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Wh at ' s o6 model err

Systematic error

Ae.g. excessive westerlies and climate drift.
- error pattern that persists and grows from
the start of a forecast (Jung and Tompkins, 2003)

Adifficult to identify the cause although sometimes
obvious (e.g. mountain/gravity wave drag)

Alarge-s cal e at mospheric Obl ocki
horizontal resolution less than T511
(transient eddy forcing vers
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Random error

AStatistical fluctuation in sub-gridscale parametrization
e.g. number of deep convective clouds per gridbox

Auncertainty in parametrized fluxes relating to uncertainty
In model profiles (e.g. trapped lee wave drag)

Achaotic upscale transfer of kinetic energy as a quasi-2D
turbulent process

A
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OKnowl edge uncerta

Auncertainty in the values of parameters that arise

In physical parametrization e.g. convective entrainment
rate

Aétreats parametrization par-ar
defined constants that are subject to measurement error

Aindependent variations of parametrization parameters can
generate physically-implausible physics
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Orepresenting random

AWhy ? If the model already has error,
why put some in ?!

A add random error and hope that some
systematic error improvements result

Imagine a forecast model that only
simulated the zonal-mean flow
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Stochastic parameterizations have the potential to
reduce model error

ball in a double

= potential well

Potential

Noise changes the
pdf which therefore
changes the
ensemble average

Weak noise Strong noise

i
Unimodal Multi -modal
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Stochastic physical processes

e.g.

Adeep mesoscale convection
Amountain drag

Aradiative fluxes in the presence of cloud
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Deep convection / thunderstorm cloud
- a view from space
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e

eddies shed from
Islands

trapped lee waves
generated by an island

Slide9 Using stochastic physics to represent model error by G. J. Shutts ECM@/F wE MWF




thin cloud sheets
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Upscale energy cascade

05SSL) O2yWSOUGAQ®S aeaitasSyvya SIS | YS
PV anomalies have associated balanced flow fields

O Upscale energy transfer is caused by straining PV anomalies by taige
flow

O«

from Shutts and Gray (1999)
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Kinetic energy spectra from aircraft
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Nastrom and Gage, 1985

(also Lindborg, 1999)
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Kinetic Energy spectrum in the ECMWEF IFS

Missing mesoscale
energy
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