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An Improvement to the Phase Decomposition Analysis

of Seismic Vertical Array Records
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I modify a vertical array analysis method that decomposes complex seismograms into body and
surface wave time histories that have been proposed by Yoshida and Sasatani (2008). In the previ-
ous study, P, S and surface waves at the surface were decomposed by a least-squares method with-
out any weighting. In the present study, the data are weighted by using the maximum amplitude of
each spectrum of seismograms. I carried out a numerical test of this method with synthetic vertical
array records consisting of vertically incident plane P and S waves and laterally incident plane Love
and Rayleigh waves. P, S, Love, and Rayleigh waves were perfectly decomposed for synthetic re-
cords without noise. I applied this method to real vertical array records from the Ashigara valley,
a moderate-sized sedimentary valley. The array records from an earthquake occurring at the depth of
123 km near the array (epicentral distance of about 31 km) I find small difference between the pre-
sent weighted and the previous non-weighted estimations.
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HUEFLER IR % RFEHOHBEI N E TN DD, TNENEZRET D Z LT s2miR+ 2k
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Z ? Yoshida and Sasatani (2008) DL TIE, $AE T L —itdkh AT iR 5T Tk
INZREEZANDE, TRTOTF—=F ZRLCEATHN TV, ZOR/NZREICT —2 OEAR
HTEEATDHILT, /A4 RCH L LV RE LN BAIREL 705 Z E RIS D, Zhic
XV, KT Love #% & Rayleigh i D RSN R D255 0RB I N D 2 EDBIFF SN 5.

AT, £ Yoshida and Sasatani (2008) O FHiEZEME#HT 5. WIC, HAMRETHWD
BB T — 2 OEHMPTEEAT D, KIS, EBREOHRET L —ERIRSHE~OBEAR R %
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Z OHiITIE, Yoshida and Sasatani (2008) OFEDCESEZE LD, T, 1 KK ELERH
ERONEOHBF PO RLMET L—BRREEZ XS, ZOBRIRICEIE TS XY ¥mP
& S, I LY Love I & Rayleigh IS AS T 2RI EAET 2. HLEATER S i, il 2
IR IUAL OHEREE 72 ST E SN BILE THIUE, ZORERRENRZ EBMEENS. Z
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b, METOKTz, y B OB u, (1), v,(t) ©7—) zZH L), D(w) (¢ 1T, o
AEKE) X, ThTh

7,(0)=8,() +L,() + R, () (1)

9,(@) =38, +L,()+R,(w) 2)
Rz RS OB w (1) 7 — 1 =5 W, (0) 1%
(@) =P(w) + R, () (3)

LREND, 22T, S, 5,@), L), L), R,), R, 1zhEhHRICHITS S,
Love, Rayleigh ¥ D x B L Py D7 — Y =K%, Pw) ]/éz(w) TENnEhHETOP
I & Rayleigh %O _E T8Ik D7 — ) M2 RKT.
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FEARPE 21T Propagator matrix ¥ (Aki and Richards, 1980, 2002) %, ZFKifi¥%!Z/% Compound ma-
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LREND, TIT, G, G, G IZNZISIE, Love i, Rayleigh I D /KNERA T35 2 HE
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BEHSbT. METOMBITHL T, a; =0, =1 £ Z2ET, K1)-B)&2XMW—6) &
FUEATETS.

R(1)—O)ZATHNDOERTEL DD L,

u = Ax (7)
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model vector (x, y, z) X, ZOEREPGKFETI, ETET2 DL EOREDER L6
DHIE, BEE/NFETEEMI LICHETE 2. 20 wave model vector %, Yoshida and
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Flw)=L(w)+R(w) (19
G =Lw)—Rw) (19
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u= AT 'Tx 15
v=AT 'Ty (16)
10 0
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~ ~ ~ T
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L, x, vy R0 — 00 FHEE G RN RIETHETE 5. Love I & Rayleigh 13,
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DHAHENE |2,(0)| (z A OHE) OWIARNS, L, ZOEETILO TOHE Y FNFKE
THAMEMED DB DT, RIS E ¢ 2INZ T EATH

W =w; =1/(u,]+¢) @2

(z 5. MO T lu,| 2BXH23) 2HV35.



HEERHRIE 7 L — Rl O MRE O R 179

ATEI DR — WD KDV 12, HADE /N RiEOIEHTEA

A"Wu = A"WAx 23)
A"Wy = A*WAy (24)
B"Ww = B"WBz 25)

% v T wave model vector ZH#EET D, ZAUT K D HETHERMFE L D EE <.

. & #r 4l

FIEOHEAMNZOHF L WHEEZT =X ICTEAL T, TOEMEEZRFTS. £9, AEO
DFEERAD . GRIEIZIE, Yoshida and Sasatani (2008) (LAF, miTh) & RERIC, 1 RIGKFES
[BREEICHE T POV RIE I BO=ZAK SV ZADOPEBIOSHBAR LI ZOREL,
175 2> HAEFE T D Love 3 X U Rayleigh RS AS LTc & EDOEF 2 FNENHEGRNICE AL
ELADE, W ORDOEITOWEEER L. AR LIRFICH L, APFFE CEAMIT 2E
ALTHRBREEZANT, T EDOWRFEHE L 2. HEFHEE I ICHRE S 17z CTS
RET L—8NS (Fig. 1) 2EL TERE L, EEMEICE, CTSEHNS TPS RERENS
HEINTbDERELK (Fig. 2). ZOFRMTHEREREDMELTLLE A, TTOKHEOWKKE %
FEICHB T X 72 (Fig. 3).
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Fig.1. Map with the epicentres and focal mechanisms of a intermediate-depth event and the location of
the Ashigara valley. The solid square indicates the CTS vertical array site.
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Fig. 2. Array layout and underground velocity structure of the CTS vertical array seismic station in the
Ashigara valley.
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B—, TROOLERIMITELIC K DMEITFER%E Fig 5 R, MBHTERO S & EREHE (sur-
face) DEWZIT 2 &, EAMITOERICEDLLTIZEALRE L THD., —F, BEBEKD
TR B e b HEEHS FE D3 R differential term OIRIZIZENTIED D2 RE2-> TR Y, EAAT
DEEPRNLTND,

HE SN Z L DR OHH TOIERITHOVWTOREMLE RS-0, #hEs)IRILTEH O HiE
D EW KA TDONWT, B EEITIC X 2P TOS MBI % Fig. 6 137, Ptk nWTh
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Fig. 3. (a)Three-component vertical array seismograms used in a synthetic test. These are synthetic seis-
mograms with no noise. (b)Results of the decomposed waves by vertical array analysis. The decom-
posed body (P and S) waves are shown in the top, the decomposed surface wave terms of the x and
y components and the decomposed Rayleigh waves of the z component in the second, the differential
terms in the third and the residuals in the bottom. Note that the residuals are zero in this noiseless test.
(c) The separated Love and Rayleigh waves.
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Fig.4. Same as Fig. 3 except for vertical array records at CTS from the NW Kanagawa earthquake (5
June 1990). These are band-pass filtered velocity seismograms with the band from 0.4 to 2.0 Hz.
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Fig.5. Same as Fig.4 except for the analysis without any weights.

EW ub
S S P
T AN AV AN AN A A W AVVVSAAA
Surface Surface \ ﬂ Rayleigh
Differential Differential
Residual Residual Residual
¢) Separated
NS EW ub
Love Love
e A A A A e e A A AN A
Rayleigh Rayleigh
0

[RARARARAL ARARARAY UARRARRRRL UNRARARARA U RAAARAR UNBARARARM UNRARRRRAL UNRARARAN | [T UNRRRRRRAR UARARARARE UNBARARARA 1
0 10 20 30 400 10 20 30 400 10 20 30

Time (s) Time (s) Time (s)



183

Time (s)

Fig. 6. The decomposed waveforms of sensors at various depths for NW Kanagawa earthquake (EW com-
ponent; see Fig.4). The solid line shows the observed record, the body wave for the gray line, and
the dotted line shows the surface wave.
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