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Weather forecasts can be verified on a day-to-day basis
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Outline

* Weather and Climate
* Model bias

* Complexity

* Where shall we go?

Dresden, 29 July 2009



Definition of Climate (WMO)

Climate ... is usually defined as the
"average weather” or more rigorously, as
the statistical description in terms of the
mean and variability of relevant quantities
over a period of time ranging from months
to thousands or millions of years. The
classical period is 30 years, as defined by
the World Meteorological Organization
(WMO).

Climate is intimately linked to the statistics
of weather @
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Two types of predictability
(after Lorenz)

* Predictability of the first kind: arises
from the initial conditions (weather
prediction, seasonal and decadal
climate forecasting)

* Predictability of the second kind: arises
from the boundary conditions (global
change projections)

* Global change prediction: mixture of
both
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Outline

* Model bias
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| simply don‘t know, probably
not in some cases @D
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The uncertainty in climate
projections for the 21st century

Hawkins and Sutton 2009
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Decadal variations in the
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Global mean surface temperature
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Strong volcanic eruptions, for instance, can cause global
cooling of about 0,2°C for a few years and persist even

longer in the ocean heat content.
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Typical bias in surface air
temperature (SAT)
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Gulfstream SST frot
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The AGCM has T239 horizontal resolution (~50 km) and 48 levels
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Hurricane prediction
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seﬁsitivity to horizontal resolution
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There are more elegant ways

* Ensembles with single models by
varying the initial conditions

* Multi-model ensembles by
(implicitly) varying model physics

* Re-think the philosophy of
parameterization, e.g. stochastic
physics taking into account the

inherently chaotic nature of the
unresolved processes
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SST hindcast skill at a lead of 6 months
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SST bias (REF) to observations
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The zonal gradient along the equator is
reversed in many models
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Changes in inter-annual variability:
equatorial SST anomalies
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Outline

* Complexity



Weather and Chaos (Lorenz)

X = —aX + o¥ + £, cosf

Y= —XZ+ 11X — ¥+ fo sinf

Z=XY — bz @)
Dresden, 29 July 2009 IFM-GEOMAR






From climate models to Earth
system models

| Physical Climate System
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Outline

* Where shall we go?



What do we need?

* Better understanding of the processes

* Better observing system (e.g.,
subsurface ocean data)

* Better initialization (which data are
needed, improved techniques)

* ,,Good"” models! We know from NWP that
reduction of systematic bias helps. But
biases in climate models are still rather
large

* Correction techniques?

§
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