General texts on the principles of climate modeling

https://www.lmd.jussieu.fr/~hourdin/PUBLIS/HourdinGuillemotUniversalis.pdf
Un article de présentation générale de la modélisation du climat (francais)

https://web.lmd.jussieu.fr/~hourdin/PUBLIS/110329_LivreClimat_IV.6_10.pdf
Le principe des paramétrisations physiques

https://web.lmd.jussieu.fr/~hourdin/PUBLIS/110329_LivreClimat_IV.13_06.pdf
Stratégie d’évaluation des modeles

https://www.lmd.jussieu.fr/~hourdin/PUBLIS/bams-d-15-00135.1.pdf
The art and science of climate model tuning (english)

More technical and directly related to the course

http://www.Imd.jussieu.fr/~hourdin/HDR/habil.pdf (in french ...)
Reynolds decomposition (Section 2.2.2)

Advection schemes (Section 2.3)

Turbulent diffusion (Section 3.1)

Boundary layer convection (Section 3.3)

http://hmf.enseeiht.fr/coursenligne/estivalezes/notes_tmms.pdf
COURS ENSEEIHT : Reynolds, TKE equation


https://www.lmd.jussieu.fr/~hourdin/PUBLIS/HourdinGuillemotUniversalis.pdf
https://web.lmd.jussieu.fr/~hourdin/PUBLIS/110329_LivreClimat_IV.6_10.pdf
https://web.lmd.jussieu.fr/~hourdin/PUBLIS/110329_LivreClimat_IV.13_06.pdf
https://www.lmd.jussieu.fr/~hourdin/PUBLIS/bams-d-15-00135.1.pdf
http://www.lmd.jussieu.fr/~hourdin/HDR/habil.pdf
http://hmf.enseeiht.fr/coursenligne/estivalezes/notes_tmms.pdf

Parameterizations and use of models

|. Convective parameterisations

Il. Parametrizations and calibration/tuning



Parameterizations : principles

* Compute the average effect of unresolved processes on the global model state
variables (U, 0, q)

* Based on a description of the approximate collective behavior of processes

* Involve additional parameterization internal variables (cloud characteristics,
standard deviation of the sub-grid scale distribution of a variable, ...)

* Derive equations relating internal variables to the state variables
U, 0, q at time t — internal variables = F, O, Sg = U, 0, q at t+0t

* Homogeneity hypothesis (statistical) on the horizontal of the targeted processes
(like in the plane-parallel approximation of radiative transfer)

— ]-dimensional equations in z (vertical exchanges onl

—> Independent atmospheric column




nt approaches for parameterizations of convection and clouds .

P




Il. General circulation models

Within a column of the atmospheric model ...
I
I

- « turbulent mixing» or turbulent diffusion
Transport by small random motions.

Turbulence parameterization
g Analogous to molecular diffusion

Dg/Dt =Sq  with  Sq=—(K 8q)
07 07
— Prandtl mixing length : K =I|w|
| . Caracteristic mixing length ¢
w . Caracterisitc velocity
— Turbulent kinetic energy : KZ:I\Q
De/Dt = f (dU/dz, d&dze,...)
Dl/dt= .. v
Same models are used in ingineering sciences Aworld by itself s

Similarity - Tests a des échelles différentes en laboratoire



Turbulence isotrope de petite échelle -> mélange turbulent

Turbulence atmospherique : “meso-échelle”, organisée et anistrope

Exemples de mesures avion
(région parisienne, conditions estivales, cumulus)

s | Vitesse verticale (m/s). ... .

Q- ””ﬂxﬂh—wh&‘ﬂ* Hg‘w.! '

Couche saturée

_\5 I I .............. .............. .........
4{.!!:! 4 ! 0 -ECI
|

* L'air chaud (léger) et humide monte de la surface sous l'effet des forces d'Archimede.
* En montant cet air ce refroidit (détente adiabatique) et ne peut plus contenir autant de
vapeur d'eau.

* En cas de saturation : apparition de cumulus en haut du panache chaud.



- ~] Importance des structures organisées
7% visualisées ici par les rues de nuages "

" Liteulali .

Exemple classique de rues de nuages créées au
sommets de rouleaux convectifs :

arrivé d'air polaire froid sur des masses
océaniques plus chaudes

entrée d'air marin doux sur un continent plus

E&&_ l?
3
R * o
w B WS, T s oy ™
(Atkinson & al., ‘9% S
3 _1\:}1. .



Exemple d'observations de la couche limite en région parisienne

Sondages de Trappes (Paris) Observations Lidar
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Exemple d'observations de la couche limite en région parisienne

Sondages de Trappes (Paris)

L]

Observations Lidar
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2. Couche limite convective

Convection organisée méme pour les couches limites non nuageuses.

Mise en évidence dans des « Large Eddy Simulations » ou « Simulation des grands
tourbillons », domaine de quelques km, mailles de gq 10m.

Forcé par un flux de chaleur venant de la surf:ilce

0

Exemple de résultats

de simulations LES.
Coupes instantannées

au niveau 0.2 Zi ou Zi

est la hauteur de la couche
limite. Moeng et al, 1994

ot 7 M, =
= A
> = Al
2 = I PP oY
)
4G

~

Simulation avec
convection +
cisaillement

3 T b g
G S 5
= W Tir=
R
3000 " Mg oL

]
(\\\ ‘
L Y

7
/

Simulation avec convection
sans cisaillement
(convection libre)




Parameterization of convective boundary layer and turbulence

Built upon on much finer resolution simulation (LES), here with a mesh of 8m
This movie is all physics : both the simulation of clouds and the rendering

Physical rendering made possible by a recent PhD 2019 (N. Villefranque)
An illustration of state-of-the-art work on parameterizations





Parameterization of convective boundary layer and turbulence

Built upon on much finer resolution simulation (LES), here with a mesh of 8m
This movie is all physics : both the simulation of clouds and the rendering
Physical rendering made possible by a recent PhD 2019 (N. Villefrangue)

An illustration of state-of-the-art work on parameterizations

~Copyright.(C)-2019.CNRS;-MétéoFrance, Meso- pshaidavilefrandie@gmaikeoii
This video is licensed under a Creative Commons Attribution- erlm_ rnational License.



Parameterization of convective boundary layer and turbulence

Large Eddy simulations at 8m of a case of cumulus case (ARM case)
Used to understand the processes at work and idealize them

Convective QD:) Small scale
turbulence




Tracer emitted at the surface of the LES to identify convective plumes

§ Clouds

Conyection
An analogous

\




Parameterization of convective boundary layer and turbulence
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The “thermal plume model” equations
An EDMF, combining turbulent diffusion with mass fluxes

Z
h X:aXu—l—(l—oz)Xd
A ension % l-a ascending plume of mass flux
layer 7 7 Thermal Comge,nsatlng
LA plume subsidence f
! =  Oopw
: \ id 9 e
9: Neutral ;ﬂ _f — e — d
! (slightly stable)
e ™ I 3
. ! e W o fcu
: > -\ e Y4 1h = ecy — dcy
i WY i 0z
|| Turbulent
— 1 Unstable Ky diffusion
O © surface layer _ _
0 wbo
dc
pw'c! = —pKZa—Z + f (cu — ca) 9)

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

Chatfield, R. B., et Brost, R. A. (1987). A two-stream model of the vertical transport of trace species in the convective
boundary layer. Journal of Geophysical Research, 92, 13,263-13,276.

Hourdin, F., Couvreux, F., & Menut, L. (2002). Paramétrage de la couche limite de convection seche basé sur une
représentation du flux de masse des thermiques. Journal of the Atmospheric Sciences, 59, 1105-1123



Statistical cloud scheme

« all or nothing » model :
If g> gsat cloudy grid cell, else clear sky

q : water vapor concentration

gsat . maximum concentration at saturatic
If q>Qsat:

- water condenses = clouds :

q and gsat are known at the grid scale —_— 200km

— What is the fractional coverage ?

unf 03

g < (sat
-~ (sat

« Satistical » cloud scheme :
P(op | We assume a subgrid-scale distribution of
q' in the grid cell centered on q

Plq) |

9 qsat
P(q) |

9 qsat q,

Simple parameterization : gaussian with o/ g = 20%



« Mass flux schemes » : example of the thermal plume model
boundary layer convection

Hourdin et al., JAS, 2002; Rio et Hourdin, JAS, 2008 Parameterization of the
subgrid-scale
LeMone and Pennell, MWR, 1976 (\f-h distribution of s=g-gsat
Q genV:S STth:Su
CA oosE_1 | l | 1 1 L1 | l
] Envirogiment | cloud [
: 24 4 o Jent | cloud
_""__,_::.\_‘ —] —
El].ﬂ'24_ |
e NEQ T B :
X Q 1-Q DE_I:.m;z: N
2006 N
Internal variables oA N
. . . . . —0.40 QLG 0,40
- w: mean vertical velocity within thermals s(g,/kg)
- a: fractional coverage of thermals — _ _ _
- e: entrainment rate within thermals Os.emr = Copp~ TR (Sth —Sem) +b % qt,n
- d: detrainment rate from thermals B T L B
- ga: concentration of g within thermals Os.th = Cth X {-ﬁ) 2 X (.S‘;;; — .S‘gm-) +b X qu
S y
=~ A< eyt
Ll l—lde
B \ 4 18
< 218 lem oo >

Simple parameterization : Gaussian 0/ g = 20%



r'haill_e de 8m ¥
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Detailed simulation
(LES : Large Eddy Simulation)

Compitung the cloud
fraction for each grid
cell in one column of the

GCM

—_ A.I.I.I. ' I I T T T T
€28+ - £28 7 Result of 20 years of research -
0247 = ;!: oo :
Computing at each gz-“: - 5297 \ -
altitude the fraction of the = 1.6 - 0\ - £ 187 0 C
horizontal domain covered < 1.2 u <12 - 6 ’ -
by clouds. L — -
Also called ; @ [ Evaluation -
the cloud fraction A = -ﬂ|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-F
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Amélioration/évaluation des paramétrisations :

apport du « modele du thermique » dans LMDZ

'

1/ en mode uni-
colonne (SCM)
vs simulations
explicites (LES)

Cas ARM
(Oklaoma) de cycle
diurne de cumulus

&

tude
Ll I_b

Alti
Ykt

-

oo
=
I

TTTTTTTTTTTTTT

0.0

TTTTTTTTTTTITTT

LI
mmumm:m 12mlm1m15mzum

Heure locale solaire

CMIP3 Reference

CMIP6

2/ dans le modéle
climatique 3D vs
satellites

Low clod cover (%) annual mean Callpso lidar
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50° 150° 10w 10°W
3D climate simulation (annual mean)
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Conceptual model of convection highlighted by field campaigns

Pressure (hPa)

3. La convection profonde

Spécificités de la convection profonde
- Profonde (typiquement jusqu'a la tropopause)

- Instabilité conditionnelle — Processus de déclenchement (triggering)
- Importance de la microphysique. La pluie joue un role déterminant.

- Importance de I'organisation méso-échelle (formes variées)
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3. La convection profonde

A

« Nouvelle physique » :

controle de la convection par les processus sous-nuageux

Z

— Paramétrisation des poches froides (Grandpeix and Lafore 2010)

= Fermeture basée sur les processus sous-nuageux
Dans LMDZ : on se base sur la vitesse verticale W' estimée par

les paramétrisations des thermiques et des poches froides.
(these Catherine Rio)

/ K: Energie de soulevement disponible
ALE en J/kg, proportionnel a w'2,
== Déclenchement : max (ALEw,ALEwk) > |CIN]

P: Puissance de soulevement disponible
ALP en W/m2, proportionnel a w'3,

\—b Fermeture : MB:f(ALPth+ALPWk)/

| - o ... i W'Wk // / / e
N : pitating
V S Air liftipg Va /) // %d’owdr,‘.J
*-” o ’ - T

Schemfatic view of

o

Emanuel (1993) scheme
Deep convection

Ov



3. La convection profonde |
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Tuning of cloud parameters
Mauritsen et al, 2013, Tuning of the MPI model
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Use of a scaling factor on the fall velocity of cloud ice particles
Impact on global radiative balance and latitudinal radiative forcing of the circulation

Impact sur les flux globaux au sommet
= Rayonnement SW absorbé

260 Rayonnement LW sortant

80
MPI-ESM1.1 —— ASR =
N 70
25| GFDLCM3 --. OLR ¢~ Tuned values | ~ o

IPSL-CM5A

2501 IPSL-CM5B 40

LW CRE (W/m
w
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£ 245} 20
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c 240 0
0 0
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@
o 235 ¥ =20
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/ o —60
/ 5
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n Y —100
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Fall velocity parameter Latitude | === |PSL-CM5B
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https://www.lmd.jussieu.fr/~hourdin/PUBLIS/bams-d-15-00135.1.pdf
The art and science of climate model tuning


https://www.lmd.jussieu.fr/~hourdin/PUBLIS/bams-d-15-00135.1.pdf

Recconstructions du 20eme siecle
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Spatial and temporal scales of convection: a challenge for models
hour day days

weeks

Convective cell

1-10 km

. Mesoscale
Convective System

100-500 km

1000 km

Synoptic cluster

10000 km

Madden-Julian
Oscillation

Tropical cyclone
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Subrid scale clouds, poor microphysics

Climate studies (CMIP)

Explicit convection
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Concluding remarks / recommendations

Parameterizations

— Parameterizations are keys in climate modeling, in particular that of subgrid scale
processes, cloud, convection ...

-~ Parameterizations based on an idealization of the physical processes

— Turbulent and convective processes may start to be explicitly represented at fine
resolution : < 10 km for deep convection, < 500 m for boundary layer convection.

— Various approaches exist on the way to decompose and approximate the system
— Use of explicit LES very efficient approach for parameterization development

— Non local organized turbulence very important for climate

Model and model configurations

— The model or model configuration you are using should depend on the problem you

want to address.

- All models are wrong and must be assessed specifically for the question you want to
address.

-~ A parameterization or a model : Grid configuration + set of equations + tuning
— The tuning should be reconsidered if you change the model configuration

— Tuning should be considered as well for limited area model. It is most often not the

case
35




Parameterizations and use of models

I. Convective parameterisations

Il. Parametrizations and calibration/tuning




General texts on the principles of climate modeling



https://www.lmd.jussieu.fr/~hourdin/PUBLIS/HourdinGuillemotUniversalis.pdf

Un article de présentation générale de la modélisation du climat (français)



https://web.lmd.jussieu.fr/~hourdin/PUBLIS/110329_LivreClimat_IV.6_10.pdf

Le principe des paramétrisations physiques



https://web.lmd.jussieu.fr/~hourdin/PUBLIS/110329_LivreClimat_IV.13_06.pdf

Stratégie d’évaluation des modèles



https://www.lmd.jussieu.fr/~hourdin/PUBLIS/bams-d-15-00135.1.pdf

The art and science of climate model tuning (english)





More technical and directly related to the course



http://www.lmd.jussieu.fr/~hourdin/HDR/habil.pdf (in french ...)

Reynolds decomposition (Section 2.2.2)

Advection schemes (Section 2.3)

Turbulent diffusion (Section 3.1)

Boundary layer convection (Section 3.3)



http://hmf.enseeiht.fr/coursenligne/estivalezes/notes_tmms.pdf

COURS ENSEEIHT : Reynolds, TKE equation





Parameterizations and use of models





I. Convective parameterisations



II. Parametrizations and calibration/tuning
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Inside an « atmospheric column » ...‏

?
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Parameterizations : principles



		 Compute the average effect of unresolved processes on the global model state variables (U, q, q) 







		 Based on a description of the approximate collective behavior of processes





 

		 Involve additional parameterization internal variables (cloud characteristics, standard deviation of the sub-grid scale distribution of a variable, …)







		 Derive equations relating internal variables to the state variables 





U, q, q at time t  → internal variables → F, Q, Sq → U, q, q  at t+dt



		 Homogeneity hypothesis (statistical) on the horizontal of the targeted processes (like in the plane-parallel approximation of radiative transfer)

→ 1-dimensional equations in z (vertical exchanges only)

→ Independent atmospheric column





 













Current approaches for parameterizations of convection and clouds















→ « turbulent mixing» or turbulent diffusion

Transport by small random motions.

Analogous to molecular diffusion



→ Prandtl mixing length :

l : Caracteristic mixing length

w : Caracterisitc velocity





200 km



20 km

































































































































Within a column of the atmospheric model ...

Turbulence parameterization



Dq/Dt  = Sq



with  Sq



q



→ Turbulent kinetic energy :‏

De/Dt = f (dU/dz, dq/dz,e,...)

Dl/dt= ...



Same models are used in ingineering sciences

Similarity → Tests à des échelles différentes en laboratoire







A world by itself







































































































II. General circulation models





Alors, en deux mots, pourquoi vouloir réprésenter le transport atmosphérique de polluants dans les modèles globaux.



Il y a d'abord bien sur la problématique du climat et, en particulier, du changement climatique sous l'effet de l'augmentation des gaz à effet de serre.

La connaissance de l'évolution de la composition de l'atmosphère constitue encore une part importante de l'incertitude sur l'amplitude du changement climatique.



Pour illustration, je montre ici des résultats obtenus tout récemment avec le modèle couplé océan-atmosphère que nous avons développé ces dernières années à l'IPSL.

La courbe noire montre l'évolution observée de la température moyenne à la surface du globe au cours du Xxe sciecle. La courbe rouge montre une simulation ou on ne prend en compte que l'augmentation des gaz à effet de serre et la courbe verte montre  des résultats prenant en compte l'effet de de l'évolution des aérosols. 



Les processus de transport sont également très important pour la sensibilité climatique elle-meme, que ce soit au travers des rétroactions vapeur et nuages.









Exemples de mesures avion 

(région parisienne, conditions estivales, cumulus)‏











Vitesse verticale (m/s)‏



Humidité (g/kg)‏



Turbulence isotrope de petite échelle -> mélange turbulent‏

Turbulence atmosphérique : “méso-échelle”, organisée et anistrope























































		 L'air chaud (léger) et humide monte de la surface sous l'effet des forces d'Archimède.



		 En montant cet air ce refroidit (détente adiabatique) et ne peut plus contenir autant de 





vapeur d'eau.



		 En cas de saturation : apparition de cumulus en haut du panache chaud.



















(Atkinson & al., 1996)‏





Importance des structures organisées visualisées ici par les rues de nuages



Exemple classique de rues de nuages créées au sommets de  rouleaux convectifs :



		 arrivé d'air polaire froid sur des masses océaniques plus chaudes



		 entrée d'air marin doux sur un continent plus chaud























Exemple d'observations de la couche limite en région parisienne



Sondages de Trappes (Paris)







Observations Lidar















Exemple d'observations de la couche limite en région parisienne



Sondages de Trappes (Paris)







Observations Lidar
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Exemple de résultats

de simulations LES.

Coupes instantannées

au niveau 0.2 Zi où Zi

est la hauteur de la couche

limite. Moeng et al, 1994





Simulation avec

convection +

cisaillement















Simulation avec convection

sans cisaillement

(convection libre)‏



Convection organisée même pour les couches limites non nuageuses.

Mise en évidence dans des « Large Eddy Simulations » ou « Simulation des grands tourbillons », domaine de quelques km, mailles de qq 10m.

Forcé par un flux de chaleur venant de la surface



2. Couche limite convective









Parameterization of convective boundary layer and turbulence



Built upon on much finer resolution simulation (LES), here with a mesh of 8m

This movie is all physics : both the simulation of clouds and the rendering

Physical rendering made possible by a recent PhD 2019 (N. Villefranque)

An illustration of state-of-the-art work on parameterizations







 Copyright (C) 2019 CNRS, MétéoFrance, Meso-Star, UPS (najda.villefranque@gmail.com)

 This video is licensed under a Creative Commons  Attribution-NoDerivatives 4.0 International License. 





Parameterization of convective boundary layer and turbulence



Built upon on much finer resolution simulation (LES), here with a mesh of 8m

This movie is all physics : both the simulation of clouds and the rendering

Physical rendering made possible by a recent PhD 2019 (N. Villefranque)

An illustration of state-of-the-art work on parameterizations















































































































































Parameterization of convective boundary layer and turbulence



Large Eddy simulations at 8m of a case of cumulus case (ARM case)

Used to understand the processes at work and idealize them



Parameterization of convective boundary layer and turbulence



















































































































































Clouds



Tracer emitted at the surface of the LES to identify convective plumes























































































































km



Rayleigh Bénard

Convection

An analogous
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Parameterization of convective boundary layer and turbulence





ih

Chatfield, R. B., et Brost, R. A. (1987). A two-stream model of the vertical transport of trace species in the convective boundary layer. Journal of Geophysical Research, 92, 13,263-13,276.

Hourdin, F., Couvreux, F., & Menut, L. (2002). Paramétrage de la couche limite de convection sèche basé sur une représentation du flux de masse des thermiques. Journal of the Atmospheric Sciences, 59, 1105-1123





The “thermal plume model” equations

An EDMF, combining turbulent diffusion with mass fluxes
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20 km

















Statistical cloud scheme



« all or nothing » model :

If q> qsat  cloudy grid cell, else clear sky



 q < qsat



 q > qsat



















200 km



20 km

















 q < qsat





« Satistical » cloud scheme :

We assume a subgrid-scale distribution of

q' in the grid cell centered on q





q : water vapor concentration

qsat : maximum concentration at saturation

If  q > qsat :  

→ water condenses = clouds

q and qsat are known at the grid scale

→ What is the fractional coverage ?











Simple parameterization : gaussian with s / q = 20%





« Mass flux schemes » : example of the thermal plume model

boundary layer convection

Hourdin et al., JAS, 2002; Rio et Hourdin, JAS, 2008



Internal variables



- w: mean vertical velocity within thermals

- α: fractional coverage of thermals

- e: entrainment rate within thermals

- d: detrainment rate from thermals

- qa: concentration of q within thermals 
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z (m)



LeMone and Pennell, MWR, 1976 

X

Z 
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20 km

















 q < qsat



Simple parameterization : Gaussian σ / q = 20%





Environment | cloud







Parameterization of the 

subgrid-scale 

distribution of s=q-qsat



senv=s















sth=su















12km







Evaluation















maille de 8m









Field campaign expriment



Detailed simulation

(LES : Large Eddy Simulation)
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Evaluation
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Building a model of a convectif plume and associated clouds.

Trying to represent an idealized mean cloud



Field campaign expriment



Detailed simulation

(LES : Large Eddy Simulation)
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Evaluation
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Computing at each altitude the fraction of the horizontal domain covered by clouds.

Also called :

 the cloud fraction







Altitude (km)



Heure locale solaire









Altitude (km)



Heure locale solaire





Compitung the cloud fraction for each grid cell in one column of the GCM







Evaluation





LMD model until 2010



Field campaign expriment



Detailed simulation

(LES : Large Eddy Simulation)
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Evaluation
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Computing at each altitude the fraction of the horizontal domain covered by clouds.

Also called :

 the cloud fraction







Altitude (km)



Heure locale solaire





Compitung the cloud fraction for each grid cell in one column of the GCM







Evaluation



Field campaign expriment





Detailed simulation

(LES : Large Eddy Simulation)







Altitude (km)





Heure locale solaire



Result of 20 years of research







12km







Evaluation
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Computing at each altitude the fraction of the horizontal domain covered by clouds.

Also called :

 the cloud fraction







Altitude (km)



Heure locale solaire





Compitung the cloud fraction for each grid cell in one column of the GCM







Evaluation





Field campaign expriment



Detailed simulation

(LES : Large Eddy Simulation)
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Heure locale solaire



Result of 20 years of research



24 hours on 1000 cpu



0,3 s on 1 CPU







12km







Evaluation
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Computing at each altitude the fraction of the horizontal domain covered by clouds.

Also called :

 the cloud fraction







Altitude (km)



Heure locale solaire





Compitung the cloud fraction for each grid cell in one column of the GCM







Evaluation





Field campaign expriment



Detailed simulation

(LES : Large Eddy Simulation)
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Result of 20 years of research



Simulation



Model

























CMIP3



Reference



CMIP6



Low clod cover (%), annual mean Calipso lidar



3D climate simulation (annual mean)

Low clod cover (%), Calipso simulator





2/ dans le modèle climatique 3D vs satellites





Amélioration/évaluation des paramétrisations :  apport du « modèle du thermique » dans LMDZ



Cas ARM 

(Oklaoma) de cycle diurne de cumulus 





1/ en mode uni-colonne (SCM) vs simulations explicites (LES)
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Spécificités de la convection profonde

- Profonde (typiquement jusqu'à la tropopause)

- Instabilité conditionnelle → Processus de déclenchement (triggering)

- Importance de la microphysique. La pluie joue un rôle déterminant.

- Importance de l'organisation méso-échelle (formes variées)







Conceptual model of convection highlighted by field campaigns



Zipser, 1977









Emanuel, 1991



3. La convection profonde 





→ Paramétrisation des poches froides (Grandpeix and Lafore 2010)

→ Fermeture basée sur les processus sous-nuageux

Dans LMDZ : on se base sur la vitesse verticale W' estimée par

les paramétrisations des thermiques et des poches froides.

(thèse Catherine Rio)
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Precipitating
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CIN

Mb



W'th



W'wk





Déclenchement : max (ALEth,ALEwk) > |CIN|  

K:  Energie de soulèvement disponible

ALE en J/kg, proportionnel à w'2.

P:  Puissance de soulèvement disponible

ALP en W/m², proportionnel à w'3.





Fermeture : MB=f(ALPth+ALPwk)



Schematic view of

Emanuel (1993) scheme

Deep convection



« Nouvelle physique » : 

contrôle de la convection par les processus sous-nuageux











3. La convection profonde 









3. La convection profonde 



Heure du maximum de précipitation (Juillet Août)



Obs. TRMM







LMDZ5A











LMDZ5B







LMDZ6A







1-epmax



fact_thermals_ed_dz



cld_lc_lsc



coef_eva



cld_lc_lsc



Mauritsen et al, 2013, Tuning of the MPI model



fallv



Tuning of cloud parameters 



Name of parameters in LMDZ











Use of a scaling factor on the fall velocity of cloud ice particles

Impact on global radiative balance and latitudinal radiative forcing of the circulation



Impact sur les flux globaux au sommet

	Rayonnement SW absorbé

	Rayonnement LW sortant







LWCRE (W/m2)



SWCRE (W/m2)



The art and science of climate model tuning



https://www.lmd.jussieu.fr/~hourdin/PUBLIS/bams-d-15-00135.1.pdf













Recconstructions  du 20eme siècle



Sensibilité conditions initiales

(modèle MPI)



Effet du tuning

Modèle du GFDL
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Spatial and temporal scales of convection: a challenge for models
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Climate modeling
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Explicit convection

1/0 clouds, sophisticated microphysics

Process studies (GASS)









Parameterized convection

Subrid scale clouds, poor microphysics

Climate studies (CMIP) 









Grey zone for convection





Grey zone for boundary layer









Ocean









Parameterizations

→ Parameterizations are keys in climate modeling, in particular that of subgrid scale processes, cloud, convection ...

→ Parameterizations based on an idealization of the physical processes

→ Turbulent and convective processes may start to be explicitly represented at fine resolution : < 10 km for deep convection, < 500 m for boundary layer convection.

→ Various approaches exist on the way to decompose and approximate the system

→ Use of explicit LES very efficient approach for parameterization development

→ Non local organized turbulence very important for climate



Model and model configurations

→ The model or model configuration you are using should depend on the problem you want to address.

→ All models are wrong and must be assessed specifically for the question you want to address.

→ A parameterization or a model : Grid configuration + set of equations + tuning

→ The tuning should be reconsidered if you change the model configuration

→ Tuning should be considered as well for limited area model. It is most often not the case







Concluding remarks / recommendations





Régime « eddying » R, — X " N(2) "

T J_g J
Submesoscale Eddy Eddy Grande
permitting resolving permitting échelle
-
: s [BAz/Ry

~1/4° ~1°

e
w
O

]
[=]
o

n
o

£

=

é 100 60°N

[l

2 50

: ®30°N

¥ [ T

e 0 = 0°

= 60 = .
[§] L m 1 N
g ! - 30°S \\,

m

40 |

20 A~

L < 1 «
%0 30 '_6 T30 60 0° 60°E 120°E 180°W 120°W  60°W
weftese  IChelton et al. 1998] [Smith 2007]








FERRET Ver. 6,51
NOAR/PHEL THAP
Mar 9 2012 11:47:43

X (km) : 4.9 to 6 (averaged)
TIME @ 21—-JUN-1997 19:30 DATA SET: ARMHR.1.sc464.008diaKCL

Meso—NH simulation
| | | |

1.0 3.0 5.0 7.0 9.0 1.0
CONTOUR: 1 000+RCT] I=50:608AVE] Y (km)

SVTO03 (KG/KG)




Couche limite et nuages

Parameterization of boundary layer, convection and clouds

Mass flux schemes combined with turbulent diffusion
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Experiment #1: Satellite Lidar Assimilation
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MAURITSEN ET AL.: TUNING THE CLIMATE OF A GLOBAL MODEL

MO00AO0T

Figure 2.

Tlustration of the major uncertain climate-related cloud processes frequently used to tune the climate of

the ECHAM model. Stratiform liquid and ice clouds, and shallow and deep convective clouds are represented. The
grey curve to the left represents tropospheric temperatures and the dashed line is the top of the boundary layer.
Parameters are a) convective cloud mass-flux above the level of non-buoyancy, b) shallow convective cloud lateral
entrainment rate, c¢) deep convective cloud lateral entrainment rate, d) convective cloud water conversion rate to
rain, e) liquid cloud homogeneity, f) liquid cloud water conversion rate to rain, g) ice cloud homogeneity, and h) ice

particle fall velocity.

varying complexity. In essence, these schemes diagnose
the mass-flux of the updrafts, the entrainment of air into
the updraft from the surroundings and detrainment of
air out of the updraft as functions of height. The three
are connected by mass conservation to provide two
independent updraft properties. More mass-flux leads
naturally to more transport, while the role of entrain-
ment is more complicated. Typically, more entrainment
will act to reduce the buoyancy of the updraft making
the convection less vigorous and thereby less efficient. In
ECHAMBS6 a modified version of the Tiedtke convection-
scheme [ Tiedtke, 1989; Nordeng, 1994] is applied, which
distinguishes between shallow, deep and mid-level con-
vection in its formulation (Figure 2). This scheme uses a
single updraft to effectively represent the real-world
spectrum of convective cloud updrafts of varying sizes
and strengths.

[22] With respect to the radiation balance, the main
effect of shallow convection is to export cloud water
from the boundary layer to the free atmosphere where it
tends to evaporate, thereby reducing the thickness and
extent of the boundary-layer clouds. The strength of this
process is influenced mainly by two model parameters.
The convective mass-flux above the level of non-buoy-
ancy (leftmost column of Figure 3) is representing the
most vigorous fraction of the updraft ensemble that
‘overshoots’ from the level where the mean updraft loses
its buoyancy, to the next model level. The overshooting
parameterization is conceptually unsatisfactory, and in
the future we hope to replace it by a formulation
involving the vertical updraft velocity. Increasing the
parameter leads to less, and thinner boundary-layer

clouds, which increases surface temperature because
more sunlight is absorbed by the system. Increasing
instead the entrainment rate for shallow convection
(second column of Figure 3) has the opposite effect on
the cloud fields and the radiation balance; increased
entrainment dilutes the updrafts, making them weaker
and thereby more cloud liquid water is retained in the
boundary-layer clouds.

2.2.3. Deep Convective Processes

[23] The parameterization of deep convection plays a
more complex role in a climate model than shallow
convection. Deep convective processes control basic
features of the Tropical mean circulation, and are
responsible for most of the Tropical rainfall. They are
central to Tropical variability and help determine the
vertical temperature structure in the Tropics.

[24] In relation to the radiation balance, the lateral
entrainment rate for deep convection acts much like that
for shallow convection, with the important difference
that the low-level cloud-cover increase with increasing
entrainment is to some extent compensated by loss of
high-level ice clouds from the outflow of deep convec-
tion. There is also increasing amounts of water vapor
with increasing entrainment rate, because more water is
mixed into the free troposphere as less water rains
directly out from the weakening updrafts. Associated
with convective cloud water detrainment is a cooling of
the upper troposphere due to evaporation on one hand,
and radiative warming from the formation of cirrus
clouds.

[25] Increasing the conversion rate of cloud water to
rain in convective systems generally leads to less cloud
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