SBR) (DX) (PL)
Mid-latitude Tropics Polar
0.80 0.10 0.10 0.05 005 | 0.80 0.10 0.05 0.05
0.10 0.80 0.80 0.05 005 | 0.05 0.80 0.05 0.10
0.05 0.10 0.05 0.80 0.10 | 0.05 0.05 0.80  0.10
0.05 0.05 0.05 005 080 | 0.05 0.05 0.10 0.80
0.20 0.30 0.25 025 020 | 040 0.10 040 0.10
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Results

MIDLATITUDE  TROPICS Let’s start with a

| | - ' bl self consinstency study of
the algorithm by using
free noise simulated
observations
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Results

MID-LATITUDE TROPICS Vector of not retrieved parameters:
o ok ' |l b=WV,T,e,, T,,CBH, CTH)

... and the associated variance-covariance
matrix (VCM) Sj used to derive the
final radiance VCM:

S; = KySp Kyt
.. and the final measurement VCM S, :
S, =8, + S

05 | | | | . ... and the VCM on the retrieved p:
) TS0 100 150 200 250 300 “ Sp = quT(KqTSy—quq.Sﬂq—l)qu

Scenario index
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Results

MID-LATITUDE TROPICS

B (a)

Regarding the effective diameters
and optical depths
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Overall, normalized x4, lower than
1.1 are found

llld III.I L

100 150 200 250 300 350 Di Natale et al. 2023, in discussion on Atm. Meas. and Techniq.
Scenario index
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| Flux error | (W/mz)
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MID-LATITUDE TROPICS

Results (fluxes)

— 8F2 : true - fixed hlablts (max = 2.7 W/m )
— J&FI: true - retrieval habits (max = 0.4 W/m )
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Antarctic dataset for validation

Cloud Base - Top ([m] 49 191118 raw signal plot

Radiance (Ww’(m2 ST Cm‘l))
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Summary

& Cirrus clouds are composed of a myriad of crystal habits which affect radiance spectrum.

& A new approach to retrieve crystal habits developed for FORUM observations

& Results on the syntethic spectra are very promising !

& We need to validate the method for instance by using spectra provided by the REFIR-PAD
spectroradiometer in Antarctica
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Mid-lat Tropics
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