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Simple closures (1st order)

Mass-flux method:  
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Parametrization of PBL outer layer (overview)

Parametrization Application Order and Type of Closure

Bulk models Models that treat PBL top as surface 0th order           non-local

Local K Models with fair resolution 1st order            local

K-profile Models with fair resolution 1st order            non-local

EDMF (K & M) Models with fair resolution 1st order            non-local

TKE-closure Models with high resolution 1.5th order         non-local

Higher order closure Models with high resolution 2nd or 3rd order  non-local
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Bulk - Slab - Integral - Mixed Layer Models 

Bulk models can be formally obtained by: 

ÅMaking similarity assumption about shape of  profile, e.g. 

ÅIntegrate equations from z=0 to z=h

ÅSolve rate equations for scaling parameters      ,    and h

Mixed layer model of the day-time boundary layer is a well-

known example of a bulk model.
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Mixed layer (bulk) model of day time BL
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This set of equations is not closed. A closure 
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Closure for mixed layer model

Buoyancy flux in 

inversion  scales with 

production in mixed layer:
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CE is entrainment constant(0.2)

Cs represents shear effects (2.5-5) but is often not considered

Closure is based on turbulent 

kinetic energy budget of the 

mixed layer: 
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local K closure model: Grid point models
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Levels in ECMWF modelK-diffusion in analogy with 

molecular diffusion, but

Diffusion coefficients need to be 

specified as a function of flow 

characteristics (e.g. shear, 

stability,length scales).  
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Diffusion coefficients according to MO-similarity
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Reduced Diffusion above Surface Layer
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New small diffusion coefficients: Monin -Obukhov (1954) based on observations

( )2U
K l f Ri

z

µ
= Ö Ö
µ

zk



Scores 32r3-32r2 e-suite 

against observations

32r3 better during linear phase.

T799 analysis, 

428 members, 

agains obs



reduced K: Eady Index

tan=69.8h

tfc,bias =2.6h

Eady index indicates too slow baroclinic growth rate.  Much improved!
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Z500 Activity increase due to K reduction

FC Activity: wave number 0 -3

115 T399 runs

RMS error

K reduced

control

AN Activity: wave number 0 -3

Activity: wave number 4 -14


