Parametrization of PBL outer layer

Y
. Martin Kéhler

A Overview of models
A Bulk models

A local K-closure

A K-profile closure

A TKE closure
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Simple closures florder)
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K-diffusion method:
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Parametrization of PBL outer layer (overview)
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Application Order and Type of Closurs
Bulk models Models that treat PBL top as surface 0™ order nottocal
Local K Models with fair resolution 1storder [o]or:1
K-profile Models with fair resolution 1storder nonlocal
EDMF (K & M) Models with fair resolution 1storder nonlocal
TKE-closure Models with high resolution 1.5"order  nonlocal

Higher order closure Models with high resolution 2nd or 39 order norlocal
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A Bulk models



Py Bulk - Slab- Integral- Mixed Layer Models
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Bulk models can be formally obtained by:

AMaking similarity assumption about shape of profile, e.c

9" 9m — §(z/n) g =49
q. W,

Alntegrate equations fromr0 toz=h

ASolve rate equations for scaling parametgrsy. , hand

Mixed layer model of the dayme boundary layer is a well
known example of a bulk model.



Mixed layer (bulk) model of day time BL
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This set of equations is not closed. A closure
assumption is needed for entrainment velocity or for
entrainment flux.



Closure for mixed layer model
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A local K closure
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local K closure model: Grid point models
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K-diffusion in analogy with
molecular diffusion, but

Diffusion coefficients need to be

specified as a function of flow

characteristics (e.g. sheatr,

stability,length scales).

Levels in ECMWF model

31-level

91-level

model model
480 2800
380 2300
300 1800
220 1360
160 970
110 640

70

30

10

U,Vv,T,q

U,Vv,T,q

U,Vv,T,q
U,Vv,T,q

U,Vv,T,q
U,Vv,T,q
U,Vv,T,q

U,Vv,T,q

U,\Vv,T,q

0,0,T,,q,



Diffusion coefficients according to M@&imilarity

 aa)
\ 4

72

_fmfh

72

f2

du
dz

K =

M H

| | K

du
dz |

Use relation betweeRi and ?/ L
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Reduced Diffusion above Surface Layer
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Old large diffusion coefficients: Louis - Tiedtke -Geleyn (1982) empirical

New small diffusion coefficients: Monin - Obukhov (1954) based on observations



control normalised 0x33 minus oexuc
- Root mean square error forecast
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s reduced K: Eady Index
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Eady index indicates too slow baroclinic growth rate. Much improved!
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Z500 Activity increase due to K reduction

— K reduced
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