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Parameterization = source terms



Tendencies



Orographic  waves

→ Marine  
Bonazzola

Output names

→ Not the same  
as their name in  
the source code ! 
 physiq_mod.f90

Temperature tendencies



Specific humidity tendencies



Subroutine structure



Subroutine structure



W / m2

cd /LMDZ20181204.trunk/modipsl/modeles/LMDZ/BENCH32x32x39  ferret
 use histhf.nc
 shade/l=48 sens
 go land 1

Sensible heat flux at 12h GMT on January 2nd

Practice



Turbulent diffusion

Shear Bouyancy

Downgradient flux



Turbulent diffusion

H = CpT+gz = Dry static energy , here conserved

Water (left) and energy (right) conservation  Diffusion 

(dowgradient flux)

Surface fluxes

Turbulent diffusion is the only one  
parameterization which « see » the  surface

First atmospheric layer



Turbulent diffusion



Turbulent diffusion : practice

1D case study 
 TWP-ICE

→ My plots in  
the following

ferret
 use histhf.ns
 shade/l=48 dtvdf[k=@max]*86400
 go land 1

Then choose a relevant location like for  
example :
x=20/y=-10



Turbulent diffusion : practice

dtvdf*86400 dqvdf*86400*1000

g/(kg.day)K/day

ferret
 use histhf.nc
plot/l=48/thick=3/x=…/y=…/k=10:39  
dtvdf*86400
plot/l=48/thick=3/x=…/y=.../k=10:39  
dqvdf*86400*1000

TWPICE case



Turbulent diffusion : practice

ferret
 use histhf.nc
 plot/thick=3/x=…/y=… -1*flat
 plot/thick=3/x=…/y=… -1*sens

TWPICE case

-1*flat
W/m2



LeMone and Pennell, MWR, 1976 

X

Z
 



Thermals



Thermals



Thermals : practice

kg/(m2.s)

- f0_th : Thermal closure mass flux 
 (kg/m².s)

TWPICE case

f0_th

ferret
 use histhf.nc
 plot/thick=3/x=…/y=… f0_th



Thermals : practice

ferret
 use histhf.ns
 shade/l=48 dtthe[k=@max]*86400
 go land 1

- f0_th : Thermal closure mass flux 
 (kg/m².s)



Thermals : practice

ferret
 use histhf.nc
plot/l=48/thick=3/x=…/y=…/k=10:39  
dtthe*86400
plot/l=48/thick=3/x=…/y=.../k=10:39  
dqthe*86400*1000

dtthe*86400 dqthe*86400*1000

K/day g/(kg.day)

- f0_th : Thermal closure mass flux 
 (kg/m².s)

TWPICE case



200 km

20 km

Représentation des nuages Modèle « tout ou rien » :

Si q> q
sat 

 maille nuageuse, sinon ciel clair. 

 q < q
sat

 q > q
sat

200 km

20 km
 q < q

sat

Modèle « statistique » :
On suppose une distribution statistique de 
q' dans la maille autour de q

q : concentration en vapeur d'eau

q
sat

 : concentration maximum à saturation

Si  q > q
sat

 :  

→ la vapeur d'eau condense = nuage

On connait q et q
sat 

à l'échelle de la maille

→ Fraction de la maille couverte de nuages ?

Paramétrisation simple : gaussienne s / q = 20%

Intervient dans Q
  → condensation
  → prise en compte des nuages dans le code radiatifs

2. Couche limite convective

Large scale condensation & evaporation



Nouvelle paramétrisation de nuages couplée aux thermiques :
Utilisation d'une PDF bi-gaussienne pour la distribution d'eau totale sous nuageuse
Une gaussienne pour les panaches thermiques et une pour l'environnement
Comparaison des distributions prédites par ce schéma avec les distributions des LES

Jam et al., 2012

2. Couche limite convective

Large scale condensation & evaporation



Large scale condensation & evaporation : practice

ferret
 use histhf.ns
 shade/l=48 dtlsc[k=@max]*86400
 go land 1



Deep convection : Emanuel scheme

SATURATED UNSATURATED

Mixing



Deep convection : practice

ferret
 use histhf.ns
 shade/l=48 dtcon[k=@max]*86400
 go land 1



Deep convection : practice

K/day g/(kg.day)

dtcon*86400 dqcon*86400*1000

ferret
 use histhf.nc
plot/l=48/thick=3/x=…/y=…/k=10:39  
dtcon*86400
plot/l=48/thick=3/x=…/y=.../k=10:39  
dqcon*86400*1000

TWPICE case



Deep convection : practice

mm/day

ferret
 use histhf.nc
 plot/thick=3/x=…/y=… pluc*86400

TWPICE case

pluc*86400



What drives deep convection : triggering and closure

Triggering

ALE = Available Lifting Energy  ALE = 

0.5 Wmax,PBL
2

Triggering criteria if ALE > |CIN| then  
Emanuel scheme is activated

Closure

ALP = Available Lifting Power  ALP 

= 0.5 s WPBL
3

Cloud base mass flux Mb = f (ALP)



What drives deep convection : triggering and closure

The deep convection scheme 
 is then coupled to 2 PBL  
processes :

1. Thermals

2.Density currents (or  
wakes or cold pools)



Density currents

Prognostic variables  
expressed like this :

Delta A = Aw - Ax



Density currents : practice

ferret
 use histhf.ns
 shade/l=48 dtwak[k=@max]*86400
 go land 1



Density currents : practice

ferret
 use histhf.nc
plot/l=48/thick=3/x=…/y=…/k=10:39  
dtwak*86400
plot/l=48/thick=3/x=…/y=.../k=10:39  
dqwak*86400*1000

TWPICE case

dtwak*86400 dqwak*86400*1000

K/day g/(kg.day)



Density currents : practice

TWPICE case

wake_hm

ferret
 use histhf.nc
 plot/thick=3/x=…/y=… wake_h



Large scale condensation & evaporation : practice

(dtlsc+dteva)* 
 86400

(dqlsc+dqeva)
*86400*1000

ferret
 use histhf.nc
plot/l=48/thick=3/x=…/y=…/k=10:39  
(dtlsc+dteva)*86400
plot/l=48/thick=3/x=…/y=.../k=10:39  
(dqlsc+dqeva)*86400*1000

TWPICE case

K/day g/(kg.day)



Large scale condensation & evaporation : practice

TWPICE case

plul*86400

mm/day

ferret
 use histhf.nc
 plot/l=48/thick=3/x=…/y=… plul*86400



Radiation : practice over the tropical belt

TWPICE case

dtswr*86400 dtlwr*86400

K/dayK/day

ferret
 use histhf.nc
plot/thick=3/k=10:39 (dtswr[x=@ave,y=-  
30:30@ave,l=@ave])*86400
 plot/thick=3/k=10:39 (dtswr[x=@ave,y=-
30:30@ave,l=@ave])*86400



Radiative-Convective Equilibrium over the tropical belt

K/day

T Tendencies

RAD

RADSW  

RADLW

CONV



Radiative-Convective Equilibrium over the tropical belt

K/day

T Tendencies

RAD

SW  

LW

VDF+THE+CON+WAK+LSC+EVA

VDF



Radiative-Convective Equilibrium over the tropical belt

K/day

RAD

SW  

LW

VDF+THE+CON+WAK+LSC+EVA

VDF THE

T Tendencies



Radiative-Convective Equilibrium over the tropical belt

K/day

RAD

SW  

LW

VDF+THE+CON+WAK+LSC+EVA

VDF THE
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CON



Radiative-Convective Equilibrium over the tropical belt

K/day

RAD

SW  

LW

VDF+THE+CON+WAK+LSC+EVA

VDF THE

T Tendencies

CON

WAK



Radiative-Convective Equilibrium over the tropical belt

K/day

RAD

SW  

LW

VDF+THE+CON+WAK+LSC+EVA

VDF THE

T Tendencies

CON

LSC+ 
 EVA

WAK

X



Energy budgets

Try to do it !
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