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' Talk's overview

> Current operational situation (KFB)

» Evolution strategy (EDKF, convergence with AROME)
o Presentation of the scheme
o Stability problem in ARPEGE
o Other problems

» Conclusion and prospects

METEO FRANCE

Toujours un temps d’avance




' ARPEGE/ALADIN/AROME/IFS/HARMONTIE

A unified sofware

GLOBAL (variable mesh or not) or LAM (choice made by NAMELIST)

Two dynamical cores (choice made by namelist)

Hydrostatic

Non hydrostatic

A set of physical packages (choice made by NAMELIST)

ALARO
Hirlam || 3MT concept
~4km

ARPEGE

AROME

ALADIN-MF | | MESO-NH
200km=>8km 2.5km

IFS
~15km

3D/4D
Variational Obs
Algorithmig |operators
structure

OI assimilation scheme
Used only for surface
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’ ARPEGE/ALADIN-MF operational configurations

» ARPEGE is a global spectral model with a variable mesh

> T798 C=2.4 (At = 600s) = 10 km over France and around 60 km at
the antipode, few hundred kilometers east New-Zealand

> 70 vertical levels = Close to ECMWEF vertical resolution in the
troposphere

» 4DVAR multi-incremental data assimilation, with two outer loops
T107 C=1 (At = 1800s) and T323 C=1 (At = 1350s) using a 6 hours
window

> ALADIN-MF is an hydrostatic LAM with the same physics it runs
over France, Indien Ocean, West Indies, French Polynesia, New-
Caledonia and some secret parts of the world (army queries !)

> 3DVAR data assimilation

C[‘E]rs » Presently 8km, 70 levels, At = 480s [' METEO FRANCE
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' AROME operational configuration

» AROME is a non-hydrostatic LAM

> Physical parametrizations come from Méso-Nh

»It runs over France (coupling model is ARPEGE)

» 3DVAR data assimilation

» Presently 2.5km, 60 levels (more levels than ARPEGE in the PBL)

> At = 60s
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Toujours un temps d’avance




’peraﬁonnal «NWP>» Boundary layer physics at Météo-

France

All NWP models (AROME, ARPEGE and ALADIN-MF) use « EDMF » concept

wg——k 2, M (0,—9) with

Jz p

and Lo go =

ARPEGE and ALADIN-MF

» Prognostic turbulent kinetic

energy scheme « CBR »
(Cuxart et al 2000)

> Shallow convection mass
flux scheme « KFB » (Bechtold
et al 2001)

—

3

K = CLy 5V TKE

2 Where |, and |, are computed using
dry buoyancy following Bougeault and

Equations
should be
the same

D S

lacarrére (1989)

AROME

» Prognostic turbulent kinetic

energy scheme « CBR »
(Cuxart et al 2000)

» Shallow convection and dry
thermal mass flux scheme
« EDKF » (Pergaud et al 2009)




’ Connection between TKE and Shallow convection

» With KFB, during our first evaluation tests in ARPEGE, we found too
much low level clouds and oo much wind in the PBL in the tropical area

» A thermal production term is then computed by KFB and Bougeault
Lacarrére (1989) mixing lengths are increased in the shallow clouds

0 Rher ::B(EHWI—HII_F EqW‘—qt‘) +'B(W.9'.)KFB

/(\/\/ g 7
— _
1 UPKFB Lo _om = Max(lupusg’ UDKFB)

Current |

dw_cvpp — MaX(l 150+ | dwices)
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’t‘r was found a large beneficial impact on wind in the

tropics (20S = 20N)

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

with (red) and without (black)

the thermal production term
coming from shallow convection
and the modification of the mixing
length inside the cloud.

-1 ] : a

Kinelic Energy
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' The reasons of a test of EDKF in ARPEGE

» No dry thermal in KFB

> No mixing of wind in KFB

» Convergence strategy between NWP models physics
» Global model is a great testbed for parametrizations

» But, global models are very sensitive clockworks

» KFB is numerically stable at large time step = T107 At = 1800s

METEO FRANCE
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' EDKF scheme equations

1 oM, A
Mass flux equation =» — = (8 - 5)
M, 0z M,
. @, = Ty then CF =C;a,
u W—aB ~bew; (a=1 b=1 C, =25
( &y, = Ma{o, Wz} (C. =055)
Entrainment and detrainment
rate in the dry thermal = 3 1
Ogry = Max{ } (C5 =-10)
L,

1/3
Closure > Mu(zgrd)=cMop{0 WHVSLUDJ (., =0.065)
vref
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’ In the cloud = Kain and Fritsch (1990) approach

> It is supposed that the cloud is surrounded by a transition (mixing) region
» Subparcel mass mixture in the transition region is estimated by a
probability density function f(x) where x is the fraction of environmental air
in mixed subparcel (1-x is the fraction of updraft air)

» Entrainment and detrainment rate are then given by :
X 1
Egoua = M, | XF (X)dlx and Gona = M, [ (1= X)f (x)clx
0 X

Where x. is the neutrally buoyant mixture and M, the
total rate at which mass enters in the transition region

— M (— R is the updraft radius and
M, =M(-0035/R] M the mass flux

METEO FRANCE
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Kain and Fritsch (1990) approach in KFB and EDKF

> The two schemes use this approach with an updraft radius R=50m but :

» In KFB f(x) is gaussian while in EDKF f(x) is a flat distribution

» Both cases were discussed in Kain and Fritsch : « It appears that the
general form of the mass flux profile is primarily dictated by the

environmental thermodynamic profile. »

> I tested flat distribution in KFB = impacts are low

UG)+E(x)
35 Figure 2 and 6 from Kain and
52 Fritsch (1990)
g €Gaussian distribution (KFB)
=3
Flat distribution (EDKF) =

0.0 [ 0. 0.6 0 -‘- - 0
FRACTION ENVIRONMENTAL MASS {x)‘I

FiG. 2. Hypothetical distribution of environmental mass, E(x);
updraft mass, U(x); and total mass, E(x) + U(x), in mixed updraft
subparcels as a function of the fraction of environmental air in in-
dividual mixed subparcels. The total mass distribution is based on
the Gaussian distribution function.

U(x)+E(x)

-

MIXED SUBPARCEL
MASS DISTRIBUTIONS

0.5 U'.i U:& ﬁ.h ﬁ:k o
FRACTION ENVIRONMENTAL MASS (x)

FiG. 6. Hypothetical distributions of environmental mass, E(x);
updraft mass, U(x); and total mass, E(x) + U(x), in mixed updraft
subparcels as a function of the fraction of environmental air in in-
dividual mixed subparcels, The total mass distribution is based on a
simple flat distribution function.



y
’irst test in ARPEGE =& 1D ARM shallow cumulus case

Cloud water content (9/kg)

Cloud Water (ARPEGE_EDKF_BOE) fg/kg) Cioud Water (AROME_REF) {g/g)
MUSC ARM Cumulis MUSC ARM Cumulus
BASE Sam 21.06.1887 11:30 UTE + 2.50mn VALID Sam 21,06 1897 11:32 UTC{11:22 LET) BASE Sam 21.06.1887 11:30 UTE + 2.50mn VALID Sam 21.06.1867 112 UTC {11:22 LET)
Min=0
Max = 004453991 71663 Max = 0.0448519002508
Moy = 3000 Moy = 8000
Rem = 9999 Rem = 9999

0.0025-001

z (km)

LEEREE

. zlkm)

18 18 20 F F 2
t(h)

ARPEGE At = 60s

AROME At = 60s

AROME cloud base is higher

» Microphysics ?

Why ? = {
> Turbulence ? METEO FRANCE
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’o understand the problem, the simulation is re-started

for one time step from an AROME simulation

AROME oper At = 60s TKE thermal production

Thermal production of Turbulent Kinetic Energy (PRODTH) {m2s-1)
MUSC ARM Cumulua
ECH :11.5h

Cloud Water (AROME_REF) (g/&kg)
MUSC ARM Cumulus
BASE Sam 21.05.1997 11:30 UTC +2.50mn VALID Sam 21.05.1997 11:32 UTC({11:32 LET)

] Time of restart
|
ARPEGE AROME
/ :i-r;::%.tmaswnma
a T
- 0.0025-0.01 18] ,L .
3 - 0.01 -0.02 ‘___:: f ‘E
E - 0.02 -0.02 % 1
N :I 0.03 -0.05 ::: \ s o AROME SEC
2. |:| 0.05-0.07 ard : :‘ % ggéin;ézjm
l:l 0.07-0.1 0.6 o
l:l 0.41-042 % ] “..
1 l:l 0.12-0.15 3 ¢ ‘l-ln
l:l 0.15-0.2 22 :
o B
- ha-es -0.004 -0.803 -0.002 -0.001 ouu.n' ©.004 0.005 0.006 0.007 0.008 0.008 0.01
0- . . . . Thermal production of tke
12 14 16 26

t{h)

Dry (qv=ql=0) thermal production

Equations should be the same,
so it will be necessary to have a look at this issue METEO FRANCE
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z(km)

z(km)

Cloud Water (ARPEGE_EDKF_BOE) fg/kg)

MUSC ARM Cumulus
BASE Sam 21.06.1887 11:30 UTC + 2.580mn VALID Sam 21.06. 1887 11:32 UTC(11:32 LET)

Eloud Water (ARPEGE_EDKF_1508) (gfg)
MUSC ARM Cumulus
BASE Sam 21.06.1887 11:30 UTE + 2.50mn VALID Sam 21.06.1867 112 UTC {11:22 LET)

- o.0025- - 0.0025-0.01

- 0.01-002 ,..,3- - 0.01-002

- 002-001 EE- - 002-001

E] 0.03-0.06 N E] 0.03-0.06

l:l 0.05-0.07 21 l:l 0.05-0.07

I:] ao7-a1 I:] ao7-a1

l:l 01-0.42 l:l 01-0.42

I:I 0.12-0.16 Y I:I 12-0.15

i 01s-02 i 01s-02

- 02-03 - 02-03

12 1 186 18 20 F2) % 2 ’ 12 1 186 18 20 % 2
t(h) t(h)
At = 60s Sensitivity to time step At = 150s
. In ARPEGE SCM ——

nnnnnn - 0.0025-0.01

2 ,..,3- - 0.01-002

83 EE- - 002-001

06 N E] 0.03-0.06

007 21 l:l 0.05-0.07

a1 I:] ao7-a1

012 l:l 01-0.42

0.15 Y I:I 12-0.15

-0z i 01s-02

03 - 02-03

12 1 186 18 20 F2) % 2 ’ 12 1 186 18 20 F2) % 2
t(h) t(h)

At = 300s
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Stability problem in ARPEGE 3D
ARPEGE T798 C=2.4 (At = 300s) temperature at lower level

ARPEGE + EDKF t=1 ARPEGE O

Fibrillation TEMPERATURE 77MX (K) Fibrillation TEMPERATURE vBr REF (K)
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’ Stabilization technics (Valéry Masson)

For a conservative variable & we need to resolve :
0 0 (— 0o M -
— =—(w¢'
( at jMF az( ¢ )MF aZ (¢up ¢)

The classical way is to use an implicit formulation which leads to a tridiag.
To further stabilize the system at large time step a time spliting technics
is also infroduced.

A small time step is defined : At =na&

Then a loop is iterated : 0@ = &aiM—@ —¢' )(+ 5B, )
Z p
Updraft can be updated ED tendency can be added

Of course implicit formulation is used at each small time step .
But ... it's not enough ... and the model still blow up NCE




’ Statistical formulation

By analogy with the sedimentation flux in a microphysics scheme : F, = pqV,

It is possible to apply the statistical formulation as it was introduced in Geleyn et
al (2009) and described in Bouteloup et al (2011) in the framework of ARPEGE and
AROME. A « mass flux » courant number and two proportions are introduced :

At M . 1
Cyr =——4 P =Min(,C P, =Max 0,1-
MF Az p 1 (:L MF) 2 ax[ CMFj

The flux of a variable & is computed from bottom to top using the
following equation

F¢j = p(W ¢')IJ\/I—|rF1 = Pl %Atz (¢up _é)j + I:)2 F¢j

At /. .
And the tendency is computed by :  Adye = E(FJ -F, 1)
P72 (g = EO FRANCE
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Implicit formulation

Cloud Water (AROME_REF) (g/&kg)
MUSC ARM Cumulus
BASE Sam 21.05.1997 11:30 UTC +2.50mn VALID Sam 21.05.1997 11:32 UTC({11:32 LET)

Statistical formulation

Cloud Water (AROME_NEW) (g/ka)
MUSC ARM Cumulus
BASE Sam 21.05.1997 11:30 UTC +2.50mn VALID Sam 21.05.1997 11:32 UTC({11:32 LET)

Impact of new formulation in AROME 1D

R EEEEEE

a4 a4
3 3
w— w—
E E
o o
2=, 2=,
N N
24 24
1 1
0 0
12 1 16 18 20 -] 21 12

t{h)

1

16

18

t{h)

n=0

Max =0.036588382782
Moy = 8898

Acm = 9999

0.0025-0.01

0.01 -0.02

0.05-0.07

0.07-0.1

0.1-0.12

0.12-0.15

0.16-0.2
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Impact of new formulation in AROME 3D

27 hours forecast, low level cloudiness

SURFMEBUL.BASSESS 02201101 13HooP27 SURFNEBUL.BASSESS0s8_ 201101 13HooP27
AROME AROME

min=0 max=1 moy=0.531230755 ect=0990 min=0 max=1 moy=0.54951 4662776 ect=9209

, lllllllllllllllllllll ::“'“ | o
L " gy O L an
: bl ! I L I B o : b

I RSO W W P W W I I I F |IE I'E " /S iE FE " #E 1S RS ||‘ HE IFE H'E IFE NSRS W W P9 % % W "W I P |IE I'E P /S fE FE 78 #E E RE II'E BI'E FE H'E 1P

Implicit formulation Statistical formulation
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Zonal mean impact of EDKF in ARPEGE (At = 600s)

Water vapor zonal mean tendency g/kg/day

Too much water vapor around 850hpa -

pressure (hPa)
§ &

= too much cloud = impact on temperature

-1000 |

20 ] 20
latitude (deg)

HASE IU11-071-08 WO DU - ECHZE R

Temperature zonal mean tendency Cloudiness zonal mean tendency

o o
=100 =100
Min =-0.0171003505450
Mt = 0 5068550513
=200 - 200 Moy= OSESTME-O
Rom=  DA170452E-01
-300 _300-
. o0z-018
— _— I o8-8
£ g N 06014
£ = I 0.1s-042
2 500 500 I o1z-a0
5 3 N 0.1--008
[ 908--0.08
E-ﬂn- E-ﬂn B 0.06--0.04
o o [0 aps-gn2
0 op2.002
-700 -700 [ o02-004
[ ope-pos
[ ogs-oos
-800 | -800 | [ o08-0.1
B o1-012
I o.12-044
-800- =800+ N o1e-048
I oi5-pa8
B o002
1000 1000

20 [] 20
latitude {deg)



' Global mean impact of EDKF in ARPEGE

Water vapor global mean tendency due to ED and shallow MF

Red = No shallow convection
ey Black =» KFB (operational model)
Blue = EDKF

EDKF is too active in the boundary layer
and it does not rise high enough

(hPa)
SEREEE R R REE

ressure

d 3
o o

SR ESBABEES

e METEO FRANCE
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Come back in SCM model : ARM cumulus, EDKF
against LES (Pergaud et al 2009)

Mass flux is too low in the cloud @

w ".-e,,

S 1s00

Mass flux is too strong in the dry part «!

500

Updraft fraction is too low, may be
because vertical speed is too high

ight (M)
o
3

!

Entrainment is O at cloud base

0.005
Detrainment rate (m™")

. . N '.9 :A fe: M?\ssﬂux(a).updraft fraction (b), entrai ¢ (¢)and detrai 5 (d) profiles after 8h
Detrainment is too strong at cloud base & o

1D results and circles are LES values obtained by conditional sampling.
shed lines represent the cloud base and top

0.01
Entrai rate (m")

Figure 9 of Pergaud et al (2009)

Behaviour consistent with ARPEGE simulations
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‘etum to EDKF equations = first minor modifications

ow,
Updraft vertical speed equation @ W,—=aB, - bé‘Wj

0z
B ow
But,when B, >0, &, =C, W =W, Y =(a-hC,)B,
f Z

There is no dependence to vertical speed = too high speed.
A new term is added to this equation :

w, 2% _ (a-bC,)B with &, =0.005
u az £ u
f

C.:(0.55=0.4)

Then some coefficients are adjusted = < C,:(-10=-6)

_a: 1=1.2)
But no change of entrainment and
detrainment in the cloud ... (hext step ?) METEO FRANCE
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First results with these modifications

Clousd Waise (ARPEGE_EDKE 1505 _NEWT) (pfia)
MUST ARM Cumulus
BASE Eam 21 06,1007 11:30 UTE » 2. 60mn VALID Sam 21 06, 1687 11:22 UTC (1122 LET)

- nnnnnn
- 0o1 -002
£ ] oo-om
~ I:I 0.5 006
I:I 0Bs - 08T
7 —a— W_TUNIN I:I e
1.2 - & :I -
) 1 :I o2
o I:I Bas
i . o
oz 12 14 18 18 ‘) 20 = 24 F
oos o0 oas os

o8 o2 03 03 o3
mass flux (kg/m2/s}

Reduction (improvement ?) of the mass flux ... ... but degradation of the cloud ...

BASE 2011-01-04 0200 ECH 34 H

EDKF new  EDKEF ref

.. and improvement in ARPEGE 3D =

i

—/

el

R R
Tendency (g/kg/day)

KFB

:zsalmf?’i”ﬂ"'a"hsanasea
%

EE)




’ Conclusion and prospects

» EDKF can run in ARPEGE with operational time step

> EDKF seems to work well in AROME but in ARPEGE
current settings are not appropriate

» Simple adjustments give better results
» Attention shoul be paid to the ftransition zone
between dry and cloudy part of the scheme

(entrainment and detrainment formulation)

> Work must be done to understand the differences
between the two prognostic TKE schemes

METEO FRANCE
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Thank you

for your attention !
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