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Why Should We Care??
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Instrument Counts

What Real Earthquake Data Looks Like
Station ARU: 7/14/89 Timor Event, mb=6.4
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Need to deconvolve the components of the seismogram
to remove the effect of the earthquake source

Receiver Functions (Phinney, 1964, Langston, 1981)

EA: for a vertically-incident P wave, most motion 1s
on the vertical component

Pgy

SO . ... Use the vertical component record
to predict the radial horizontal component,
This approximately reconstructs the P-SV
conversions in the form of a prediction filter



A Prediction Filter?
mmmiln e-Domain Deconvolution

u(t) =2 uv(t—r) H(7)
with M-point prediction filter mm) Gh=d
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Or compute a prediction filter H(f) in the frequency domain

Assumption: u,(t) = X u,(t-1) H(t) ‘ u,(f) = u (HH()
H(f) = u,(H/u, () ‘ inverse FFT obtains H(t)

Problem: u (1), u,(f) are estimated from the DFT of the
P-wave data, and their spectral ratio has high variance

Typical solution: add a damping constant to the
denominator (water-level trick)

H(D) = u (D/(u, (H+0)



Multitaper Receiver Function Estimate:
Eschew spectral ratios for cross-correlation (more stable!)

Treat u,(f)=H,(Du, (1)
u(H=H_(Du,(f) as least-square estimates

HOW?
Take K statistically independent estimates of spectrum at f,

U, () = [u, (), u, (D), u, A, ... u, KD(D)]
U, () = [u, @), u, (D), u, 2D, ... u,ED(D)]
U, () = [u, @), u, V), u,2(F), ... u,KDD)]

and solve UR(f) = HR(f)UV(f) and U (f) = HT(f)UV(f)

as vector projections, e.g., HR(f) = (U, (0)*. U,{)
Denominator has l()yévf (@r)jncpv(f)

(2K statistical degrees of freedom)




Assume we have three time qerieq of vertical, radial and transverse particle motion
[ur(nT), ur(n7), uz(n7)] = {uf vl uZ} Y-} with sampling interval 7 and duration T = Nr.

At each frequency f, the K multiple- taper spectrum estimates
Z u'y,w k)6127rfm' (1)

where {w "’)} ' is the Kth Slepian data taper for a user-chosen time-bandwidth prod-
uct p. The YV(’“)( f) can be combined to form coherence estimates Cg(f),Cr(f) between
horizontal and vertical components:

Dl e
CR(f) — K1 = K1 1/2
(T owyem) (SePordn))
: _ ) 2)
¥ @
CT(f) — K1 = K1 1/2
((Z (Y}k)(f))*Y}k)(f)> (Z (Yz('“)(f))*Yz““)(f)»
k=0 k=0

In the applications that follow, we fix time-bandwidth product p = 2.5 and K = 3, so that
the (Cr(f))? and (Cr(f))? can, for locally-white spectral processes, be related to the F
variance-ratio test with 2 and 4 degrees of freedom.



We identify the frequency-domain receiver functions Hg(f), Hr(f) with the damped spec-
tral correlation estimators

S A
e — b
(T oy +s.0)
3)
> @)
HT(f) — Kk_—_io
( (2 (YZ"“>>*YZ"“>) s So(f))

The damping factor S,(f) is a spectrum estimate of the pre-event noise on the vertical
component.
The variance of the RF scales with its squared amplitude

var(Hg(f)) = ((;:§)621ng()}§)2) |Hr(f)[?

(4)

wiltin(f) = (oot i)

The formal uncertainty is small when coherence is near unity, and large for smaller coher-
ences. For (C,(f))? = 1/K, the expectation for random noise, var(H,(f)) = |H,(f)[*.

We compute time-domain MTC receiver functions Hg(t) and Hr(t) via an inverse Fourier
transform of Hg(f) and Hr(f). To avoid Gibbs-effect ringing in the RF, we lowpass the
spectrum up to a user-specified cutoff frequency f. with a cosine-squared function.



The coherence between horizontal and vertical is spotty!

Station ARU: 7/14/89 Timor Event, mb=6.4
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Station ARU: 7/14/89 Timor Event, mb=6.4
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Average P—Coda Coherence
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Park and Levin (2000)
Multiple-taper correlation

ARU

Levin and Park (1998)
Time-domain deconvolution

RF sweeps, 1989-98 data

Freq cutoff 1.5 Hz
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Statistics and frequency-domain moveout for multiple-taper

receiver functions time(s) Slepian Tapers
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Spectral Averaging

Window Length Effect on RFs
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P—-SV Rotation Check
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GSN Station RAYN
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P-wave data

Moving-Window Migration
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Backus (1965) parameters for wavespeeds

pa*(§) = A+ Bcos2& + C cos4é

pB*(&) = D + E cos2E.

§ is the angle between wave propagation
and symmetry axis

¢ is the strike of symmetry axis Figure 2
v is the tilt of symmetry axis Conventions for angles \ (tilt from vertical) and ¢ (strike

clockwise from N) that describe the orientations of a symmetry axis




Model for Synthetics
Test model with tilted-axis in middle crust,

0 . . . . horizontal symmetry axis in lower crust
10 :

] : Compute synthetic receiver functions

---------------------------- - for 471 events at GSN Station RAYN
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5% P and S Anisotopy: 471 Earthquake Locations
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5% P and S Anisotopy: 471 Earthquake Locations
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GSN Station RAYN: 471 Earthquakes
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Receiver function interpretation 1333
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Figure 1. Shear wave splitting of Moho Ps phases can be explained by the three crustal models shown above: (a) uniformly anisotropic crust; (b) anisotropic
underplating at the base of crust; (¢) mid-crustal anisotropic layering.
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GSN Station ARU: Short-Period RFs
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GSN Station ARU: Long-period RFs
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e We have developed a frequency-domain RF inversion algorithm using multiple-taper
correlation (MTC) estimates, instead of spectral division, using the pre-event noise spectrum
for frequency-dependent damping.

e The multi-taper spectrum estimates are leakage resistant, so low-amplitude portions of
the P-wave spectrum can contribute usefully to the RF estimate.

e The coherence between vertical and horizontal components can be used to obtain a
frequency-dependent uncertainty for the RF.

e The MTC method appears to be superior to two popular methods for RF-estimation,
time-domain deconvolution (TDD) and spectral division (SPD), even if these are damped to
avoid numerical instabilities.



Comments on Crustal Anisotropy:

0 V_ anisotropy has stronger influence on Ps and Sp converted waves
than does V anisotropy

0 Atilted axis of symmetry generates larger Ps and Sp waves
than a horizontal symmetry axis, particularly for near-vertical incidence.

0 Sheared layers with the crust are common, but are better to
isolate with short-period Ps receiver functions than with Ps birefringence.

0 Gradual gradients of anisotropy within 5-20-km shear zones
have characteristic signatures in RF back-azimuth sweeps
and may be detectable in data

0 Sp converted-wave amplitudes have harmonic dependence on
back azimuth and may be useful in constraining anisotropy at sheared
interfaces and sharp gradients within the mantle and even the crust,

if high-frequency data can be obtained across full range of back-azimuth.
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