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Prozente im Alltag

1.5 % Fett

100% Wolle 1.5% Fett

,
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Prozent CO2 in der Luft

Zunahme des CO2-Gehaltes der Luft von 1960 bis heute: 26%
siehe http://www.esrl.noaa.gov/gmd/obop/mlo/

,

KliMathematik, Simons Lecture, FU Berlin, 2013 5



Prozent der festen Erdoberfläche

Ausmaß menschlichen Ein�usses auf die Landober�äche

weiss: kein Ein�uß

vom Menschen beeinflusste Landoberfläche: ca. 83%

aus: Sanderson et al. (2002), BioScience, vol. 52, No. 10, pp. 891–904

,
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Klimaforschung - wozu?

Persönlicher Kommentar:

Wir werden den Planeten auf jeden Fall massiv verändern.

Also sollten wir gut überlegen, wohin die Reise gehen soll.

,
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Definition

Klima:

Zusammenfassung der Wettererscheinungen, die den
mittleren Zustand der Atmosphäre in einem mehr oder
weniger großen Gebiet charakterisieren.

Repräsentiert durch statistische Gesamteigenschaften
(Mittelwerte, Extremwerte, Häufigkeiten, Andauerwerte
u.a.) über einen genügend langen Zeitraum (ca. 30 Jahre).

Quelle: http://www.dwd.de/ (gekürzter Text)

,
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Klimamodellierung – warum?

104

Historical Overview of Climate Change Science Chapter 1

Frequently Asked Question 1.2
What is the Relationship between Climate Change
and Weather?

Climate is generally defi ned as average weather, and as such, 
climate change and weather are intertwined. Observations can 
show that there have been changes in weather, and it is the statis-
tics of changes in weather over time that identify climate change. 
While weather and climate are closely related, there are important 
differences. A common confusion between weather and climate 
arises when scientists are asked how they can predict climate 50 
years from now when they cannot predict the weather a few weeks 
from now. The chaotic nature of weather makes it unpredictable 
beyond a few days. Projecting changes in climate (i.e., long-term 
average weather) due to changes in atmospheric composition or 
other factors is a very different and much more manageable issue. 
As an analogy, while it is impossible to predict the age at which 
any particular man will die, we can say with high confi dence that 
the average age of death for men in industrialised countries is 
about 75. Another common confusion of these issues is  thinking 

that a cold winter or a cooling spot on the globe is evidence against 
global warming. There are always extremes of hot and cold, al-
though their frequency and intensity change as climate changes. 
But when weather is averaged over space and time, the fact that 
the globe is warming emerges clearly from the data.

Meteorologists put a great deal of effort into observing, un-
derstanding and predicting the day-to-day evolution of weath-
er systems. Using physics-based concepts that govern how the 
atmosphere moves, warms, cools, rains, snows, and evaporates 
water, meteorologists are typically able to predict the weather 
successfully several days into the future. A major limiting factor 
to the predictability of weather beyond several days is a funda-
mental dynamical property of the atmosphere. In the 1960s, me-
teorologist Edward Lorenz discovered that very slight differences 
in initial conditions can produce very different forecast results. 

FAQ 1.2, Figure 1. Schematic view of the components of the climate system, their processes and interactions. 

(continued)

Intergovernmental Panel for Climate Change, Assessment Report 4, 2007

gigantische Komplexität
keine Laborexperimente

⇓

Modellbildung und Simulation

⇓

Vorgehensweise:
Extrahiere

”
Statistik“ aus

Modellsimulationen

⇓

Aber:
Wie bekommen wir die riesigen

Datenmengen in den Griff?

,
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”
Prozente“ und Modellbildung

Beispiel:

Schnelles bzw. langsames Auffüllen eines
”
Stausees“

Q̇

großer Stausee kleiner StauseeVentil

,
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Stausee-Modelle

Schnelles Auffüllen:

komplexe Wellenvorgänge

Wellenzeit = 50% Ventilöffnungszeit

,
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Stausee-Modelle

Langsames Auffüllen:

gleichmäßiges Ansteigen des Wasserspiegels

Wellenzeit = 1% Ventilöffnungszeit

,
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Stausee: mit oder ohne Wellen?

Schnelles Auffüllen:
Wasserstand h(t, x), Geschwindigkeit u(t, x)

∂h
∂t

+
∂hu
∂x

= 0

∂hu
∂t

+
∂(hu2 + gh2/2)

∂x
= 0

hu(0, x) = h0 , hu(t, 0) = Q̇(t)

Wellenzeit = 50% Ventilöffnungszeit

x

Langsames Auffüllen:
Wasserstand H(t)

dH
dt

=
Q̇(t)
A

H(0) = H0

Wellenzeit = 1% Ventilöffnungszeit

x

,
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Schallwellen

vertikal: fast hydrostatischer Druck

H
öh

e

Druck
hydrostatisch

H
öh

e

Druck
hydrostatisch

Akustische
Welle

horizontal: Hoch- und Tiefdruckmuster

Dank an P. Névir, Meteorologie, FU-Berlin

Vertikale Schallzeit

Wetterkartenzeit
∼ 33 sec

1Tag
∼ 0.04%

,
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Alle Schallwellen erlaubt

∂u
∂t

+ u · ∇u+ w
∂u
∂z

+
1
ρ
∇p = Lu[u]

∂w
∂t

+ u · ∇w+ w
∂w
∂z

+
1
ρ

∂p
∂z

= −g + Lw[w]

∂T
∂t

+ v · ∇T + w
∂T
∂z

= LT [T ]

∇ · u+
∂w
∂z

= 0

verantwortlich für vertikale Schallwellen

,
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Kein vertikal propagierender Schall

∂u
∂t

+ u · ∇u+ w
∂u
∂z

+
1
ρ
∇p = Lu[u]

∂w
∂t

+ u · ∇w+ w
∂w
∂z

+
1
ρ

∂p
∂z

= −g + Lw[w]

∂T
∂t

+ v · ∇T + w
∂T
∂z

= LT [T ]

∇ · u+
∂w
∂z

= 0

Annals of Mathematics, 166 (2007), 245–267

Global well-posedness of the

three-dimensional viscous primitive

equations of large scale ocean
and atmosphere dynamics

By Chongsheng Cao and Edriss S. Titi

Abstract

In this paper we prove the global existence and uniqueness (regularity) of
strong solutions to the three-dimensional viscous primitive equations, which
model large scale ocean and atmosphere dynamics.

,
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Mathematisches Resultat

In der Menge der
”
glatten“ Funktionen sind die Lösungen

der Basisgleichungen der meisten globalen Klimamodelle

I eindeutig und

I gutartig von den Problemparametern abhängig

Annals of Mathematics, 166 (2007), 245–267

Global well-posedness of the

three-dimensional viscous primitive

equations of large scale ocean
and atmosphere dynamics

By Chongsheng Cao and Edriss S. Titi

Abstract

In this paper we prove the global existence and uniqueness (regularity) of
strong solutions to the three-dimensional viscous primitive equations, which
model large scale ocean and atmosphere dynamics.

,
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Zielstellungen bei der Modellreduktion

Bis hierher:

Modellreduktion hilft, den Rechenaufwand einzudämmen

ebenso wichtig:

Modellreduktion unterstützt das Verständnis komplexer Prozesse ...

,
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Prozente und Wirbelstürme

Hurricane Rita (September 2005)
http://eoimages.gsfc.nasa.gov/

Die wichtigsten ”kleinen Prozentzahlen“:

Windgeschwindigkeit i.d. Umgebung

max. Windgeschwindigkeit
∼ 10%

Radius des maximalen Windes

Durchmesser
”
normales Tief“

∼ 5%

Vertikale Wirbelausdehnung

Durchmesser des Wirbelkerns
∼ 10%

,
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Prozente und Wirbelstürme

Dunkerton et al., Atmos. Chem. Phys., 9, 5587–5646 (2009)

Vortex tilt in the incipient hurricane stage
(Velocity potential)

200 hPa

(∼ 12 km)

5618 T. J. Dunkerton et al.: Tropical cyclogenesis in tropical waves

925 hPa velocity potential

5 ms
-1 5 ms

-1

200 hPa velocity potential

Fig. 21. Velocity potential of divergent flow, as seen in ERA-40 data, at (a, c) 925 hPa and (b, d) 200 hPa leading up to the genesis time of
Hurricane Debby, at (a, b) 30 h before genesis and (c, d) genesis.

troposphere flow is well-represented on the synoptic scale
(a compliment that excludes the tropical tropopause layer or
TTL, and the lower stratosphere, due to insufficient cloud
coverage or water vapor content, and lower troposphere in
regions where thick clouds obscure). To the extent that both
lower and upper troposphere horizontal winds are captured
faithfully by the analyses on the synoptic scale, it is possi-
ble to identify TD-like conditions in the parent wave from
the vertical structure of wind anomalies: specifically, a “first
baroclinic mode” structure or stacked arrangement of LT cy-
clone and UT anticyclone.
Such features – as one might expect us to say – are best

revealed in a frame of reference translating with the parent
wave. But in the case of Debby and more generally, there
is no need for the optimum translation speeds to be iden-
tical throughout the depth of the troposphere. One reason
(noted in Sect. 3 and quantified in Table 1) is that the phase
speed of the parent wave may vary with height, from lower
to mid-troposphere. Another (noted here) is that the proto-
vortex may translate slowly with respect to its parent wave
while its deep convective signature extends to the upper tro-
posphere28. The definition of “properly co-moving frame”
therefore depends precisely on what the “co” refers to. In-
28Effects of the diabatic proto-vortex on the upper troposphere

may be separated into a near-field response with anticyclonic out-
flow aloft (relevant to TC genesis within) and a far-field response
communicated by secondary Rossby waves (relevant to adjacent
troughs and TC genesis therein).

deed, it is likely that a trapped LT disturbance propagates at
a slightly different speed than a diabatically activated LT-UT
dipole. There are multiple reasons, the simplest being that
gross moist stability is reduced by the latent heating associ-
ated with deep moist convective precipitation, causing wave
phase speed of moister waves to be slower than that of drier
waves. In the language of tidal theory it could be said that
the equivalent depth of the proto-vortex and its induced flow
is smaller than that of the original parent wave, which sees a
larger area and more dilute distribution of precipitation than
the proto-vortex itself and its upper tropospheric signature.
We therefore expect a diabatic Rossby wave and diabatic
Rossby vortex to propagate at slightly different speeds, the
speed of the wave depending, among other things, on the de-
gree of convective heating seen by the wave, via the gross
moist stability. Also possible is that the two entities respond
differently to vertical shear. An isolated vortex is expected
to propagate at the speed of the local mean flow (excluding
the effects of unbalanced motions, if any) which, as noted in
Sect. 2, matches the phase speed of the wave at the critical
latitude. There are kinematic reasons for the parent wave and
proto-vortex to remain together, at least within some maxi-
mum distance as determined by the dimensions of the trans-
lating gyre. But they do not necessarily walk in lock step.
The marsupial paradigm evidently allows some “slop” in the
exact position of the vortex relative to the wave trough, i.e.,
slightly different propagation speeds which (as in Debby and
other cases) are measurably different. Key to the success

Atmos. Chem. Phys., 9, 5587–5646, 2009 www.atmos-chem-phys.net/9/5587/2009/
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Fig. 21. Velocity potential of divergent flow, as seen in ERA-40 data, at (a, c) 925 hPa and (b, d) 200 hPa leading up to the genesis time of
Hurricane Debby, at (a, b) 30 h before genesis and (c, d) genesis.

troposphere flow is well-represented on the synoptic scale
(a compliment that excludes the tropical tropopause layer or
TTL, and the lower stratosphere, due to insufficient cloud
coverage or water vapor content, and lower troposphere in
regions where thick clouds obscure). To the extent that both
lower and upper troposphere horizontal winds are captured
faithfully by the analyses on the synoptic scale, it is possi-
ble to identify TD-like conditions in the parent wave from
the vertical structure of wind anomalies: specifically, a “first
baroclinic mode” structure or stacked arrangement of LT cy-
clone and UT anticyclone.
Such features – as one might expect us to say – are best

revealed in a frame of reference translating with the parent
wave. But in the case of Debby and more generally, there
is no need for the optimum translation speeds to be iden-
tical throughout the depth of the troposphere. One reason
(noted in Sect. 3 and quantified in Table 1) is that the phase
speed of the parent wave may vary with height, from lower
to mid-troposphere. Another (noted here) is that the proto-
vortex may translate slowly with respect to its parent wave
while its deep convective signature extends to the upper tro-
posphere28. The definition of “properly co-moving frame”
therefore depends precisely on what the “co” refers to. In-
28Effects of the diabatic proto-vortex on the upper troposphere

may be separated into a near-field response with anticyclonic out-
flow aloft (relevant to TC genesis within) and a far-field response
communicated by secondary Rossby waves (relevant to adjacent
troughs and TC genesis therein).

deed, it is likely that a trapped LT disturbance propagates at
a slightly different speed than a diabatically activated LT-UT
dipole. There are multiple reasons, the simplest being that
gross moist stability is reduced by the latent heating associ-
ated with deep moist convective precipitation, causing wave
phase speed of moister waves to be slower than that of drier
waves. In the language of tidal theory it could be said that
the equivalent depth of the proto-vortex and its induced flow
is smaller than that of the original parent wave, which sees a
larger area and more dilute distribution of precipitation than
the proto-vortex itself and its upper tropospheric signature.
We therefore expect a diabatic Rossby wave and diabatic
Rossby vortex to propagate at slightly different speeds, the
speed of the wave depending, among other things, on the de-
gree of convective heating seen by the wave, via the gross
moist stability. Also possible is that the two entities respond
differently to vertical shear. An isolated vortex is expected
to propagate at the speed of the local mean flow (excluding
the effects of unbalanced motions, if any) which, as noted in
Sect. 2, matches the phase speed of the wave at the critical
latitude. There are kinematic reasons for the parent wave and
proto-vortex to remain together, at least within some maxi-
mum distance as determined by the dimensions of the trans-
lating gyre. But they do not necessarily walk in lock step.
The marsupial paradigm evidently allows some “slop” in the
exact position of the vortex relative to the wave trough, i.e.,
slightly different propagation speeds which (as in Debby and
other cases) are measurably different. Key to the success

Atmos. Chem. Phys., 9, 5587–5646, 2009 www.atmos-chem-phys.net/9/5587/2009/

∼ 200 km

Vertikaler Versatz des Wirbelzentrums
Dunkerton et al., Atmos. Chem. & Phys., 9 (2009)

,
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Prozente und Wirbelstürme

centreline
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Modellstruktur:

I konzentrierter

I schnell rotierender

I fast achsensymmetrischer Wirbel

I zentriert auf mäandernder
Referenzline

,
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Prozente und Wirbelstürme
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T. Weber, Diplomarbeit, FU-Berlin, (2011)

Wirbelintensivierung aus Zusammenspiel von

I Wirbelneigung mit
I Asymmetrien von

I Wärmebilanz
I vertikalem Massentransport
I Kräftebilanz in Umfangsrichtung

J. Fluid Mech., page 1 of 34. c� Cambridge University Press 2012 1
doi:10.1017/jfm.2012.144

Motion and structure of atmospheric mesoscale

baroclinic vortices: dry air and weak

environmental shear

Eileen Päschke
1
, Patrik Marschalik

2
, Antony Z. Owinoh‡ and Rupert Klein

2†
1 Institut für Mathematik, Technische Universität Berlin, 14195 Berlin, Germany

2 Fachbereich Mathematik & Informatik, Freie Universität Berlin, 10632 Berlin, Germany

(Received 12 November 2010; revised 6 March 2012; accepted 12 March 2012)

A strongly tilted, nearly axisymmetric vortex in dry air with asymmetric diabatic
heating is analysed here by matched asymptotic expansions. The vortex is in gradient
wind balance, with vortex Rossby numbers of order unity, and embedded in a quasi-
geostrophic (QG) background wind with weak vertical shear. With wind speeds of
60–120 km h−1, such vortices correspond to tropical storms or nascent hurricanes
according to the Saffir–Simpson scale. For asymmetric heating, nonlinear coupling
of the evolution equations for the vortex tilt, its core structure, and its influence on
the QG background is found. The theory compares well with the established linear
theory of precessing quasi-modes of atmospheric vortices, and it corroborates the
relationship between vortex tilt and asymmetric potential temperature and vertical
velocity patterns as found by Jones (Q. J. R. Meteorol. Soc., vol. 121, 1995,
pp. 821–851) and Frank & Ritchie (Mon. Weath. Rev., vol. 127, 1999, pp. 2044–2061)
in simulations of adiabatic tropical cyclones. A relation between the present theory
and the local induction approximation for three-dimensional slender vortex filaments is
established.

Key words: atmospheric flows, meteorology, quasi-geostrophic flows

1. Introduction

1.1. Related earlier work
There is a large body of literature, starting with Stewart (1943) and Morikawa (1960)
(see also Egger 1992; Reznik 1992; Reznik & Kizner 2007a,b, and references therein)
that investigates the dynamics of concentrated atmospheric vortices in the limit of
pointwise vorticity singularities in two-dimensional or multilayer shallow-flow models.
The related theories focus on the vortex motion but do not investigate the vortex core
structure.

On the other hand, the core structure of such vortices is often modelled using
Eliassen’s balanced vortex model and extensions thereof (see e.g. Eliassen 1952;
Charney & Eliassen 1964; Schubert & Hack 1983; Emanuel 1991; Wirth & Dunkerton
2009, and references therein), which describes the evolution of an axisymmetric,

† Email address for correspondence: rupert.klein@math.fu-berlin.de
‡ Dr Owinoh passed away while this paper was under revision.
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Prozesse mit verschiedenen
”
Skalen“
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Vernetzung der Erde

Dank an N. Botta, Potsdam-Institut für Klimafolgenforschung

Zur näherungsweisen Lösung der Modellgleichungen auf dem Computer müssen wir

”Diskretisieren“

Die ”Auflösung“ ist dabei ein Maß für die Gittermaschenweite

,
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”
Auflösung“ in verschiedenen Modellen
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Kleinskalige Wolkenverteilung

Infrarote Wärmeabstrahlung der Erde:

dunkel: hohe,   hell: niedrige   Intensität

http://www.ssec.wisc.edu/data/composites.html

,
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Kleinskalige Wolkenverteilung

inverse Intensität (Skizze!)

http://www.ssec.wisc.edu/data/composites.html

,
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Darstellung auf einem Rechengitter

inverse Intensität (Skizze!)

coordinates that do not overlap (figure 5). Note that each face has a common
boundary with adjoining faces. The finite differences used in the equations at the
boundaries of the faces are solved by a method based on conservative principles
rather than simple interpolation.

Another type of grid used in the 1960s and the 1970s was the reduced grid or
Kurihara grid that was actually devised independently by a number of researchers
in several different forms. Kurihara (1966) wrote in detail about this grid
(figure 6). Basically, the method is to increase the longitudinal distance as the pole
is approached such that the time step does not have to decrease. Often researchers
use either spatial or Fourier filters to eliminate the smaller scale features near the
pole in either the regular spherical grid system or the reduced grid system. In any
case, this method has some undesirable computational features that have plagued
climate modelling for decades. In fact, these problems have revived interest in the
use of Buckminster Fuller’s geodesic dome idea, in which the globe is covered with
‘nearly’ uniform triangles as shown in figure 7. Some of the earliest work carried
out in this area was by Sadourny et al. (1968) and Williamson (1968).

The spectral transform method became widely used in the 1970s for solving
the dynamical equations of atmospheric climate models. The basis for this
method is akin to the harmonics in musical instruments or harmonic analysis,
where a variable used in a model can be represented in terms of a series of sine
and cosine functions if the area is a rectangle. Most introductory physics

Figure 4. Spherical grid: lines of latitude and longitude. Near the North Pole, the longitude lines
converge, thus making the geographical distances small, which in turn limits the time step used to
solve the equations.

839Review. Climate and Earth system modelling

Phil. Trans. R. Soc. A (2009)

 on April 25, 2013rsta.royalsocietypublishing.orgDownloaded from 

,
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Stark fluktuierende Daten (Skizze) ...

inverse Intensität (Skizze!)

,
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Stark fluktuierende Daten (Skizze) ...

inverse Intensität (Skizze!)

Idealfall:

Alle Oszillationen im Prinzip auf Rechengitter darstellbar

Genauigkeit wird reine Frage des Rechenaufwands

Leider sieht die Realität anders aus ...

,
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... abgetastet auf einem Rechengitter

inverse Intensität (Skizze!)

”Kleinskalige“ Prozesse auf dem Rechengitter nicht darstellbar

”Parameterisierungen“ beschreiben deren Netto-Einfluss

Diese sind physikalisch aber i.Allg. nicht mathematisch gerechtfertigt

Bewusster Umgang mit Unsicherheiten wird notwendig

,
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Charakterisierung von Daten

inverse Intensität (Skizze!)

Bewusster Umgang mit Unsicherheiten

I Wechselwirkung Parameterisierungen⇔ Numerische Verfahren

I
”neutrale“ Charakterisierung der (nicht aufgelösten) Strukturen

,
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Charakterisierung von Daten

inverse Intensität (Skizze!)

Konstruktion effizienter Ersatzmodelle durch Identifikation

I
”
ähnlicher“ Teildatensätze

I lokaler Abhängigkeiten

I externer Einflussgrößen

bei Maximierung des Informationsgewinns (Occam’s Razor) durch

I besten Kompromiss zwischen Restfehlern und Anzahl freier Parameter

Metzner, Putzig & Horenko, CAMCoS, 7, 179–229, (2012)
,
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Charakterisierung von Daten

f (t, x) =
LX

`=1

γ`(t)

0@f `(x) +

J,KX
j,k=1,−K

A`kj f (t − j, x + k) +
IX
i=1

B`i ui(t, x))

1A + ε(t, x).

Konstruktion effizienter Ersatzmodelle durch Identifikation

I
”
ähnlicher“ Teildatensätze

I lokaler Abhängigkeiten

I externer Einflussgrößen

bei Maximierung des Informationsgewinns (Occam’s Razor) durch

I besten Kompromiss zwischen Restfehlern und Anzahl freier Parameter

Metzner, Putzig & Horenko, CAMCoS, 7, 179–229, (2012)
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Charakterisierung von Daten
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Konstruktion effizienter Ersatzmodelle durch Identifikation

I
”
ähnlicher“ Teildatensätze

I lokaler Abhängigkeiten

I externer Einflussgrößen ... ... Grobgitter-Daten

bei Maximierung des Informationsgewinns (Occam’s Razor) durch

I besten Kompromiss zwischen Restfehlern und Anzahl freier Parameter
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Konstruktion effizienter Ersatzmodelle durch Identifikation

I
”
ähnlicher“ Teildatensätze

I lokaler Abhängigkeiten

I externer Einflussgrößen ... Jahreszeiten

bei Maximierung des Informationsgewinns (Occam’s Razor) durch

I besten Kompromiss zwischen Restfehlern und Anzahl freier Parameter

Metzner, Putzig & Horenko, CAMCoS, 7, 179–229, (2012)
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Charakterisierung von Daten
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Konstruktion effizienter Ersatzmodelle durch Identifikation

I
”
ähnlicher“ Teildatensätze

I lokaler Abhängigkeiten

I externer Einflussgrößen ... ... CO2–Anstieg

bei Maximierung des Informationsgewinns (Occam’s Razor) durch

I besten Kompromiss zwischen Restfehlern und Anzahl freier Parameter

Metzner, Putzig & Horenko, CAMCoS, 7, 179–229, (2012)
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Charakterisierung von Daten
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Größe der Erde

Konstruktion effizienter Ersatzmodelle durch Identifikation

I
”
ähnlicher“ Teildatensätze

I lokaler Abhängigkeiten

I externer Einflussgrößen ... ... Sonnenfleckenzyklen

bei Maximierung des Informationsgewinns (Occam’s Razor) durch

I besten Kompromiss zwischen Restfehlern und Anzahl freier Parameter

Metzner, Putzig & Horenko, CAMCoS, 7, 179–229, (2012)
,
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Charakterisierung von Daten
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Charakterisierung von Daten
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Anwendung 1:
”
Parameterisierung“

f (t, x) =
LX

`=1

γ`(t)

0@f `(x) +

J,KX
j,k=1,−K

A`kj f (t − j, x + k) +
IX
i=1

B`i ui(t, x))

1A + ε(t, x).

Auf dem grobem Gitter fehlende Information wird aus dem Ersatzmodell ermittelt

,
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Anwendung 2:
”
Skandinavien-Hoch“
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I. Horenko, J. Atmosph. Sci., 67, 1559–1574 (2010)

Einfluß von:

I Jahreszeit

I CO2-Gehalt

I Sonnenflecken

auf
”
Skandinavien-Hoch“

... eines von vier persisten-
ten Strömungsmustern über
Europa im ERA40 Beobach-
tungsdatensatz (1958–2003)
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Annals of Mathematics, 166 (2007), 245–267

Global well-posedness of the

three-dimensional viscous primitive

equations of large scale ocean
and atmosphere dynamics

By Chongsheng Cao and Edriss S. Titi

Abstract

In this paper we prove the global existence and uniqueness (regularity) of
strong solutions to the three-dimensional viscous primitive equations, which
model large scale ocean and atmosphere dynamics.

coordinates that do not overlap (figure 5). Note that each face has a common
boundary with adjoining faces. The finite differences used in the equations at the
boundaries of the faces are solved by a method based on conservative principles
rather than simple interpolation.

Another type of grid used in the 1960s and the 1970s was the reduced grid or
Kurihara grid that was actually devised independently by a number of researchers
in several different forms. Kurihara (1966) wrote in detail about this grid
(figure 6). Basically, the method is to increase the longitudinal distance as the pole
is approached such that the time step does not have to decrease. Often researchers
use either spatial or Fourier filters to eliminate the smaller scale features near the
pole in either the regular spherical grid system or the reduced grid system. In any
case, this method has some undesirable computational features that have plagued
climate modelling for decades. In fact, these problems have revived interest in the
use of Buckminster Fuller’s geodesic dome idea, in which the globe is covered with
‘nearly’ uniform triangles as shown in figure 7. Some of the earliest work carried
out in this area was by Sadourny et al. (1968) and Williamson (1968).

The spectral transform method became widely used in the 1970s for solving
the dynamical equations of atmospheric climate models. The basis for this
method is akin to the harmonics in musical instruments or harmonic analysis,
where a variable used in a model can be represented in terms of a series of sine
and cosine functions if the area is a rectangle. Most introductory physics

Figure 4. Spherical grid: lines of latitude and longitude. Near the North Pole, the longitude lines
converge, thus making the geographical distances small, which in turn limits the time step used to
solve the equations.
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