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Basics of R.S.

GROUND MOTION is fully described by:

Translations (3c vector) > | Conventional Seismology, but...
Strains (3 X 3 symmetric tensor)
Rotations (3c pseudo-vector)

Ground rotation is the curl of the seismic wavefield:
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For plane waves propagating along the surface, rotation rate relates to
ground acceleration via the phase velocity:

ur = 2c¢y1, {2, U, = {22CR



What we are getting out from G-Pisa for
RS studies

General validation of the instrument
Phase Velocities

Propagation Directions
Cross-validation with tripartite array
Local velocity structure
Seismometer's response to rotation



Case Study 1: The March 11, 2011,
Mw=9.0 Tohoku-Honshu Earthquake
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Unique observations of
EQ rotations (tilt) by an
horizontal-axis Gyro.
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Time series, power .
spectra & coherence
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SPECTROGRAM OF VERTICAL ACCELERATION

Time-Frequency
Analysis

* Rotational components in
P-coda;

e — - * Dispersion is clearly
SPECTROGRAM OF ROTATION RATE O bse rved .
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Multi-Band, zero-lag Waveform
Correlation
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Derivation of Apparent Phase Velocities

T-F patches with significant correlation are used to infer apparent
phase velocities from a / w ratios.
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As a consequence of the obligue mounting of the gyroscope,
apparent phase velocities are larger than, or equal to, the
theoretical dispersion curve predicted by AK135 Earth Model



Comparison with theoretical dispersion
curves

SUPERPOSITION OF NORMALIZED TRACES
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Significant divergence from model for T < 60s;
waves are slower than expected. Effects of the local
shallow structure ?



Array estimates of propagation direction
and phase velocity
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Determination of the wave vector from plane-wave fitting of
Inter-station delay times [BW=0.02 - 0.05 Hz]



Correction of phase-velocity for wave DOA
determined from array analyses

oo DISPERSION CURVES
2 T T T T T T T T T I T T T T T T
° o Rotation and traslation
o Array
18 AKk135
16— —
14+ —

alw after azimuthal correction

i

From PWF analysis

Velocity [m/s]
|

B o |
0.8 o %
o
o an ° 0 4 o /
&
06F o % o o 4
o o %7 oo e © © o ©
Oﬁ o o © o o
04_ J o Fo] _
o
o
o o
0.2_ 00 o] —
%o o o o o
o
o? o wo% o Paco 0 @
O 1 1 1 |CC IG cl IC 1 Cl 1 1 I G c 1
2 E o
10 10 10

Frequency [HZz]

Not encouraging! Need some further playing with
frequency bands, and data selection criteria.



Phase velocities from spectral ratios
(wl azimuthal correction)

PHASE VELOCITY ESTIMATION

10— . |
o}
4
O
10 - o a B
iy B o a C 0
E o] oo aﬂo a
= e} 200 o g
PN = m] ag: ICE e
ﬁ a c &g A o emeth
= O o @ a ©a _, 0 g, © o
O o OcpQp0 e - 0n
9 o 50 o 8 05cb0
g . e
> 3 o o-a s O
10 | Lo} le] Oo ] (.I.::,.'z_:l,"l-
[ i ..%.;‘
I e 2
.
2
10 | |

| |10'2 | | — 10"
FREQUENCY [HZ]

General consistency with model up to 100 mHz. Above this limit, it
underestimates velocities predicted from model (see later...)



Case Study I

2010.11.03 - 00:56:55.40 43.76°N 20.73°E Mw=5.5 (Croatia)
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Vertical-axis gyro — Sensitivity to horizontally-polarised
shear waves (SH, Love);

For horizontal, plane waves (Love) - a/ w=2c
iIndependently from wave azimuth;

Correlation is maximum for transverse components -
determination of source backazimuth.
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Multi-band correlation analysis

SUPERPOSITION OF NORMALIZED TRACES

rotation rate L
transverse acceleration H
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Excellent Love-waves correlation over the

8-16s period interval !



Multi- angle correlation analysis

ant Period 9.4939 (=]  Frequency 0,10833 [Hz]
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Zero-lag correlation vs time and rotation angle at T ~ 10s.
Phase Velocities derived from amplitude ratios (cc > 0.95)
are consistent with standard Earth's models (~3000 m/s).



Multi-angle correlation analysis

0 Dominant Pericd 9.4939 [s] Frequency 0.10933 [Hz]

Tra.Acc.[mfaz]
L s

=
=
o]

RotRate [radfs])
ILJ () (a1

Rotational signal exhibits the largest correlation when horizontal
trace is oriented transversally to the direction of the source (here
270°ACW from N) - constrain on event's location!



Phase velocity from spectral ratios

PHASE VELOCITY ESTIMATION
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Phase velocities are overestimated w/respect to what predicted
by both AK135 model and observed in an independent study.

Need to improve knowledge of the local structure from
Independent data.



What's Next

1. Extend the analysis to a larger data set for both the H
and V gyroscopes;

2. Refine phase velocity determinations from a/w ratios -
Need to understand discrepancies

3. Obtain independent estimates of phase velocities and
dispersions (past array data from INGV-EGO
collaboration);

4. Establishment of a semi-permanent 4C observatory (BB
seismic + gyroscope) in S.Piero in Grado.

5. Joint array-gyro estimates of ground rotation
(if financed!)
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