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||Introduction ||

La plupart des algorithmes d’inversion des propriétés nuageuses et des précipitations
sont basés sur la simulation du transfert radiatif.

- Gprof pour GPM (base de données simulées puis inversion Bayesienne)

- Assimilation variationnelle dans les centres de météorologie opérationnels
=> Nécessité de simuler le transfert radiatif en microonde, avec précision.

Dans la phase liquide des nuages et de la pluie, les processus d’émission dominent.

Dans la phase glace, peu d’émission / absorption, mais de la diffusion, plus complexe a
modéliser dans le transfert radiatif.

Plus la fréquence augmente et plus les phénomeénes de diffusion sont importants.
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||Introduction ||
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||Introduction ||

The ingredients of the radiative transfer calculation, in a scattering atmosphere:
- the single scattering properties of the particles
(function of the dielectric properties of the particle, their size, shape and
orientation)
- the particle size distribution

- a radiative transfer code that handles scattering (e. g., ARTS)

... in addition to the other parameters also required for clear sky atmosphere
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||Introduction ||
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‘lCaIcuIating the single scattering properties

*  T-matrix (for spheres, spheroids, cylinders:
random and horizontal orientations) Sector-like snowflakes

*  Other methods e.g. Discrete-Dipole
Approximation (DDA): arbitrary shapes Top view

Side view

*  Practical approach: Liu et al., (2004) 100um 500 um 1000 um 5000 m

approximation

» Approximate complex non-spherical single B
scattering properties by a frequency
dependent effective density and diameter

¢ Allows the use of the T-matrix
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‘lModeIing the hydrometeor microphysical properties

* Particle dielectric properties

* Pure liquid and pure ice properties: fairly well understood

*  Snow: mixed phase hydrometeors = Mixing formulas e.g. Maxwell Garnett

€. = f(composition,density)

* Dry snow (ice and air) or wet snow (ice, air and water)

—— Fabry and Szymer (1999)
09 [ —— Mitchell etal. (1990)
8 ' Locatelli and Hobbs (1974)

\ - Barthazy (1998)
08 \ - Magono (1965)
\
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» Large variability in density and dielectric properties that have an important impact on the scattering

properties
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‘lModeIing the hydrometeor microphysical properties

* Particle size
* Mono-disperse / more realistic

parameterizations (e.g., using microphysical

scheme in cloud resolving models)

* Particle shape

* Complex =» common approach: spheroids

(aspect ratio)

aspect ratio (ar) =
Sphere (ar=1)

longest axis/shortest axis
Oblate spheroid (ar>1)

* Particle orientation
* Random and horizontally aligned

17/04/2014

oblate spheroids
(ar=1.6) are common

In-situ observations (field campaign images)
Heymsfield et al. (2002)
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||Hydrometeor microphysical properties in cloud resolving models

microphysics Water Species Particle size distribution function (m's) Intercept Slope parameter (m") Density References
schem Parameters (m™) (kg/m’)
Lin (2) Rain N¢(D)=nqexp(-ADr) Nor=8*10" A=(Mpwna/pq) 1000 Rutledge and Hobbs
Snow Ne(D)=nasexp(A:Dy) nes=3*10° A=(npanod/pas) > 100 (1983)
Graupel Ng(D)=nogexp(-AD;) Ngg= *10* )\g:(np‘n“/pq‘)" = 917 Lin et al (1983)
WSM6 (6) Cloud 1000 Hong et al (2006)
Rain ne=8%10° A=(Mpuned/pg) > 1000 Hong et al (2004)
Snow Nes=2*10%xp(0.12(T-Ty)) A={rtpen,s/600,)° > 100
Graupel nof4'105 Ae=(mogn og/pqg)o.zs 500
Ice (/
forg
WDMS6 (16) Cloud N(D)=3Ac’nD 2exp(> I7t S, A=(mp,T(2)n/6r(1)pg) ™ 1000 Lim and Hong
Rain Ni{D)=Ar'nDyexp(-AD;) Cl)e A=(npul(5)n/6r(2)par) 1000 (2010)
Snow N:(D)=nesexp(-A:D;) Qs A=(npsnod/6pas) > 100
Graupel Ng(D)=nogexp(-A;D;) Va: <(n0eneg/ 00 02 500
Ice N{D)-5.38"10'(2.08* 100" a//a bl\k“\‘
Thompson (8) Cloud e in 1000 Thompson et al
Rain Ne(D)=nexp(-AD,) Ng=(9*10°-2*10°)tanATx WR /S 1000 (2008)
Snow Ne(D)=M,"/M5*(490.6exp(-20.78 M,D/M5+17.46 M= /D?N(D)dD M= /DN
Graupel exp(-3.29DMy/ M3)(M;D/Ms)")) n“:max(10',min(200/q=,5'105))
Ice Ng(D)=nogexp(-AgD,)
Milbrandt (9) Cloud N(D)=3nA"D’exp(-ADy)” A=(mpul(5)nc/6(2)pqd] 000 Milbrandt and Yau
Rain Ne(D)=nceexp(-ADr) Noc=nA/(2) Aﬁ(npwf(“)m/ﬁl'(l)PqT)’”\/iooo (2005)
Snow Ny(D)=ncsexp(-\D) Nos=n:hs’/1(2) A=(mpur(4)ns/67(1)pgs) > 100
Graupel Ng(D)=nozexp(-AeD,) nog=nghe /1(2) A={Tp,T(4)ng/ 5"(1)9‘1;)” 400
Ice (rosettes) Ni(D)=nciexp(-AD;) ne=ni\i /1(2) k:(AAopwr(A)n./r(l)pq.)w 500
Hail Nu(D)=ngnexp(-AnDy) Nor=Ney /7(2) M= {rpur(4)ny/6(1)pay) > 900
Meso-NH Cloud N¢{(D)= 3Ac9n(D(6exp(-ch)3/I'(3] 1000 Pinty and Jabouille
Rain Ne{D)=ncrexp(-AD;) nor=8*10° A=4.1R#*10° 1000 (1998)
Snow Ny(D)=nesexp(-AD;) Ngs=2.5*10°570% A=2.2957%+10°
Graupel N5(0)=n°gexp(-A§Dg) No=5*10%((pq,/19.6*5*10°T(2.8)) ¥**)** | A= (p,/19.6*5*10°r(2.8)) >
Ice N{(D)= 3Acn D exp(-ADY)/T(3)
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||Hydrometeor microphysical properties in cloud resolving models
*  Very different schemes -> resultant frozen phase outputs vary widely
Ice Snow Ice Show
£
5
Milbrandt § ,
| Thompson |
Which ones are representative of observations?
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||Microphysica| assumptions: impact on microwave and millimeter frequencies ||

* Evaluation of passive and active radiative transfer simulations of real
snowfall scenes: A heavy snowfall scene over France with Meso-NH

e France, 8 December 2010: Passive/active coincident observations
* Microwave humidity sounder radiometer (MHS): 89, 157, 183+1, 18343, 190 GHz
* Cloud radar CloudSat: 94 GHz

* Exploit synergy (multi-frequency passive
observations and active observations)
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||Microphysica| assumptions: impact on microwave and millimeter frequencies
Meso-NH fields
Water Vapour (kg/n) Rain (kg/m?) ) Ice (kg/n?) ,
* Study coupling radiative transfer model ARTS with cloud » 15 5 15
resolving model Meso-NH to simulate microwave = & 0s E os
instruments -zuzaaa‘m ° 20246810 20246810 °
SNOW CONTENT Graupel (kgi?) Cloud (kgi?)

» Evaluation of radiative transfer simulations and
microphysical assumptions

e 15t step: Meso-NH scheme (intrinsic particle size
distribution and mass-size relationship)
* Assume most basic shpae: spheres and derive
density
* Dielectric properties (snow, graupel with mixing
formulas)

» Distribution of simulated TB:
shifted to warmer temperatures
than observations

pE §lObservation
-5 051015

» Basic interpretation of Meso-NH
outputs failing to reproduce the

54|
o 2
2 50|
LY

2
15

1 | sof

05

MHS (89 GHz)

20246810

2
15
1
05

54

52|

50|

ag|

26|
20246810

MHS observations

MHS (157 GHz)

Histograms of observed and simulated TB

89 GHz

1

157 GHz

# 0.6

04
0.2

‘7

0.8
0.6
0.4
0.2

Ly
F
iy
i
\

s !

0 A\
900 220 240 260 280 200 220 240 260 280

observed intense scattering TB (K)

17/04/2014 Journée de réflexion sur I'observation de la phase glace dans les nuages 12



||Microphysica| assumptions: impact on microwave and millimeter frequencies ||

. . e e . MHS Simulation MHS Observations
* Passive observations: sensitivity o o
I . < 260 N < 260
D [~}
ana yS|S £ 200 g 20
= =
* Basicinterpretation of Meso-NH outputs: 220 . S o 220 s s -
very little scattering Longitude Longitude
* Tested different sizes, densities, dielectric o g
properties, single scattering properties 5 § 20 W
el . & @ 220
* Tested sensitivity to snow content = = a0
-2 2 6 10
Longitude
» High sensitivity to density % % -
> Liu et al. (2004) approximation matches i 7%
g 8
. o = 0
observations @ 2 ol ; ; |
> Similar results for other real scenes Longitude Longitude
= = = Dry Snow (Meso-NH, sphere)
Dry Snow (p=0.1g/cm®, horizontal ar=1.6)
——— Dry Snow (Meso-NH, Liu Approx., spheres)
~—=— Dry Snow (Meso-NH, Liu Approx., horizontal ar=1.6)
~—=— Dry Snow x 1.25 (Meso-NH, Liu Approx., horizontal ar=1.6)
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||Microphysica| assumptions: impact on microwave and millimeter frequencies ||

* Active observations: sensitivity
analysis
* Same microphysical assumptions

Active simulations

Snow content x1.25

¢ CloudSat retrievals vs. Meso-NH snow

content
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Synergy: passive multi-frequency simulations
and active

» Better constrain (e.g. active sensitivity to

mass content)

» Consistent assumptions about
microphysical parameters, we can
reasonably simulative active and passive
simulations
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||Conc|usions

Very large sensitivity of the microwave observations to the ice phase, above 80 GHz.

It increases with the frequency
=> interest of the millimeter waves for ice characterization (ICl on MetOp-SG)

Importance of realistic estimates of the microphysical properties of the ice and snow for
accurate radiative transfer simulations, and as a consequence, accurate ice and snow
retrievals with passive microwaves.

Work to be continued with cloud modelers, with evaluation with satellite observations.

Interest of passive / active microwave synergy to help constrain the problem
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