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200 km

20 km ?20 km

Dynamical core : primitive equations discretized on the sphere

 Mass conservation
D/Dt +  divU  =  0

 Potential temperature conservation
      Dq / Dt  =  Q / Cp  (p0/p)k
 Momentum conservation

DU/Dt + (1/) gradp - g + 2 U =  F
 Secondary components conservation

Dq/Dt   = Sq

1. General Circulation Models1. General Circulation Models
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Parameterizations purpose : account for the effect of processes non resolved by the dynamical core
        → Traditional « source » terms in the equations

• Q : Heating by radiative exchanges, thermal conduction (neglected), condensation, sublimation, 
subgrid-scale motions (turbulence, clouds, convection)

• F : Molecular viscosity (neglected), subgrid-scale motions (turbulence, clouds, convection)

• Sq : condensation/sublimation (q= water vapor or condensed), chemical reactions, photo-
dissociation (ozone, chemical species), micro physics and scavenging (pollution aerosols, 
dust, ...), subgrid-scale motions (turbulence, clouds, convection)

Dynamical core : primitive equations discretized on the sphere

 Mass conservation
D/Dt +  divU  =  0

 Potential temperature conservation
      Dq / Dt  =  Q / Cp  (p0/p)k
 Momentum conservation

DU/Dt + (1/) gradp - g + 2 U =  F
 Secondary components conservation

Dq/Dt   = Sq

1. General Circulation Models1. General Circulation Models



Tendencies

From model outputs
temp(t+dtphys)-temp(t)=dtdyn+dtphy
ovap(t+dtphys)-ovap(t)=dqdyn+dqphy
vit[u/v](t+dtphys)-vit[u/v](t)=dudyn+duphy

Physics time-step :
dtphys=daysec*iphysic/(day_step) ,   day_sec=86400



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

Temperature tendencies



Specific humidity tendencies



Subroutine structure



Subroutine structure

Effect of subrid-scale transport
Coupling with surface
Clouds and radiation

Today

Tomorrow



Radiation 

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

New variables :
S[L]Wdn[up]TOA[SFC][clr] :
Short[Long]Wave
Downward[upward] radiative flux at
Top-Of-Atmosphere[Surface][clear-sky]

Cloud radiative effect (CRE) :
Old names : VAR - VAR0
New names : VAR - VARclr



In physiq.def (deepL translation)

##############################################################
#
# Radiation
##############################################################
#
          # activation of the new RRTM radiation code
          # 0: Old code and 1: RRTM (D=0)
iflag_rrtm=1

          # Number of strips for SW. Set 2 if if iflag_rrtm=0
NSW=6

In config.def

#Radiative transfer code
#**************************
# added this flag to activate/deactivate the radiation (MPL)
# 0: no radiation. 1: radiation is activated (D=1).
iflag_radia=1
## Number of calls of radiation routines ( per day)
nbapp_rad=24



Today : Parameterization of subrid-scale motions

● Reynolds decomposition
● Turbulence
● Boundary layer convection
● Deep convection
● Subgrid-scale orography



Today : Parameterization of subrid-scale motions

● Reynolds decomposition
● Turbulence
● Boundary layer convection
● Deep convection
● Subgrid-scale orography

Based on the Reynolds decomposition between 
● large-scale/resolved/explicit variables (dynamical core)
● subgrid-scale/unresolved/turbulent fluctuations (parameterizations)



Today : Parameterization of subrid-scale motions

● Reynolds decomposition
● Turbulence
● Boundary layer convection
● Deep convection
● Subgrid-scale orography

Based on the Reynolds decomposition between 
● large-scale/resolved/explicit variables (dynamical core)
● subgrid-scale/unresolved/turbulent fluctuations (parameterizations)

Dq/Dt   = Sq



I. Turbulent diffusion or eddy diffusion

Turbulent diffusion : Mellor et Yamada



In 

In LMDZ : Mellor and Yamada (Yamada 1983 version, see also Vignon et al. publications)

Turbulent diffusion : Mellor et Yamada



At surface
  imposed or

Where cs and c1 are values of c at the surface and in the first model layer respectively

Turbulent diffusion : coupling with surface



####################################################################
# Turbulent boundary layer
####################################################################

          # New version of Mellor and Yamada
new_yamada4=y

          # Choice of numerical scheme for new_yamada4=y
          # 1 MAR diagram. Good for stable CL but destroys the stratocus.
          # 5 MAR schema modified. Precaunise.
yamada4_num=5

          # Stable boundary layer control flag
iflag_corr_sta=4

          # min on the surface stability functions
f_ri_cd_min=0.01

          # max of Ric for Kz. Larger decoupling for larger Ric.
yamada4_ric=0.18

          # minimum mixing length for Kz
lmixmin=0

          #shema of the surface layer (D:1, 1:LMD, 8:Mellor-Yamada) 
iflag_pbl=12

          # Thresholds for turbulent diffusion
ksta_ter=1e-07
ksta=1e-10

          #ok_kzmin : Kzmin calculation in the surface CL (D: y)
ok_kzmin=n

In physiq.def (deepL translation)



W / m2

cd /LMDZ20211102.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

Turbulent diffusion : practice



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



LeMone and Pennell, MWR, 1976 

X

Z 

Boundary layer convection : the « thermal plume model »

Organised turbulence/convection

● When the boundary layer is unstable 
(upward > 0 sensible heat flux)

● Still in the « boundary layer »
● Above the « surface layer »
● Often dominates vertical transport in 

the « mixed layer »
● Often asscociated with cumulus
● Represented in explicit simulations 

(LES). Here at 8m resolution



Boundary layer convection : the « thermal plume model »

Combinaison of turbulent diffusion with a « mass flux scheme » representing a 
mean thermal plume or cell or roll



Boundary layer convection : the « thermal plume model »



##########################################################
# Convective boundary layer / thermal model
##########################################################

          # Dry convection (D:0, 0:dry adjustment,=>1:thermal model) 
iflag_thermals=18

          # no splitting time for thermals
          # TURNS BUT POSES MORE PROBLEMS THAN IT SOLVES
nsplit_thermals=1

          # tau_thermals to have a time constant on the thermals.
          # invalid
tau_thermals=0

          # Flag controlling training and practice
iflag_thermals_ed=8

          # We will look for the air at z * ( 1+fact_thermals_ed_dz) to 
compute
          # training (A. Jam)
fact_thermals_ed_dz=0.07

In physiq.def (deepL 
translation)



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

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

Boundary layer convection : 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

Boundary layer convection : practice



Deep convection : Emanuel scheme

SATURATED UNSATURATED

Mixing



Deep convection : practice

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



Large scale condensation & evaporation : practice

TWPICE case

plul*86400

mm/day

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



######################################################################
# Convection 
######################################################################
          #Convection scheme switch
          # (D:2, 1:LMD, 2:Tiedtke, 3:KE New Physics, 30:KE AR4)
iflag_con=3

          #output level of energy conservation diagnostics
if_ebil=0

          #maximum efficiency of cld water->precipitation conversion (D: 0.993)
epmax=0.999

          #Convective entrainment mixing law (D:1, 0:AR4=flat PDF, 1=PDF)
iflag_mix=1

          #weights of the bell shaped and flat PDF (used only if iflag_mix=1) (D: 1 0)
qqa1=1
qqa2=0

          #reference fractional area of precipitating downdraughts,
          # def = original: 0.01
sigdz=0.003

          #flag for wb (= vert velocity at LFC);
          # 0->wb=wbmax, 1->wb=f(plfc) bounded, 2->wb=f(plfc) linear, D=1
          # Si iflag_wb>=10 : wbeff_min=iflag_wb*0.1
          # wbmax : assymptotic value 
flag_wb=50
wbmax=2.8

In physiq.def 



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



Created by reevaporation of convective rainfall Trigger new convecttive cells by lfiting air

Density currents / cold pools / wakes



Prognostic variables 
 expressed like this :

Delta A = Aw - Ax

Density currents / cold pools / wakes



Density currents : practice

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

wk for « wakes »



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)

wk for « wakes »



Density currents : practice

TWPICE case

wake_hm

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

wk for « wakes »



Triggering (is convection active?) and closure (with which intensity?) are 
based on sub cloud processes in LMDZ
It uses estimations of subgrid scale vertical velocity provided by the 
Thermal plume model and the cold pool scheme
(Catherine Rio’’s PhD)

Cold pools,Wakes
Density current

Gust
 front

Air lifting
Precipitating
downdrafts

W'wk
W'th

z

v

CIN

Mb

W'thW'wk

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

Available lifting energy
ALE (J/kg) scaling with w'2.

Available lifting power
ALP (W/m²) scaling with w'3.

Closure : MB=f(ALPth+ALPwk)

Schematic view of
Emanuel (1993) scheme
Deep convection

What drives deep convection : triggering and closure



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)



##########################################################
# Flags wakes
##########################################################

          #Wake scheme switch (D:0, 0:AR4, 1:New Physics)
iflag_wake=1

          #multiplicative factor of the damping by gravity waves, def: 4.
coefgw=4

          #wake density = number of wake centers per m2, def: 8.E-12
          #wdens_ref=8.E-12
wdens_ref_o=1e-09
wdens_ref_l=8e-12

          # Ajustement convectif prealable au calcul des poches
ok_adjwk=y

          # Prevent some crashes
          # Filter out bad wakes
flag_wk_check_trgl=n
iflag_wk_check_trgl=2
iflag_alp_wk_cond=1

In physiq.def (deepL 
translation)



Energy budgets

Try to do it !



PARTIE RAYONNEMENT  NUAGES→ JB



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



###############################################################
# Cloud parameters
###############################################################

          #precipitation thresholds for stratum clouds (D: 2.6e-4 2.6e-4)
cld_lc_lsc=0.00065
cld_lc_con=0.00065

          #time constant to remove water lsc and convective water
          # (D: 3600. 3600.)
cld_tau_lsc=900
cld_tau_con=900

          #corrective factors on the speed of ice crystals falling (D: 1 1)
ffallv_lsc=0.8
ffallv_con=0.8

          # coefficient on the evaporation of rain (D: 2.e-5 n)
          # rule a 3.e-5 on cases of cumulus in 1D
coef_eva=0.0001

          # flag for rain evaporation
          # 0: nothing
          # 1: old-fashioned
          # 2: takes into account the maximum cloud surface above to calculate
          # the maximum reevaporation, as a deviation from saturation. TIP
iflag_evap_prec=2

          # Modification of the temperature range for the mixed phase
          # cloud liquid/ice
          # Controlled by t_glace_min/max, exponent_ice,
          # iflag_t_glace (D=0)
t_glace_min=243.15
t_glace_max=273.15

In physiq.def (deepL 
translation)



Large scale condensation & evaporation : practice

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



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)



PARTIE PBL numérique → Frédérique



Turbulent diffusion

Shear Bouyancy

Downgradient flux
r

r
1
-

In LMDZ : TKE computed with Mellor and Yamada scheme



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



ELIMINE



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

Boundary layer convection : practice



Parameterization = source terms


