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Background
Towards Understanding Seismic Noise

NLNM (Peterson 1993)

Accderation PSD (m**2/s**3)
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Accderation PSD (m**2/sk*3)
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Acceleration power spectral densities for 56 h long records of the STS-1 seismometers at
station BFO. Solid lines labelled Z, EW and NS are from the corresponding components for the
very quiet 56 h interval starting 2004 September 29, 0:00:00 GMT. Note the large difference
between the vertical and horizontal components.
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Four Papers in 1998

1. Nawa et al., Earth, Planets and Space, 1998
Superconducting gravimeter at Showa Station
In Antarctica

2. Suda, Nawa, and Fukao, Science, 1998
IDA (gravimeter)

3. Kobayashi and Nishida, Nature, 1998
Theory (planetary applications)

4. Tanimoto, Um, Kobayashi, Nishida, GRL, 1998
IDA



Nawa et al. (1998)
Superconducting gravimeter in Antarctica
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Nawa et al. (1998)
Superconducting gravimeter at Showa, Antarctica

K. NAWA et al.: INCESSANT EXCITATION OF THE EARTH’S FREE OSCILLATIONS
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Suda, Nawa, Fukao (1998)
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Fig. 3. Comparison of the averaged power spec-
tral density at SUH between (A) the observed and
(B) synthetic spectrograms far the seismically in-
active periods, which are 437 days (12% of the
total record) selected from the 10-year period.



O
Continuous excitation of
planetary free oscillations

by atmospheric disturbances

Naoki Kobayashi* & Kiwamu Nishida*t

* Earth and Planetary Sciences, Tokyo Institute of Technology, Meguro,
Tokyo 152, Japan

Seismolo rovides a powerful tool for

u"n.*ari{:rr&ii’zI but it has been considered inapplicable to tectonically
inactive E]anets where earthgual{es are absent. Here, however, we

show that the atmospheres of solid planets are capable of exerting
dynamic pressure on their surfaces, thereby exciting free oscilla-
tions with amplitudes large enough to be detected by modern
broad-band seismographs. Order-of-magnitude estimates of
these forces give similar amplitudes of a few nanogals for the
Earth, Venus and Mars despite widely varying atmospheric and
ambient conditions. The amplitudes are also predicted to have a
weak frequency dependence. Our analysis of seismograms,



Excitation by Random Pressure Source
Key : the correlation length (L) in pressure
This nature paper assumed that
A = Scale height of atmosphere (8.7km)

Observation indicates A = 1 km or less,
thus the estimates were too large.



GEOPHYSICAL RESEARCH LETTERS, VOL. 25,NO.10, PAGES 1553-1556, MAY 15, 1998

Earth’s continuous oscillations observed on
seismically quiet days

Toshiro Tanimoto and Junho Um

Department of Geological Sciences and Institute of Crustal Studies, University of California,
Santa Barbara

Kiwamu Nishida and Naoki Kobayashi
Department of Earth and Planetary Sciences, Tokyo Institute of Technology, Tokyo, Japan
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Acceleration (ngal)

Acceleration (ngal)
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We started to work on the hum because

1.Justify the installment of a
superconducting gravimeter in
Antarctica. They needed (wanted) to
justify their big investiment.

2.Dream for planetary applications
Get planetary interior of a
non-tectonic
planet.



Acceleration PSD (m**2/s%%*3)

NLNM (Peterson 1993)
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Acceleration PSD (10%*(-18) MKS)
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s the excitation source in the solid earth or
In the atmosphere/ocean ?

* Claims of slow earthquakes (e.q., Beroza
and Jordan, 1990).

* Something like tremor may excite them.

* The key is in detection of seasonality.
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PAS (Average 0520 - 0S40) Signal  Noise




10.937

9.843-
8.750-
7.656
6.562 -
5.468-
4.375
3.281-
2.187-
1.094-

Signal

0.000

13.620

12.258 -
10.896-
9.534 -
8.172-
6.810-
5.448-
4.086 -
2724
1.362-

0.000

Badkground Osdllations (PAS)

------------------------------- 095
IIII|IIIIIIIII|IIIIIIIII|IIIIIIIII
10 20 30 40
Noise
———————————————————— 099
------------------------------- 095
IIII|IIIIIIIII|IIIIIIIII|IIIIIIIII
10 20 30 4.0

Frequency (cydes/year)



Ekstrom, JGR,
2001

On seismically quiet
days, equivalent
Rayleigh-waves for
M~5.8 are circulating
around the globe.

Periodicity in the stack
is dominated by
6-months periodicity
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Seismic Data and SWH

Topex/Poseidon Data
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What would create 6-months periodicit
y?

Obviously both atmosphere and ocean coul

d.

My eureka moment was

1. The oceans can cause large pressure cha
nges.

2. The atmosphere : pressure change is < 1
0% The correlation length is small.



My eureka moment

Significant Wave Height
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Rhie and Romanowicz, Nature, 2004
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Excitation of Earth’s continuous free
oscillations by atmosphere—-ocean-
seafloor coupling

Junkee Rhie & Barbara Romanowicz

Berkeley Seismological Laboratory and Department of Earth and Planetary
Science, Unwersity of California, Berkeley, California 94720, USA




Traer, Gerstoft, Bromirski & Shearer, JGR 2014

Beam azimuth
and SWH

Correlation NH Winter
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Interactions of Ocean Waves with Sea Bottom
(Scattering of Ocean Waves into Love Waves)

Geophysical Journal International

Geophys. J. Int. (2010) 182, 1515-1523 doi: 10.1111/].1365-246X.2010.04695.x

Love-wave excitation due to the interaction between a propagating
ocean wave and the sea-bottom topography

Tatsuhiko Saito

National Research Institute for Earth Science and Disaster Prevention, Tsukuba, Ibaraki, Japan. E-mail: saito-ta(@bosai.go.jp
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Questions

. Where are the sources?

. What is the mechanism of excitation (hum) ?
Is it the same with the primary microseism 7

. How are Love waves excited? (hum and microseisms)
Is the scattering hypothesis the answer ?
Question on (i) Generation of Love waves

VS. (ii) Rayleigh to Love conversion

. How are the 7100 sec infragravity waves excited first of all



Article

- Geochemistry Volume 9, Number 5
Geophysics | 15 May 2008
Geﬂsystems Q05007, doi:10.1029/2008GC001942

AN ELECTRONIC JOURNAL OF THE EARTH SCIENCES ISSN: 1525-2027

Published by AGU and the Geochemical Society

Click
H

e
Full
Article

Observations of infragravity waves at the ocean-bottom

broadband seismic stations Endeavour (KEBB) and Explorer
(KXBB)

David Dolenc
Seismological Laboratory, University of California, Berkeley, McCone Hall 215, Berkeley, California 94720, USA

Now at Large Lakes Observatory, University of Minnesota, 109 RLB, 2205 East 5th Street, Duluth, Minnesota
55812, USA (ddolenc@d umn.edu)

Barbara Romanowicz
Seismological Laboratory, Untversity of California, Berkeley, McCone Hall 215, Berkeley, California 94720, USA

Paul McGill
Monterey Bay Aquarium Research Institute, 7700 Sandholdt Road, Moss Landing, California 95039, USA

William Wilcock
School of Oceanography, University of Washington, Box 357940, Seattle, Washington 98195, USA
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Notion :
Rayleigh waves are constantly circulating the Earth.

NLNM (Peterson 1993)

Accderation PSD (m**2/s**3)
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Questions

. Where are the sources?

. What is the mechanism of excitation (hum) ?
Is it the same with the primary microseism 7

. How are Love waves excited? (hum and microseisms)
Is the scattering hypothesis the answer ?
Question on (i) Generation of Love waves

VS. (ii) Rayleigh to Love conversion

. How are the 7100 sec infragravity waves excited first of all



Geophys. J Int. (2010) 183, 330-338 doi: 10.1111/).1365-246X.2010.04723.x

Excitation of long-period Rayleigh waves by large storms over
the North Atlantic Ocean

Dieter Kurrle!* and Rudolf Widmer-Schnidrig?

Lnstitute of Geophysics, University of Stuttgart, Azenbergstr. 16, D-70174 Stuttgart, Germany. E-mail: Dieter Kurrle@Igrb.uni-freiburg. de
2Black Forest Observatory (BFO), Heubach 206, D-T7709 Wolfach, Germany
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Hurricane
Sandy
(October, 2012)
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