Revisite de l'ajustement des paramétrisations de nuages dans LMDZ
a l'aide d'émulateurs.

Frédéric Hourdin, Arnaud Jam, Fleur Couvreux, Catherine Rio, Binta Diallo,
Daniel Williamson, Victoria Volodina, Marie-Pierre Lefebvre.

|. Parameterization de nuages dans LMDZ

Il. Revisite a I'aide d’émulateur (processus gaussien) et refocalisation itérative



The thermal plume model and associated clouds
Hourdin et al., JAS, 2002; Rio et Hourdin, JAS, 2008, Rio et al., 2010, Jam et al., 2013

LeMone and Pennell, MWR, 1976 Parameterization of the
subgrid-scale

distribution of s=qg-gsat
Jam et al., 2010
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Internal variables

- w: mean vertical velocity within thermals
- a: fractional coverage of thermals

- e: entrainment rate within thermals

- d: detrainment rate from thermals

- ga: concentration of g within thermals
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SCM/LES comparison, LMDZ5B version = thermal plume model with bigaussian distribution

— Reasonable representation of cumulus clouds
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SCM/LES comparison, LMDZ5B version = thermal plume model with bigaussian distribution
- Reasonable representation of cumulus clouds
- But not the stratocumulus clouds nor the transition from cumulus to stratocumulus
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SCM/LES comparison, LMDZ5B version = thermal plume model with bigaussian distribution
— Reasonable representation of cumulus clouds
- But not the stratocumulus clouds nor the transition from cumulus to stratocumulus

- Bi-gaussian cloud schemes works fine when applied to the LES sampled variables
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Origine of the disapearance of stratocumulus :
The thermal plume model overshoots and mixes too much dry air from above

inversion with the cloud top layer.
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Mixing in Shallow Cumulus Clouds Studied by Lagrangian Particle Tracking Heus et al, Jas, 2017
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Il : Revisite avec émulateur (processus gaussien) et méta modele

The modified scheme with A~ 0.7-1.2 seems to work fine.

Questions to be revisited with UQ :

- Is there a range of parameters acceptable for all cases ?

- Is the choice of the A parameter dependent of the choice of other parameters ?

- Is it possible to define a range of acceptable values for A for further 3D GCM tests ?

History matching for 10 metrics based on 4 cases

Cumulus to stratocumulus transition case _ _
SANDU : nebzave, hour: 55-60 average cloud height f f dZ/f fdz

, hour: 55-60 f f4Z dz/f f4 dz
case of dry convection over continents
IHOP : Ay-theta, hour: 9-9 Boundary layer top entrainment

h

Continental cumulus case
ARMCU : Ay-theta, hour: 7-9
nebzave, hour: 7-9 Z;
. hour: 7-9
nebmax, hour: 7-9 Max (z) cloud cover -

—_—
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mixed layer

Marine cumuls case -
RICO : nebmax, hour: 7-9 -
nebzave, hour: 7-9 -

., hour: 7-8

I
1
1
1
1
1
I
1
1
1
1
1
1
1
1
\

9
Unstable

0. ( ~ surface laye
€

« Obs » errorrs : average / 10




3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

HIOP top entrainment alone : same parameters dominate as in Diallo’s presentation

L

a0 f
o _'

coef eva

5} B
e = fmax(0, 1 I—|-1;31 (GIE — b))
{1 B a a

0.4 . .
Autoconversion cloud - rain
Threshold

Time constant
0.2

Coef for rain reevaporatiort®




35

3.0

25

20

1.5

1.0

0.5

0.0

SANDU case. 1/2 of the points removed in one wave

a0 :
o

coef_eva

11



o
- " m o Onw o © -
_0 00000 OO
Ioigolo 0°8 o L e
]
D ooooooo
--.--@m---Aaﬂw- mﬂ-l ©
| o]
_mn. o o 04
| " &Au =} & I
[+]
i 0@ o L=
I @ 1o §¢8 ° o
1 o mﬁ o
L ;1 ° %0 %0 o
I I I | I
0091 0oclt 008

09 09 anezgau 434 NANYS LIAYM

o
I o o — =
-nnn_ﬂn.W—nmnﬂw-ond.-moo--
| | lo o Oooﬁw Wunul M
" o] © @@0
- s — ©o 0o | @
" © Wo oooo <
- 1 ﬂ D% 09
I ) o L ™
i1 °g o °
_0 st
" o] o % © | <
- ] % m o [s] o <
10 ° o 000
- 1 -0 o ° — _._.\u.
f T T T T ©
0091 0ogl1 oog
09 09 eAezgeu 434 NANYS LIAVM
[=
=
10 o o® — m
| 10 o o, ° F &
i o (o]
X O o o @0 -
- _00— o) 80 m =]
RSN -
1 00 &uﬂ. D
" o  ° 8L
o o
Vo MO %" &°| o
1 o 0%, oy
Q. 0
- " 0- 0 o .Um_ 0000 M
I @ °L e 0©
" Onu o® W o
L 1 °o°38 o |8
I I I I I =
0091 0ocl oog

09 09 enezgeu 434 NANVS LIAVM

o
— "O _ﬂ Og mO B
oo € o L8
1 olg 0@ Q
= ! og, 00
| (o]
| ! F % o° ﬁ% B
! 0, 0 © o
I s 0o.° 8PS
Illulllbbllﬂlﬂmlllll_ﬂ.lnuu o
Al L Po 2o o b
@ " ° o o0 ﬁuo o
| " op JWU nmw - S
' R °
1 T T T T
0091 0ogl 008
09 09 @ABzZgau 434 NANYS FIAYM
o
I ©o%1% o.°% o [ o
. 00 MU [s] On”mu —_
! o
_ " n_.., ° P 00 [
1 o O o %
‘o] Q °r o
Pllullln-volcllo lllll Ohv (= w
Mr o ° & )
I ° 1 ° o °gof
I o o
R T I I
" o © 0 W o &
1 T T T T
0091 00clt 00g

09 09 8ABzgeu 43H NANVS LIAVM

&
— " — OJ% oG, °I' o
]
= 1 © c L m
— " — M o ® o [
! 0 o % o S
nh — i % ° o &Wu o o
e} Qu% o Im
-II_ Imﬁolllmllllbll o
1 W o | 0
o U I
L1 Tl s
I I | I I o
0091 00ct oog

09 09 erezgeu 434 NANVS LIAVM

Cld

Cid
Ic

12

[ o® B
i o0 Oowuﬂ
[ I - &WM ...... -
"%0 o © ] o 0O
— 1 OW o WO
1 _D.D.OO o |
1 o O 0 0
— 10 F oQ A%
1
o
[ I | % m...o °5 >
! o " T ° oodF
— 1 m o (s]
_ % .3
L4 ©° % -
i T T T T
0091 00ct 008

09 09 eAezgeu 434 NANVS FIAVM

2e-04

5e-05

1e-05

coef eva



1600

iﬂ’wll Iy |II|1||F| | ':il- : §
iy TL;W'%{E

1200

800

400

800 1200 1600

400

-1.0 -05 0.0 0.5 1.0

Cld
Ic

Error bars : leave one out




Multi-wave history matching for 10 metrics based on 4 cases

Cumulus to stratocumulus transition case

A
SANDU : nebzave, hour: 55-60 = W1 W2 4
77777777777777777 . hour: 55-60 =3 -15
case of dry convection over continents W3
IHOP : Ay-theta, hour: 9-9 r=15
Continental cumulus case
fffffff ARMCU : Ay-theta, hour:7.9 ~ y w4
nebzave, hour: 7-9 =15

. hour: 7-9
nebmax, hour: 7-9

Marine cumuls case
RICO : nebmax, hour: 7-9
nebzave, hour: 7-9
. hour: 7-8

average cloud height

Boundary layer top entrainment
Max (z) cloud cover
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Improved Rico case. Stratocumulus a little bit to low but consistant with given error bars.



Conclusion

- Is there a range of parameters acceptable for all cases ?

Not too bad

- Is the choice of the A parameter dependent on the choice of other parameters ?
Not too much'!

- Is it possible to define a range of acceptable values for A for further 3D GCM tests ?
Yes! 0.07-0.1

+ privilege larger T and smaller theshold for cloud - rain conversion

+ use larger values of coef _eva

Automatic tuning on average as good as the control case.

Possibility to improve Rico case without regrading too much the others
Stratocumulus a bit too low (error bar should be refined).

To be noticed :

Importance of having a robust setup for SCM/LES

With a reduction of a factor 107 of the parameter space, requires samples of 10°, a bit too
much for the current version of HighTune script

Next step : use EOFs on the time evolution of cloud height, top entrainment ...
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Turbulent
diffusion

Conservation de la masse :

0
_—f —e—d avec [ = apw
0z
Conservation de la masse du composant g
9 qa
— eq — dq,
0z o
Equation du mouvement
A fw
_‘_fu = —dw + apB
0z
B étant la poussée d’Archimede
'H?_'a _ H?_'
B =
g 0.
J'31 B
— 4 U, ' — Ib
e = fmax( 1+ 5 (a1 w? )
a1 B (92 — )
d = 0, ———
fI'['_lEI..X( p 1+31 'L’JE ( UJZ
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Tuning :
Métriques utilisées
Barres d’erreur
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ONE BY ONE

24



25



Seérie

[1] "Remaining space after wavel: 0.5036888"
[1] "Remaining space after wave2: 0.1131553"
[1] "Remaining space after wave3: 0.00695575"
[1] "Remaining space after wave4: 3.35e-06"
[1] "Remaining space after wave5: 3.5e-07"
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Parameterization of boundary layer, convection and clouds

Couche limite et nuages

Limitations of turbulent diffusion

Idealized view of the dry convective boundary layer.

Potential temperature

initial .
o ——-  final Heat thux In the mixed layer
zA A e Diffusive formulation
h| 90
wo = —K,— =0 orslightly <0
0z
Zi ........ A S
I
|
' @ Uniform heating by the surface
—, Neutral
: (slightly stable) 89 9
7 mixed layer w' ’0
: ~ (Cste > 0)
i Ot Zi
1
]
' — 21— % —77
AN W' o =W > 0
- I

0



I1.1 Thermal plumes and clouds

. ~d
w
= —»
5 | | |
Cloud r '
A%
ermal plume < Descente compensatoire plus lente
o

= =

< >
Variables internes de la paramétrisation : Conservation de la masse :
w : vitesse moyenne des panaches ascendants g—i —e—d avec [=apw
a : fraction de la surface couverte par les ascendances Conservation de la masse du composant g
e : taux d’entrée latérale d’air dans le panache (entrainement) e,y

. . : ' 9z 17 %
d : sorties d’air depuis le panache (détrainement) ,
. . Equation du mouvement
qs : concentration du composant q dans I'ascendance 9w
~— = —dw + apB
dz
Terme source pour les équations explicites B étant la poussée d’Archimede
Oua — 0.
B=a—,
I = famax(0, (o )
\ 1 w
Diffusion turbulente 1 5h5p0rt par le modeleW
"y L] . ol B a fi]
4 Parametres libres : e fmax(o’—lf,;@ o 2= D

s =2 5=09b=0002 c=0012m", d=05

Etc ...




Il - Paramétrisation des nuages bas : principes et méthodologie

Thermiques : transport convectif

Décomposition du flux de chaleur

dans le cas MY+thermiques

Total
Thermiques

15 —

o 1-a
Compensating
subsidence

Thermals

R

6 Wd

\\_/ &5/ Tu rbug éﬁ

%510 oMboga \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\%

05 -

—D1DD

M&Y+Thermiques

)

Hourdin et al., 2002

pw'd) =

Diffusion turbulente

Thermiques et cumulus

Cumulus : partie condensee des panaches thermiques
Rio et Hourdin, 2008, Hourdin et al., 2012

LeMone and Pennell, MWR, 1976

z (m)

Meso NH)g|mulot|on

Explicit simulation, ARM continental case

Clouds N‘

10— :
e e IR

"W couvréux, et al, 2010'Rio et al., 2010""

-

Tracer emitted at surface

1T

15 ans de collaboration MOANA (CNRM) / LMD



Parameterization of boundary layer, convection and clouds

Couche limite et nuages

Mass flux schemes combined with turbulent diffusion

Potential temperature
initial
-_———- final

Heat flux
Separation into 2 sub-colums :

ZJ\ A
hfo X=aoX,+ (1 —a)Xy
2 A version 1 - « ascending plume of mass flux
layer Compensating
1 v
—“: Neutral g — e — d
N : (slightly stable) l l l az
; mixed layer aj
! Cu
: e ed % = eCqg — dCu
- : 82
1 Turbulent
( v Unstable diffusion
0. S surface layer S .

0 wo

pw'c" = —pK.— + [ (cu — ca) (1)

Chatfield and Brost, 1987, Hourdin et. al., 2002, Siebesma, Soarez et al, 2004
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