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High clouds in the LMDz climate model

(1) Formed by large-scale advection and deep convection (anvils) ; in this latter case they

depend on the detrainment of water vapor and maximum precipitation efficiency |e

[Emanuel & Zivkovi¢-Rothman 1999 ; Bony & Emanuel 2001; Rio et al. 2012 ; Grandpeix & Lafore 2010]

(2) Phase based on temperature using |x;, = (TT j;ce)
0 — Lice

(3) Precipitation mass flux (pw;,,qi,, ) cOmputed using ice particle fall velocity

a tuning coefficient

Wiy = YiwWo WIth wo = 3-29(/0%0)0'16 and | Yiw

[Zender and Kiehl, 1997 ; Heymsfield and Donner, 1990]
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Liquid water fraction
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Parameterization of cloud phase
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Pressure (hPa)

Impact on phase distribution

More ice crystals
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Sensitivity to|Viw|, the ice particle falling velocity

U (m/s) T (K)

Control run

]

=
Ay
7z

Reduced
falling
velocity

=
<
—
=
F

80°S 40°s 0° 40°N 80°N 80°S 40°S 0° 40°N 80°N
[ U [ [ [T BT [ [ [ [T
-40-20-10-5 -3 -2 -1 1 2 3 5 10 20 40 -30-10-5 -3 -2 -1-0505 1 2 3 5 10 30

Model results (contours) and biases compared to ERA-interim [Hourdin et al, 2013]



New diagnostics

* High sensitivity of the whole dynamics
to the amount and properties of high
clouds

 Work is underway to develop new

diagnostics for model development and

tuning :
- AIRS data (see talk by M. Bonazzola)

- CALIPSO-CloudSat (phase, vertical
structure, heating rates, cloud

lifetime...) [Cesana & Chepfer 2013,
Konsta et al. 2011,...]




Ongoing and future developments

« Measurement and
parameterization of
supersaturation (starting in polar
regions, e.g. Antarctica)

» Beginning of a PhD project on high
cloud subgrid-scale
iInhomogeneity (Jean Jouhaud)

* Improvement of ice particle sizes
and parameterization of solid
precipitation

Dome C, Antarctica
view from the mast (E. Brun)



Backup slides
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Cas de la version NPv5.17¢c
Sensibilité Tglace (avec thermo glace)

Biais vent zonal en moyenne annuelle sur 3 ans (1981-1983)
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Bials saisonniers (Tglace ON)

Janvier
NPv5.17c_SE_1981_1983_1M_histmth.nc Difference
vitu[1=1] vitu[I=1] = u[I=1]
Unweighted Avg: 2.083 Std: 21.107 | Unweighted Avg: 0.026 Std: 4.651 M
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Bials saisonniers (Tglace OFF)

Janvier
NPv5.17cTGlace01_SE_1981_1983_1M_histmth.nc Difference
vitu[I=1] vitu[I=1] = u[I=1]
Unweighted Avg: 2.875 Std: 21.633 | Unweighted Avg: 0.657 Std: 5.445

(=]

200 4

400 4

O =NWH2OO YOO =

I
-

600 i

1
LX)

1
v

1
L]

800

11
wm o~

-10

AT T T T

107
[ — LMDz6 NPv4.12
< | —upbzB
0.8

L'ajout de glace dégrade la position du jet dans ]
I'némisphére d'hiver ; \

s
= 06

2

L'ajout de glace améliore la position du jet dans y

0.0L

I'némisphere d'été ; o Rt 13

Local temperature (°C)




Tuning et position des jets
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Nuages en phase mixte

» Cristaux de glace et gouttelettes d'eau liquide
en surfusion a des tempeératures negatives

Ice in Clouds (%)
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High clouds — TGlace ON

NPv5.17c_SE_1981_1983_1M_histmth.nc

cldh[1=1]*100. Model
Weighted Avg: 29.831 Std: 22.045 Min: 1,564 Mox: 99.938 — Reference
I I Y ) Y |
80°N 100 — — 80°N
80 =
40°N — — 40°N
60
40
0° = - 0°
20
40°S ° = — 40°S
4 =
80°S 0 - — 80°S

T 1T 1T 11
o 100°E 160"W 60°W 40°E 0. 20, 40, 60. 80. |7



High clouds — TGlace OFF

NPv5.17cTGlaceO1_SE_1981_1983_ 1M_histmth.nc

cldh[1=1]*100. Model
Weighted Avg: 28.487 Std: 22.469 Min: 1.259 Max: 99.985 — Reference
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Pourtant, meilleurs nuages hauts avec Tglace ON
— pourquoi améliorer les nuages hauts dégrade le jet ?
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Proprietes radiatives des nuages

. . . 50 Crystal size in LMDz (opt. prop.) ‘ 1 -{] | 1 G |
* Nuages liquides : si . : Ice
LWC augmente, ~ |
réflexion domine et |
forcage négatif < 0.8 -
* Nuages de glace : si o |
IWC augmente, forcage ©°
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Résume stratégie tuning

Valeurs
typiques
(NPv3)
cldtau : Cloud water auto-conversion time constant, Teonvers 1,800 s
cldlc : In-cloud water threshold for autoconversion, clw 0.6 9/kg
epmax . maximum precipitation efficiency for deep convection, ep,ax 0.997
fallv : Factor on ice particles fall velocit s Viw 0.67
P y

ratqshaut . relative width of subgrid-scale water distribution above 300 hPa, &3¢ 0.25
rei_min/max : ice crystals min. and max. effective radius, (e min» €7iw.max) (20, 61.29) UM

[Hourdin et al, 2013]

Stratégie adoptée jusqu'a présent :

1.Ajuster les nuages hauts pour un bon bilan radiatif avec fallv, epmax, ratgshaut
2.Corriger la quantité de nuages bas : cldlc, cldtau

3.Récemment : modifier rei_min/max pour changer relation opacité/iwc

1. - Augmenter fallv: 2~ Augmenter cldic :
' -~ Diminue transport de I'eau vers les hautes latitudes - Augmente les nuages bas
- Diminue les nuages hauts (partout) > Augmenter cldtau :
- Augmenter epmax : - Augmente les nuages bas
> Diminue le détrainement o
- Diminue les nuages hauts (regions convectives) 3. - Augmenter rei_min : _
> Augmenter ratqs : > Diminue |'epalsseur Opthue
- Eloigne de la saturation des nuages hauts (et I'albédo)
- Diminue les nuages hauts - Diminue I'émissivité

des nuages hauts 19



La phase mixte dans les GCMs

Table 1. Cloud Phase Partitioning Schemes by Temperature in Various Climate Models©

GCM Type Tmin-C Tmaw © n Reference
C20 . —20 0 1 This study
C40 . —40 0 1 This study
SNU . —15 0 1 Lee et al. [2001]
S90 a —15 0 2 Smith [1990]
LMD a —15 0 6 Doutriaux-Boucher and Quaas [2004]
ERA40 < —23 0 2 Weidle and Wernli [2008]
MIROC low a —15 0 Le Treut and Li [1991]
MIROC high a —25 —5 Le Treut and Li [1991]
uIuC a —30 0 Sundqvist [1988]
CAM3 a —40 —10 1 Collins et al. [2004]
CAMS5 a —35 —5 1 Song et al. [2012]
GISS, Land = —40 —10 2 Del Genio et al. [1996]
GISS, Ocean = —40 —4 2 Del Genio et al. [1996]
a T—T 4
L ] ) ] _ — min )
Cloud liquid fraction = (2"~ , for Tijn < T< Tipax
Max min
[Choi et al., 2014]
Tmin n
POLDER (Doutriaux-Boucher & Quaas, 2004) -33°C 1.7

CALIPSO (Cesana & Chepfer 2013, Choi et al. 2010) -40°C ~1
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Fig. 1. (A) Annual mean (June 2006-May 2007) SCF at —20 °C isotherm. The
fraction is lowest over the Asian continents and South America, but highest
over the Southern Hemisphere high latitudes. (B) Annual mean supercooled
cloud fraction with respect to temperature over the selected regions in (A):
Asia, South America, North America, Europe, Africa, and the Antarctic. The
error bar corresponds to a standard error of +3.

21






	Diapo 1
	Diapo 2
	Diapo 3
	Diapo 4
	Diapo 5
	Diapo 6
	Diapo 7
	Diapo 8
	Diapo 9
	Diapo 10
	Diapo 11
	Diapo 12
	Diapo 13
	Diapo 14
	Diapo 15
	Diapo 16
	Diapo 17
	Diapo 18
	Diapo 19
	Diapo 20
	Diapo 21
	Diapo 22

