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Naturkatastrophen: Erdbeben
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Wie bricht das Erdinnere?
Wie breiten sich die Wellen im Erdinneren aus?

Wo gibt es Nachbeben?
Warum Probleme mit der Magnitudenbestimmung?

Wie konnte das Folgebeben am 28.3. vorhergesagt werden?
Wie bewegt sich die Erdoberfläche?
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Aktuelle Erdbeben
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Heute ….
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Verteilung der ErdbebenVerteilung der Erdbeben

Erdbeben  1954-1998 mit Magnitude >= 4.0

BGR Hannover
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Plattentektonik
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Seismizität vor 
26.12.2004

Erdbeben M>5 
1900 – Ende 2004
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26 Dec 2004 01:58:53MET

Epizentrum
Herdtiefe ca. 35km

Bruchfläche
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Verwerfungen

Basic fault types 
and their 
appearance in the 
focal mechanisms. 
Dark regions 
indicate 
compressional P-
wave motion. 
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Abstrahlcharakteristik

Far field P – blue
Far field S - red

Far field P – blue
Far field S - red
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Polarität

First motion of P 
waves at 
seismometers in 
various 
directions.

The polarities of 
the observed 
motion is used to 
determine the 
point source 
characteristics.
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Elastic rebound (Reid, 1910)

We need to relate the size of the (observed) displacement 
with the size (magnitude, power strength) of earthquakes:
How can we quantify earthquakes? 



Slide 13www.geophysik.uni-muenchen.de

26 Dec 2004 01:58:53MET

Der Bruchvorgang
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Größte zu erwartende Bruchfläche in Deutschland
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Theorie – Beobachtung
P-Welle
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Statische Verschiebung

Ground displacement at the surface of a vertical strike slip.

Top right: fault parallel motion
Lower left: fault perpendicular motion
Lower right: vertical motion
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Statische Verschiebung

Displacements after Turkey earthquake 1999.
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26 Dec 2004 02:02:00MET
Verschiebung am Meeresboden
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GPS 

Messungen der 
Verschiebungen
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Postseismische Deformation
GPS Messungen
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Landers, Kalifornien

Landers, Kalifornien

Epizentrum des 
M7.4 Erdbeben von 
1992. Horizontale 
Verschiebung 6m!
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Erdbeben in Taiwan
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1500m „Hindernis“1500m „Hindernis“
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Globale 
Wellenausbreitung
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Globale 
Wellenausbreitung
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26 Dec 2004 02:05:00MET
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26 Dec 2004 02:05:00MET

3 cm

Scherwellen Oberflächenwellen
Love-Wellen
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Richter Skala

Grafische 
Bestimmung der 
Magnitude eines 
Erdbebens

Grafische 
Bestimmung der 
Magnitude eines 
Erdbebens

)factorcorrectionDistance()(log10 += mmAM L
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Mercalli Intensität und Richter Magnitude

X. Some well-built wooden structures destroyed; most masonry and frame structures destroyed with foundations. 
Rails bent. 
XI. Few, if any (masonry) structures remain standing. Bridges destroyed. Rails bent greatly. 
XII. Damage total. Lines of sight and level are distorted. Objects thrown into the air. 

VIII or higher7.0 and  higher 

VIII. Damage slight in specially designed structures; considerable damage in ordinary substantial buildings with partial 
collapse. Damage great in poorly built structures. Fall of chimneys, factory stacks, columns, monuments, walls. Heavy 
furniture overturned. 
IX. Damage considerable in specially designed structures; well-designed frame structures thrown out of plumb. 

Damage great in substantial buildings, with partial collapse. Buildings shifted off foundations. 

VII - IX6.0 - 6.9 

VI. Felt by all, many frightened. Some heavy furniture moved; a few instances of  fallen plaster. Damage slight. 
VII. Damage negligible in buildings of good design and construction; slight to moderate in well-built ordinary 
structures; considerable damage in poorly built or badly designed structures; some chimneys broken. 

VI - VII5.0 - 5.9 

IV. Felt indoors by many, outdoors by few during the day. At night, some awakened. Dishes, windows, doors disturbed; 
walls make cracking sound. Sensation like heavy truck striking building. Standing motor cars rocked noticeably.
V. Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable objects overturned. Pendulum 
clocks may stop. 

IV - V4.0 - 4.9 

II. Felt only by a few persons at rest, especially on upper floors of buildings. 
III. Felt quite noticeably by persons indoors, especially on upper floors of  buildings. Many people do not recognize it 
as an earthquake. Standing motor cars may rock slightly. Vibrations similar to the passing of a truck. Duration 
estimated.

II - III3.0 - 3.9 

I. Not felt except by a very few under especially favorable conditions. I1.0-3.0

DescriptionIntensity Magnitude 
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26 Dec 2004 02:11:06MET
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26 Dec 2004 03:39:00MET
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Nachbeben

Bodenbewegung in FFB 26.-29.12.2004

Sumatra Beben
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Nachbeben



Slide 33www.geophysik.uni-muenchen.de

Messungen in Deutschland

Krüger, Ohrnberger, Nature, 2005
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Bruchbestimmung 
... aus der Ferne ...
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Endgültig ermittelte Bruchfläche
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... Erdbebenvorhersage ...
Veröffentlicht am 17.3.2005
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... und das Ereignis am 28.3.2005 ...
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Klang eines Instruments

a‘ - 440Hz
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Die Erde als Klangkörper

26.-29.12.2004 (FFB )

0S2 – tiefster Ton der Erde
T=3233.5s =53.9min

Theoretisch berechnete Obertöne
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Die Erde als Klangkörper
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Erdbeben und 
Supercomputing

Parallelcomputer

GitterQuelle

Seismische Wellen
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26 Dec 2004 01:58:53MET
Wellenausbreitung
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26 Dec 2004 01:58:53MET
Wellenausbreitung
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Kumulative Energie
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Das Sumatra Beben ...

... regte die ganze Erde zu ihren Eigenschwingungen an, die tagelang 
anhalten ...

... führte in Bayern – 9400km entfernt – noch zu 2.5cm horizontaler  
Bodenverschiebung ...

... wird auf lange Zeit die Erdbebentätigkeit im indonesischen Raum (und 
darüber hinaus) beeinflussen (erhöhen)...

...  hat die Schwierigkeit gezeigt, die Stärke sehr großer Beben in 
Echtzeit zu bestimmen ... 

... wird die Geo-forschung global ähnlich verändern wie das Kobe 
Erdbeben 17.1.1995 in Japan ...
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