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2.5 Simplified scheme towards filtered equations
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Nonhydrostatic model equations
Hydrostatic ( primitive ) 

equationsCompressible/elastic Incompressible/anelastic *

equations with full
physical structure

full set of prognostic
variables
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reduction of equation set due to reduction to hydrostatic equation
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boundary value problem constitutes a
diagnostic relation for p

filter condition:

boundary value problem 
constitutes  a diagnostic 
relation for  w
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22
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Internal acoustic and
gravity waves are com-
pletely contained.

Internal gravity waves are com-
pletely contained, acoustic waves
are filtered out.

Internal gravity waves are 
contained, but insufficiently
presented        
acoustic waves excluded.

( )22
zx LL >>

Hydrostatic and geostrophic 
adaptation

Hydrostatic and geostrophic adaptation
Geostrophic adaptation

Damping/filtering of acoustic waves
due to an appropriate numerical
scheme  ( split-explicit , 
semi-implicit-semi-Lagrange )
Models: MM5, LM, WRF-NCAR,

UK-Unified Model,  etc. ...
WK78 , Cullen, Gassmann

Numerical treatment of elliptic pressure
equation is difficult and needs  to be done
with care (terrain-following coordinate).
An excellent research model is EULAG
(Grabowski, W.W.,P.K.Smolarkiewicz,
2002,MWR 130, 939-952.)

Most operational global and limited
area models are hydrostatic.

* refinements of anelastic approximation: P.B.Bannon,1996, J.Atm.Sc. 53, No.23, 3618-3628.
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Deep Convection : parameterized vs explicit



Aggregates 
and snowPristine iceRain

Graupel and 
hailstoneCloud

&�4���F�B�E� 	���E��� �F0�� 5F����6�7�F/	 �F����6�7 ��F��8�6�7 �F
����D�� �F!��� ��8�6�7 $EB�D* ��B�E)F��F��6�7F$DB�E� ��B�E)�F�C �F9�F��F�:�6�7

;E<B���BDF�DB�E�

=�DDE�F���E��E�

��D����

New Microphysics adapted for high resolution models 



� SHALLOW CONVECTION : : Nécessary until ∆x ~1km – 500m
� 2 approches :

- classical shallow convection scheme (Kain-Fritsch-Bechtold)
- EDMF-type scheme (Pergaud et al 2009)

Shallow convection need to be parameterized
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Principle of Eddy-diffusivity Mass Flux scheme
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SURFEX = SURFace EXternaliseé

Atmosphere

Surface (different types!)

- radiation
- precipitation
- T, wind, humidity

above surface

- radiation
- sensible heat
- evaporation / latent heat

Given the meteorological FORCING from the atmosphere, SURFEX 
(1) calculates the FLUXESFLUXES from the surface to atmosphere, 
(2) predicts the evolution of  many SURFACE QUANTITIES (e.g., soil moisture), and 
(3) diagnostically computes some ”SURFACE AIR” METEOROLOGICAL 

PARAMETERS (e.g., 2m temperature over different surface types))
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