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Wavefield extrapolation (no P-S conversions):
Similar to the migration in exploration seismology

Representation theorem with Green’s functiion G for scalar waves
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‘Wavefields observed on the surface S l input data: U on S

Reflection seismic data: Nearly vertical incident wave on the surface
Use of the Green’s function with the mirror-point source at R’

G =0 on S P N T Etiing)
Without dense coverage U on S, however, low resultant resolution

With uniformly distributed stations, good results are obtained

not only for synthetics but also actual seismic data, but

What if stations are sparsely distributed (as actual cases)?
X
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Degraded even
for synthetics

Worse situations
for EEW,
considering their
insufficient station

distributions.

Without pre-deteminating source location and time, the
wavefield in the future is estimated ONLY from early
records for EEW. The previous presentation by Dr. M. Hoshiba
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Radiative transfer
theory for S-S scattering
with envelopes

This study:
Extraploation of wavefields as a boundary value problem

Importance of their spatial derivative (velocity & direction)
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(reflection seismology) (a) conventional
is NOT valid for horizontally (Dirichlet) - _ ._U(r;t) -

propagating waves in EEW. VNN~

(b) Neumann U(r.
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Comparison of Kirchhoff vs Neumann extrapolations
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Resolution improved even with sparse stations
(Should be more effective with noisy data in practice of EEW)

Variations in apparent velocity from region to region

(both events are shallow, around 10 km in depth)

Nagano Pref. (central Japan)

Central plain in Hokkaido
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The apparent velocity in each region must be known in advance
although there exit complex internal heterogeneous structures.

Extrapolation from sparsely distributed stations only with

limited angles : JJjiB 5 2 3 .
e stimated errors in propagation direction

Improved
spatial
resolution
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So far, O.K. with
(a) theory
(b) synthetics for simple background media

But the earth is highly heterogeneous,,,,

Since we express a wave propagating over the surface
with [T ) - We may need to consider ONLY

large variations of apparent velocity in observation.

Difference in apparent velocity by focal depth
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Events around Hokkaido

The other way around,
focal depth may be

ORIy (KLY estimated by apparent
velocity.
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Apparent velocity also varying with epicentral distance, particularly

for deep events: Effects of incident angles and Pn (under the Moho)

Hokkaido SW coast, depth 10 km  North coast 270 km
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We also need a quick estimation of  [RACU
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Can we estimate the propagation
direction with a limited distribution and
density of current stations for EEW?

Relation between velocity ¢ & focal depth d in four regions
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Apparent P-wave veloc

For our extrapolation, an appropriate velocity in Green’s
function is important on a case-by-case basis.

Apparent velocity vs. epicentral distance (each focal depth)
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Distance dependency of head wave-type Pn is complex,
but our estimates agree | /' (@=0.7~08)

(an empirical relation of Utsu (1999)
<remark>

This range is covered
in_the previous slide.

Epicentral distance (km)
Nearly constant velocity for events shallower than 50 km

Example of propagation direction and velocity in an early
stage of event occurrence (central Japan)

Early portion of five reocords
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f-k analysis gives a clear peak!
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20.3~5 Hz

The overall expanding
wavefront can be imaged,
so that we may even

estimate the epicenter!
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Summary
Direct extrapolation of the early observed wavefields (records)
Since apparent velocity and propagation direction are estimated with a
dense network, spatial derivatives of waveforms should be introduced.
(1) Resolution and stability improved even with non-uniform and
sparse distribution of stations

(2) Green’s function propagating on a surface with reasonable
velocity required, depending on regional, focal depth and distance

With the current Hi-net/JMA network in Japan

(3) Velocity and propagation direction can be well estimated by f~k
array analysis, including the image of a spreading wave fronts
near an epicenter ( < 100km with the use of 0.3-5Hz records)

Not presented due to the limited time: Future perspectives
(4) sit ion to enhance correlations among records

(5) anisotropic behaviors of “a zone of abnormal seismic intensity”

P-wave data alone can only estimate P- but not S-wavefields.



