A diagnostic to evaluate the Representation of
Turbulence in Atmospheric Models at the
kilometric scales.

Rachel Honnert, Valéry Masson and Fleur Couvreux

31 August 2010

METEO FRANCE

Toujours un temps d'avance




How to get a reference? Turbulence Partion Defaults of the current models
' Modeling of the turbulence
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How to get a reference? Turbulence Partion Defaults of the current models
' Modeling of the turbulence

Free convection Neutral BL

The aim of the
modeler is to put
these structures
into "boxes".
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How to get a reference? Turbulence Partion Defaults of the current models

' Current models : LES model

LES

10m

Gray-Zone of Turbulence | R H

100 m

LES models :

Research models
Dedicated to turbulence
studies

Turbulence is mainly
resolved (very ne
meshes)

METEO FRANCE

Toujours un temps d’avance



How to get a reference? Turbulence Partion Defaults of the current models

' Current models with 1D turbulence scheme

Atmospheric models :

Current operational
forecasting, climate and
meso-scale models.

Assumption of horizontal
homogeneity :
Unidirectional (1D)
movements.

Turbulence is wholly 1D
subgrid (meshes larger
than 2 km).

2km  10km 20 km
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' What happens at intermediate scales ?



' How to get a reference? Turbulence Partion Defaults of the current models

How the turbulence should be represented in atmospheric
models in the "Gray-Zone of turbulence” ?
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Issue

How the turbulence should be represented in atmospheric
models in the "Gray-Zone of turbulence” ?

Goal

To determine the true resolved and subgrid parts of the
turbulence in the "Gray-Zone of turbulence" : a reference
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' How to get a reference? Turbulence Partion Defaults of the current models

Issue

How the turbulence should be represented in atmospheric
models in the "Gray-Zone of turbulence” ?

Goal

To determine the true resolved and subgrid parts of the
turbulence in the "Gray-Zone of turbulence" : a reference

4

To considere LES as the truth. l
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' LES : the "truth"

Méso-NH model
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’ LES : the "truth"

Méso-NH model

Turbulence scheme : 1.5 order prognostic turbulence scheme developed
by Cuxart et al. (2000).

Runs : Idealized at continental diurnal cases of free
convective boundary layers on a 16 km long domain
with a 62.5 m resolution.

Simulations : Initialized by observed vertical pro les. The large
scale environment is prescribed by surface uxes,
geostrophic wind and subsidence.

Fields campaign of free convective boundary layers :

IHOP : 14 June 2002 AMMA : 5 June 2006 Wangara : 16 July 1969
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How to get a reference ?

Average values of Average values of
LES DOMAIN : the LES domain the LES domain
62.5 m resolution on 4 meshes : on 16 meshes :
125 m resolution 250 m resolution
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' Horizontal cross-section in the middle of the BL



' Calculation of the resolved and subgrid TKE

Resolved TKE at a resolution X :

Ees( X)=< 1 (U <u>)’+(V* <v>)P+(W* <w>)?)>



' Calculation of the resolved and subgrid TKE

Resolved TKE at a resolution X :
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' Calculation of the resolved and subgrid TKE

Resolved TKE at a resolution X :

Ees( X)=< 1 (U <u>)’+(V* <v>)P+(W* <w>)?)>

Subgrid TKE at a resolution  x :
esbg( X) = er95(625m) + esbg(625m) eres( X)
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' Genric laws for the free CBL

Generic : For any free CBL.
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How to get a reference? Turbulence Partion Defaults of the current models
' Genric laws for the free CBL

Generic : For any free CBL.
For any resolution in the Gray-Zone of turbulence.
Useful : Not LES data.

Theorem of Similarity

Provides the relationship between dimensionless variables in
one kind of boundary layer : one function.
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' Similarity functions for the TKE in free CBL

Similarity function for the total parameter :

€total _ z
w 2 - Fetotal(ﬁ)

(Lenshow(1980), Sorbjan(1991))
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' Similarity functions for the TKE in free CBL

Similarity function for the total parameter :

€total _ z
w 2 - Fetotal(ﬁ)

(Lenshow(1980), Sorbjan(1991))
Dimensional analysis :

W 2 = T Egpg ( ﬁ ' W) Fetotal ( ﬁ) Pesbg (W)

What is needed : Partial similarity function

esbg _ X
- €sbg ( W)

€total



’ Partial Similarity functions : TKE in the mixed layer

The data follow the
same function.

For the ne meshes
(near the LES), the
subgrid part is smaller
than the resolved one.

When the mesh
becomes coarser, the
subgrid part grows up.
For coarser meshes, the
parameter becomes
entirely subgrid as the
resolved part is null.
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How to get a reference? Turbulence Partion Defaults of the current models
' Simulations at different resolutions

The atmospheric model tested is Méso-NH.

I Various con gurations : mesoscale meteorological model,
cloud resolving model (CRM) or LES.
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How to get a reference? Turbulence Partion Defaults of the current models
' Simulations at different resolutions

The atmospheric model tested is Méso-NH.

I Various con gurations : mesoscale meteorological model,
cloud resolving model (CRM) or LES.

I A mass- ux scheme can be activated. It is used to
simulate BL thermals (Pergaud et al. (2009))
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How to get a reference? Turbulence Partion Defaults of the current models
' Simulations at different resolutions

Simulations are performed at different resolutions : 125 m, 250
m, 500 m, 1000 m, 2000 m, 4000 m et 8000 m.
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' Simulations at different resolutions

Simulations are performed at different resolutions : 125 m, 250
m, 500 m, 1000 m, 2000 m, 4000 m et 8000 m.
I Mixing length
I BL89 : Size of the coarsest eddies present at each altitude
(Bougeault and Lacarrére (1989)).
I DEAR : Size of the mesh in a convective case (Deardorff
(1972)).

METEO FRANCE

Gray-Zone of Turbulence | R H 19 Toujours un temps d’avance



How to get a reference? Turbulence Partion Defaults of the current models
' Simulations at different resolutions

Simulations are performed at different resolutions : 125 m, 250
m, 500 m, 1000 m, 2000 m, 4000 m et 8000 m.
I Mixing length
I BL89 : Size of the coarsest eddies present at each altitude
(Bougeault and Lacarrére (1989)).
I DEAR : Size of the mesh in a convective case (Deardorff
(1972)).
I The dimensionality of the scheme

I 1D turbulence scheme
I 3D turbulence scheme

METEO FRANCE

Gray-Zone of Turbulence | R H 19 Toujours un temps d’avance



Defaults of the current models
' Simulations at different resolutions

Simulations are performed at different resolutions : 125 m, 250
m, 500 m, 1000 m, 2000 m, 4000 m et 8000 m.
I Mixing length
I BL89 : Size of the coarsest eddies present at each altitude
(Bougeault and Lacarrére (1989)).
I DEAR : Size of the mesh in a convective case (Deardorff
(1972)).
I The dimensionality of the scheme
I 1D turbulence scheme
I 3D turbulence scheme
[ activation or deactivation of the
mass- ux scheme : PMMCO09 (Pergaud et al. (2008))
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Defaults of the partitions : DEAR-3D



Defaults of the partitions : BL89-1D-PMMCO09



' Defaults of the partitions

Simulations without PMMC09 Simulations with PMMCO09

The "Gray-Zone" of turbulence is ill-represented
whatever the con guration.




Defaults of the partitions : effect of PMMCO09

I Mass- ux scheme has
the most signi cant
effect.

I With mass- ux scheme,
the resolved part is too
small.

I Without a mass- ux

scheme, the resolved
part is too large.



Defaults of the partitions : effect of PMMCO09

I Mass- ux scheme has
the most signi cant
effect.

I With mass- ux scheme,
the resolved part is too
small.

I Without a mass- ux
scheme, the resolved
part is too large.



How to get a reference? Turbulence Partion Defaults of the current models
' Horizontal cross-sections : IHOP, 1000 m resolution

Z=50 Z=500 Z=1000 Z=1200

Reference
Without the
mass- ux scheme
I Resolved
BL89-1D movements too
important.
I Too large
Z=50 Z=500 Z=1000 Z=1200 structures.
BL89-
1D-
PMMCO09
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How to get a reference? Turbulence Partion Defaults of the current models
' Horizontal cross-sections : IHOP, 1000 m resolution

Z=50 Z=500 Z=1000 Z=1200

Reference

7=50 With the mass- ux
BL89-1D scheme

I De cit of
variability.

Z=50 Z=500 Z=1000
BL89-
1D-
PMMCO09
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How to get a reference? Turbulence Partion Defaults of the current models
' Physical explanation : Without mass- ux scheme

BL89-1D :

Gray-Zone of Turbulence | R H

25

— Reference (LES)
— 8000 m :Simulation BL89-1D
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How to get a reference? Turbulence Partion Defaults of the current models
' Physical explanation : Without mass- ux scheme

I 8000 m resolution : pro le too instable.
| K-gradient scheme : w0 0= K(%)
I Mesh is too large to produce movements.
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How to get a reference? Turbulence Partion Defaults of the current models

Physical explanation : Without mass- ux scheme

— Reference (LES)
BL89-1D : — 8000 m : Simulation BL89-1D
— 1000 m : Simulation BL89-1D

I 1 km very different from
8 km.

I Mesh is small enough

I Resolved eddies produced
by buoyancy.

I More realistic pro le.

I But too large structures.

The good pro le for the wrong reason!
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How to get a reference? Turbulence Partion Defaults of the current models
' Physical explanation : With mass- ux scheme

BL89-1D-PMMCO9 :

Gray-Zone of Turbulence | R H

26

— Reference (LES)
— 8000 m : Simulation
BL89-1D-PMMCO09
— 1000 m : Simulation
BL89-1D-PMMCO09

I There is no difference
between the pro le at 1 km
resolution and at 8 km
resolution.

I They are too stable.
I No resolved eddy.
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' Conclusion and Perspectives

Conclusions

I A new diagnostic to determine the reference resolved and
subgrig parts of the turbulence in the case of free
convective boundary layers,

I Quanti cation of the defaults of current models in the
"Gray-Zone" of turbulence.

The "Gray-Zone" of turbulence is ill-represented whatever the
con guration of the turbulence scheme.




' Conclusion and Perspectives

I Calculate the partial similarity functions in other kinds of
boundary layers

TRAC CAPE CASE BOMEX ARM FIRE

I Produce a new parameterization for the "Gray-Zone" of
turbulence : The mass- ux can be improved by taking the
mesh size into account.

A diagnostic to evaluate the Representation of Turbulence in
Atmospheric Models at the Kilometric Scale, R. Honnert, Masson V.
and Couvreux F. JAS, submitted.
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Thank you for your attention. |

A diagnostic to evaluate the Representation of Turbulence in
Atmospheric Models at the Kilometric Scale, R. Honnert, Masson V.
and Couvreux F. JAS, submitted.
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Partial Similarity Functions of the Heat ux

0.2<Z/H<0.55
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' Other laws in free CBL Details on the campaigns Foreseen Cases Forced CBL de nition production dyne

Campagne de mesure

Ce cas a été choisi en raison de la topographie relativement
homogéne du site et parce qu'il représentait le développement
typique de la couche limite convective continentale.

| A

14 juillet 2002

Ce jour, un systéme de haute pression est présent sur tout le
site de mesure. Le champ de température est relativement
homogeéne et le vent faible, inférieur a5 m:s 1. Le ux moyen
est de Nord dans les basses couches le matin, le ux d'altitud e
est plutdt de Nord-Ouest. Le cisaillement de vent vertical est
assez faible. La couche limite est bien mélangée et atteint 1,5
km en début d'aprés-midi. Les mesures lidar de 7h30 et 13h
indiquent I'existence de petites cellules convectives non
nuageuses le matin.
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Other laws in free CBL Details on the campaigns Foreseen Cases Forced CBL de nition production dyne
Wangara

16 juillet 1967

Cette journée présente un ciel clair, une advection de chaleur et
d'humidité trés faible, sans activité frontale dans un périmétre
de 1000 km. Le développement de la couche limite de cette
journée de campagne a été observé entre 0 et 9 UTC, ou de 9
et 18 heure locale. Cette couche limite est modélisée par dix
radiosondages pour 9 heures de simulation. La grille s'étend de
50 a 2000 m. La maille verticale est de 50 m d'épaisseur
jusqu'a 1000 m puis 100 m jusqu'au sommet du domaine.
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’ Other laws in free CBL Details on the campaigns Foreseen Cases Forced CBL de nition production dyne

5 juin 2006

La simulation de la couche limite sahélienne du 5 juin 2006
entre 6 et 18 heure locale (AMMA, par la suite) a été obtenue
par l'utilisation de trois analyses sur le Niger provenant du
modéle IFS du centre européen et de deux interpolations de
ces analyses introduites toutes les 3 h sur 9 heures de
simulations. La grille verticale de la simulation s'étend de 20 m
a 5000 m, elle comprend 19 niveaux jusqu'a 100 m puis la taille
de la maille verticale devient constante et égale a 100 m
d'épaisseur. Le ux de chaleur est deux fois plus important q ue
dans les simulations précédentes. Le vent est trés fort (plus de
15 m:s 1). AMMA a été ajouté aux deux précédentes
expériences car elle permettait la modélisation d'une couche
limite en convection libre et trés haute. Elle atteint 2200 m
aprés 9 heures de simulation.
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' Other laws in free CBL Details on the campaigns Foreseen Cases Forced CBL de nition production dyne

I TRAC : forced CBL

I CAPE : forced CBL

I CASE : neutral BL

I BOMEX : cumulus

I ARM : cumulus

I FIRE : stratocumulus
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' Similarity Functions for forced CBL

Une normalisation incertaine : La normalisation convective
n'est plus adaptée a la convection forcée. u* et
Lyo doivent étre pris ne compte. Il faut déterminer
la nouvelle normalisation.
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' Similarity Functions for forced CBL

Une normalisation incertaine : La normalisation convective
n'est plus adaptée a la convection forcée. u* et
Lyo doivent étre pris ne compte. Il faut déterminer
la nouvelle normalisation.

Loi de similitude pour le paramétre total :

@
Utotale - Z h

W2 totale(h Lvo ))_ Fl( ) F2(m

Par le biais d'une analyse dimensionnelle :

€sous maille — (5 h . X)
W2 S0 H Lo " H
@
Usous maille — Fo 5 h . X)
Wm2 Ushg * H ' LMO ' H
z h X

15X

) Pue (-

u%tale(ﬁ, LMO shg H )



Other laws in free CBL Details on the campaigns Foreseen Cases Forced CBL de nition production dyne

TRAC Partial similarity function : TKE
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Other laws in free CBL Details on the campaigns Foreseen Cases Forced CBL de nition production dyne

dynamic production : uf? * 9%

mir TR CEEER
= (U mH(m § Ny mH(h T )
= U o)y T TG T )
F@ 0 m(w mm )
with @ o My w+(w )G g %) =0
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Other laws in free CBL Details on the campaigns Foreseen Cases Forced CBL de nition production dyne
. . —— X 4T X
dynamic production : u? "9
il

ux subgrid in LES

e LY o vy (TR

Y dx
— o= x du;y *
O NG oY) ) :
| | ] ] dXJ
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