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The context 5 years ago 

ÅIn ARPEGE/ALADIN. PBL parameterization :  Louis (79) with a 
modified Ri for the shallow convection (Geleyn, 87)  Č PBL is too dry 
partly due to an excess of mixing . Used until feb 2009

ÅConvergence for the physical parameterization between   
ARPEGE/ALADIN NWP and ARPEGE-Climat.

ÅAROME project= ALADIN NH + Méso -NH physics with LBC from 
ALADIN -MF now from ARPEGE

ÅThe new physic for the PBL in ARPEGE/ALADIN NWP and in 
ARPEGE-Climat is based on a TKE scheme (Cuxart et al.  2000) and a 
shallow convection scheme (Bechtold et al. 2001) 

ÅAdvantages :  Better consistency between AROME and ARPEGE 
/ALADIN for the PBL and share the problems !

ÅBut more  validations at various  scales (500 km Ą 2.5 km), time -step 
(1800s ð60s), global budget, 1D comparison (Sodankyla, Cabauw etc é), 
1D case GABLS, RICO, etc é 



PBL parametrization (before Feb. 2009) used
in ARPEGE/ALADIN

How to compute the subgrid flux ? ''yw

- with a diffusion scheme: 

-with a mass flux scheme :
(used only for deep convection
in the 90 ôs)
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Louis (79) propose to compute K as follows: 

And to ñsimulateòthe mixing done by the shallow convection, a enhanced 
Ri is used following Geleyn 87 :

But the PBL was too dry partly due to an excess of mixing with an 
underestimation of the stratocumulus and low cloud
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Turbulence and shallow convection

Rencontres R&D RETIC, Toulouse, 5 juin 2009
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TKE Scheme CBR(2000), BL(89), F0,F1 : 
Bougeault (81), 

F2 et l3 Bougeault(82) and Bechtold(95)

ÅShallow convection from 
Pergaud et al 2009 for 

AROME
Åand from Bechtold et al 
(2001) for ARPEGE/ALADIN 
but é

EDMF concept proposed by Siebesma and Teixeira, (2000) and 
Hourdin et al., (2002) and Soares et al., 2004
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PBL Parametrization ARPEGE/ALADIN/AROME 
February 2009

K are computed using a prognostic Turbulent Kinetic Energy (TKE) :

TeClK=

With
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Where l is the mixing length
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Cuxart et al (2000), Bougeault & 
Lacarrere (89), Bougeault(82) and 

Bechtold(95)



Modification of the mixing length with 
the shallow convection in 

ARPEGE/ALADIN
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the deep convection



without thermal prod.. 
from shallow

Impact of the thermal production  from KFB for the TKE
and the modified mixing length. 

Diff of RMS error for wind

With thermal prod. 
from shallow + 
modified L

Zonal mean over the tropical area 
of the Kinetic energy (J/kg) 



LES

TKE + KFB

TKE + PMMC09

Louis + Rimod

1D Validation: BOMEX, EUROCS, GABLS 1-3

EUROCS CUMULUS (ARM): 
Qc(g/Kg) 8h -9h

GABLS1:
WIND SPEED at 9h

LES

TKE 

Louis + Rimod

Original 
TKE(CBR)



3D NWP validation 
GPCI : Gewex Pacific Cross-section Intercomparison

Courtesy Cecile 
Hannay (NCAR)

ARPEGE ðOld Oper ARPEGE ðOper

Less than 10%

ARPEGE ðOld Oper



Oper

New

better estimation of stratocumulus on 
the eastern border of anticyclone

T224C2.4L60
DJF + JJA

3D NWP validation
Total Cloud Cover bias Model - ISCCP



HSS 10mm/day 30h -06h

HSS 10mm/day 78h -54h

3D NWP validation
24h RR

It was necessary to modify the 
deep convection scheme due to 
the new PBL parameterization



AROME : shallow convection scheme PMMC09

Á Eq for the Mass Flux: 

Á Eq for conservative

variables Theta_l,Qt

Á Eq for the vertical velocity 

(updraft) a=1 , b=1

Á Eq for momentum with effect of 

pressure perturbations from 

Greogry et al (97) 
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(J. Pergaud et al 2009)

Á w equation is used to stop the updraft

Á s: the fractional updraft area, deduced from w and MF equation, can vary 

vertically 

Á e,  ddepend on buoyancy and w in the PBL and come from Kain & Fritsch 

for the cloud 
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Unrealistic ôherringbonesõ structures ( 2007-07-30)

AROME

Nebul

V10m

(Y. Seity, S. Malardel)



Old AROME with KFB

Current AROME with PMMC09

Wind at the lowest level 17m  (+15h)

Old ALADIN physics (with Louis) at 2.5km 

Current ALADIN physics with TKE+KFB at 2.5km 

PMMC09  performs a 
mixing in dry boundary 
layers



·Cloud fraction and cloud water content

calculation :
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and

The cloud fraction is the red

area under the PDF curve

beyond the saturation :

(a) No saturated :  CF=0

(b) Partially saturated  : 

0<CF<1

(c) Fully saturated : CF=1

Tests in Meso -NH to improve the cloud scheme   

improve the cloud scheme for BL clouds :
1. Comprehensive Methodology to statistical analysis of PDF obtained with Large 
Eddy Simulation (LES) 
2. Test of different theoretical PDF to fit the best the LES data
3. Parametrization of the best theoretical PDF with turbulent and convective 
parameters ( work in progress, not yet achieved, first results in real cases 
expected by the end of 2010 ). 

E.PERRAUD et al., 2010

Description of the subgrid cloud variability according to a
Probability Density Function (PDF)

With G = PDF

The choice of the PDF is essential



E.PERRAUD et al., 2010

1. Statistical analysis of LES data :
ARM Cu case ACE homogeneous Sc case ACE heterogeneous Sc case

LES distributions of s (saturation deficit) inside the cloud layers

Apparition of a second mode in the cloudy values of s linked to the convective thermals



E.PERRAUD et al., 2010

2. Evaluation of the theoretical distributions 
by comparison to the reference LES distribution:

- Gaussian distribution (Sommeria and Deardorff, 1977; Bougeault, 1981)

- Triangular distribution (Smith, 1990)

- Beta1 and Beta2 distributions (Tompkins, 2002)

Introduction of a double gaussian distributionto improve the 
representation of the second mode

Significant improvements with the double gaussian PDF


