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MAIN FEATURES OF MICROSEISM TIME SERIES

• Time domain: modulated signals defining two 
wave-packets
– ∼ 70 s
– ∼ 17 s
each one composed of oscillations of ∼ 5 s.

• Frequency domain:
– Secondary peak ∼ 0.20   Hz → 5 s period osc.
– Primary peak      ∼ 0.07   Hz → 17 s wave-packet
– Gravity peak       ∼ 0.016 Hz → 70 s wave-packet
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• The central frequency of the main spectral peak may suffer 
slight variations, due either to variations of the source or to the 
receiver structure.

• Up to 1 Hz the spectral shape is preserved, irrespective of the 
strength of the atmospheric activity. At higher frequencies all 
spectra coalesce.

• Microseism propagate incoherently.
• The most widely accepted model for the origin of microseisms 

is that of Longuet-Higgins, a stationary vertical oceanic wave 
acting upon the seabed: an external harmonic force.

INLAND OBSERVATIONS
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TIME SERIES ANALYSIS

An analysis of the microseism time series reveals that they 
are:

• Non-stationary
• Stochastic
• Non-linear
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PHASE PORTRAIT

A plot of velocity ground motion (as recorded by a broad-band 
station) versus displacement (obtained by numerical integration) 
displays a complex structure of the motion in phase space. This 
motion follows well defined trajectories, similar to those of a 
particle bouncing irregularly in a potential well, consisting on a 
superposition of loops of different mean radius (i.e., motions 
with different frequencies) with the center of the loops 
displaying separate irregular oscillations over a well defined 
path. The corresponding motion is random in the sense that it is
not possible to predict neither the evolution of the center of the 
loops, nor its mean radius.

NEED OF A MODEL TO INTERPRET SEISMIC 
RECORDS AND MAIN FEATURES
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MICROSEISMS’ PHENOMENOLOGICAL MODEL
(Correig & Urquizu, 2002)

The potential V0 has the meaning of medium response
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MEDIUM RESPONSE

We should emphasize that the potential Vms, 
representative of the medium structure, is a global 
property, not a local one. As a consequence, this potential 
will be representative of the whole structure. On the other 
hand, the whole structure may suffer fluctuations as a 
function of the position, a local property. These 
fluctuations will thus be representative of the local 
structure, known as site effect. 
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NUMERICAL SIMULATION - 1
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NUMERICAL SIMULATION - 2
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Influence of the model parameters on the 
spectral features

xxxxSubharmonics

xxShifting

xxAmplitude

xxxBroadening

xResonant peak

εf2γ2βηα0δEffects on
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MINIMUM SPECTRA
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MINIMUM SPECTRUM: THE EQUIVALENT OF THE
BLACKBODY RADIATION? 

• For the minimum spectrum, the source of energy would be that 
remaining after the main transient contributions, atmospheric and 
oceanic, are suppressed, i.e., fluctuations at all scales.

• This situation is formally similar to the blackbody radiation in a 
cavity: for a given temperature, each mode (frequency of light) has 
a given energy. Once the thermal equilibrium is reached, the 
spectrum of radiation has the shape given by Plank’s law.

• One interesting feature is that the shape of the spectrum is 
independent of the geometry of the cavity.

• In the microseism spectrum, the equivalent of the temperature would 
be the stress, and the shape of the spectrum at the “stress 
equilibrium” would be approximated by the minimum spectrum, 
known as the Base Level Noise Spectrum.
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• In 1998, several seismology groups in Japan and in the US detected 
a background hum at the free oscillations frequency band, and 
demonstrate that these oscillations are excited even during aseismic
periods. It is hypothesized that its origin r3elay on the coupling 
between the Earth and the atmosphere.

• Gross (2000) has shown that a possible mechanism for the exitation
of the Chandler wooble (a resonance of the Earth’s rotation with a 
14 months period) may consist by a combination of atmospheric and 
oceanic processes, with the dominant excitation mechanism being 
ocean bottom pressure fluctuations.

RELATED STUDIES

Low frequency band

High frequency band

• At frequencies higher than 1 Hz the hum consists in random resonant                  
oscillations, generated by local meteorological activity (of random nature) 
plus cultural activities.
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• The primary peak of microseism spectra can be interpreted in terms 
of the resonant response of the Earth’s crust and mantle.

• The secondary peak, when present, can be interpreted as a 
subharmonic of the primary peak.

• The randomness of microseism phase spectra can be due to 
medium lateral variations and to local, high-frequency, random 
‘noise’ (local meteorological conditions and cultural activity) through 
an inverse cascade process.

• Microseim activity, as a resonant (stochastic) response of the mantle 
lies between the high frequency local response of the medium 
(random) and the (linear) free oscillations low frequency response of 
the whole Earth.

CONCLUSIONS

By similarity with the oscillatory model, we hypothesize:
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VOLCANIC TREMOR

From the point of view of a recording seismic station, it is 
commonly accepted that a volcanic tremor is a continuous 
oscillation with a predominant frequency between 1 – 5 
Hz, that may last from a few minutes to several months.
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TIME SERIES - 1
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TIME SERIES - 2
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POWER SPECTRUM
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PHASE SPACE - 1
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PHASE SPACE - 2
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PHENOMENOLOGICAL MODEL

In a first step we accept the model developed for 
microseisms.



Volcanic Tremors

5

7th Workshop NLD&EP, ICTP      
Trieste, 29 Sep - 11Oct, 2003

9ton (trem)

NUMERICAL SIMULATION - 1
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NUMERICAL SIMULATION - 2
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TIME SERIES ANALYSIS

An analysis of both microseisms and volcanic tremors 
reveals that their corresponding time series are:

- non-stationary

- non-linear

- stochastic
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• Non-linearity: shown through the numerical simulation
• Stochasticity: due to the noise source component
• Non-stationarity: due to a process of resonance

ORIGIN OF THESE FEATURES

Through numerical simulations with the phenomenological 
model, we have found the following reasons:
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LUMPED-PARAMETER MODEL OF TREMOR. 1

(Julian, 1994)
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LUMPED-PARAMETER MODEL OF TREMOR. 2

Rössler Model

Linear oscillator
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LUMPED-PARAMETER MODEL OF TREMOR. 3

(Julian, 2000)
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RÖSSLER MODEL
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LINEAR OSCILLATOR
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MONTSERRAT MINIMUM SPECTRA
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ENERGY TIME SERIES

● Microseisms and volcanic tremors are a continuous flow of 
energy. The energy can be computed from seismic records 
(velocity recorders) as the square of the amplitude for a given 
interval of time (1 s in the present case), giving rise to a new
time series. 

●  The power spectrum of this energy time series (for volcanic 
tremors as well as for microseisms and numerical simulations) 
follow the same pattern: two truncated power law 1/fα, followed 
by a wide spectral peak. 

●  For low frequencies, up to ~ 0.01 Hz, α ~ 0 (white noise), 
whereas for the approximate interval 0.01 – 0.2 Hz is α ~ 1.5 for 
microseisms and volcanic tremors and  ~ 3 for the model.
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VOLCANIC TREMOR
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MICROSEISMS - 1
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MICROSEISMS - 2
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MODEL - 1
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MODEL - 2
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CONJECTURE

A volcanic tremor time series is strongly influenced by the ubiquitous 
and always present microseisms (medium fluctuations). We propose
that volcanic tremors should be modeled in terms of an additive force 
component in the microseisms’ model.

PROPOSED TREMOR’S PHENOMENOLOGICAL 
MODEL

Where Ftr(t) stands for a chaotic source (Julian,1994), and γ is its 
strength.
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POWER SPECTRUM


