
ETH-Klimarunde
Thema 5: Wie funktioniert ein Klimamodell?

Was ist ein Wetter- oder Klimamodell?

KNMI Informationsblatt zur Klimamodellierung (oben)
Abbildung Klimasystem, Max-Planck Institut für Meteorologie

Prozesse wie Konvektion, Niederschlag, Strah-
lung, Turbulenz etc. sind zu kleinskalig, um 
vom Computermodell aufgelöst zu werden. 
Diese Prozesse werden durch theoretische, 
statistische oder empirische Beschreibungen 
berücksichtigt,sogenannte 
Parametrisierungen.

Unsere Modelle werden auf modernen 
Supercomputern und Rechenclustern an 
der ETH und am CSCS ausgeführt. 

Gute Computermodelle sind wesentlich zur Erstellung von Wettervorhersagen 
und Bereitstellung von Klimainformationen

Die Sonne erwärmt die Erde stärker am Äquator als 
an den Polen. Dies führt zu grossskaligen Luftbewe-
gungen  und zum Transport von Wärme und 
Feuchtigkeit in der Atmosphäre.

Diese Wetter- und Klimaprozesse 
werden in numerischen Modellen auf 
Computern berechnet.

Im Modell wird die Atmosphäre in Gitterzellen unterteilt. An jeder Gitterzelle werden die mathematisch- physikalischen Grundglei-
chungen gelöst: Massen-, Drehimpuls- und Energieerhaltung:
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That the vertically averaged divergence is typically
about an order of magnitude smaller than typical
magnitudes of the divergence observed at specific
levels in the atmosphere reflects the tendency (first
pointed out by Dines23) for compensation between
lower tropospheric convergence and upper tropos-
pheric divergence and vice versa. Vertical velocity �,
which is the vertical integral of the divergence, tends
to be strongest in the mid-troposphere, where the
divergence changes sign.24

It is instructive to consider the vertical profile of
atmospheric divergence in light of the idealized flow
patterns for the two-dimensional flow in two differ-
ent kinds of waves in a stably stratified liquid in
which density decreases with height. Fig. 7.20a shows
an idealized external wave in which divergence is
independent of height and vertical velocity increases
linearly with height from zero at the bottom to a
maximum at the free surface of the liquid. Fig. 7.20b
shows an internal wave in a liquid that is bounded by
a rigid upper lid so that w � 0 at both top and bot-
tom, requiring perfect compensation between low
level convergence and upper level divergence and
vice versa. In the Earth’s atmosphere, motions that
resemble the internal wave contain several orders of
magnitude more kinetic energy than those that
resemble the external wave. In some respects, the
stratosphere plays the role of a “lid” over the tropo-

sphere, as evidenced by the fact that the geometric
vertical velocity w is typically roughly an order of
magnitude smaller in the lower stratosphere than in
the midtroposphere.

7.3.5 Solution of the Primitive Equations

The primitive equations, in the simplified form that
we have derived them, consist of the horizontal equa-
tion of motion

(7.14)

the hypsometric equation

(3.23)

the thermodynamic energy equation

(7.36)

and the continuity equation

(7.39b)

together with the bottom boundary condition

(7.41)

Bearing in mind that the horizontal equation of
motion is made up of two components, the system of
primitive equations, as presented here, consist of five
equations in five dependent variables: u, v, �, �, and
T. The fields of diabatic heating J and friction F need
to be prescribed or parameterized (i.e., expressed as
functions of the dependent variables). The horizontal
equation(s) of motion, the thermodynamic energy
equation, and the equation for pressure on the
bottom boundary all contain time derivatives and are
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23 Willam Henry Dines (1855–1927) British meteorologist. First to invent a device for measuring both the direction and the speed of
the wind (the Dines’ pressure-tube anemometer). Early user of kites and ballons to study upper atmosphere.

24 The midtroposphere minimum in the amplitude of � � V justifies the use of (7.22) in diagnosing the vorticity balance at that level.
Alternatively (7.22) can be viewed as relating to the vertically averaged tropospheric wind field, whose divergence is two orders of magni-
tude smaller than its vorticity.

(a) (b)

Fig. 7.20 Motion field in a vertical cross section through a
two-dimensional wave propagating from left to right in a sta-
bly stratified liquid. The contours represent surfaces of con-
stant density. (a) An external wave in which the maximum
vertical motions occur at the free surface of the liquid, and
(b) an internal wave in which the vertical velocity vanishes at
the top because of the presence of a rigid lid.
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Welche Modelle werden am C2SM betreut?

Regionales Wetter- und Klima-
modell COSMO (Consortium 
for Small-scale Modeling) 

Klimamodelle der 
ECHAM-Familie

ICON (Icosahedral 
Nonhydrostatic) 
Modell 

NCAR Community 
Earth System 
Model CESM 

Piz Daint, CSCS Euler Cluster, ETH

Zusätzlich wird einem Atmo-
sphärenmodell häufig ein Ozean-
modell, ein Eismodell und ein 
Vegetationsmodell für die Bio-
sphäre angekoppelt.


