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Introduction to Parametrization of Sub-grid
Processes

Anton Beljaars
(anton.beljaars@ecmwf.int  room 114)

A What is parametrization?

A Processes, importance and impact.

A Testing, validation, diagnostics

A Parametrization development strategy
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P Why parametrization
A 4

ASmall scale processes are not resolved by large scale models,
because they arsubgrid.

Arheeffectof the subgrid process on the large scale can only be
represented statistically.

Arhe procedure of expressing the effect of-guld process is
calledparametrization
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osw Whatis parametrization and why Is it needed
\ 4

Arhe standard Reynolds decomposition and averaging, leads
tocovari ances that need ncl osu

ARadiation absorbed, scattered and emitted by molecules,
aerosols and cloud droplets play an important role in the
atmosphere and need parametrization.

Al oud microphysical processe

AParametrization schemes express the effect ofjsdb
processes in resolved variables.
AViodel variables are U,V,T,q, (1,a)
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Reynolds decomposition

P aa

-y
e.g. equation for potential temperature:
00 00 00 00 0’0 00 0°0
—t+tu—t+tv—*+tw—=0Q + A( + + )
5’[ 5)( 5y 5)( 5)(2 8y2 522

advection source molecular diffusion

Reynolds decompositiod =u+u’, V =v+v,
W=w+w, ©O®=0+0"
Averaged (e.g. over grid box):
06 06 08 6
—ty—+tV—"aw=+tw—=
Ot Ox 5y Ox
o — 06 0 — 00 0 — 00
Q+—(ubé'+4A—)+—(VvO0+A—)+—(—wW0'+41—)
Ox OX oy oy Oz 0z

Q :source term (e.g. radiation absorption/emission or condensat

wo' . subgrid (Reynolds) transport term (e.g. due to turbulence,
convection)
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Space and time scales

Characteristic length scale
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Space and time scales
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Numerical models of the atmosphere

P aa
-
Hor. scales Vert. Scales time range

AClimate models 200 km 500 m 100 years
AGlobal weather prediction20 km 200 m 10 days
ALimited area weather predLO km 200 m 2 days
ACloud resolving models 500 m 500 m 1 day
ALarge eddy models 50 m 50 m 5 hours

Different models need different level of parametrization
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Parametrized processes in the ECMWF model
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Applications and requirements

A~
A Applications of the ECMWF model

i Data assimilation T1279L91outer and T95/T159/T255inner loops: 12hour
4DVAR.

I Medium range forecasts at T1279/L91 (16 km): 10 days from 00 and 12 UTC.

I Ensemble prediction system at T639L62 (32 km) for 10 days, and T319 (65
km) up to day 15; 2x(50+1) members.

I Short range at T1279L91 (15 km): 3 days, 4 times per day for LAMs.

I Seasonal forecasting at T95L40 (200 km): 200 days ensembles coupled to
ocean model.

I Monthly forecasts (ocean coupled) at T159L61: Every week, 50+1 members.
I Fully coupled ocean wave model.
I Interim reanalysis (1989current) is under way (T255L60, 4DVAR).

A Basic requirements
I Accommodate different applications.
I Parametrization needs to work over a wide range of spatial resolutions.

I Time steps are long (from 10 to 60 minutes); Numerics needs to be efficient
and robust.

I Interactions between processes are important and should be considered in the
design of the schemes.
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Importance of physical processes

fGeneral

Arendencies from subrid processes are substantial and

contribute to the evolution of the atmosphere even in the short
range.

A Diabatic processes drive the general circulation.

ASynoptic development
Miabatic heating and friction influence synoptic development.

ANeather parameters
Miurnal cycle

AClouds, precipitation, fog
Anind, gusts

AT and g at 2m level.
MData assimilation

Aorward operators are needed for observations.
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Sensitivity of cyclo-genesis to surface drag
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T-tendencies
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