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Analysis of 3D sensitivity kernels of the finite frequency surface

wave tomography in shallow subsurface
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Abstract In this paper, finite frequency 3D sensitivity kernel is studied using the mode coupling
method under the assumption of far field and Born approximation. For the horizontal layered
reference media, which is always encountered in the application of Rayleigh waves in geotechnical
engineering, 3D sensitivity kernel of the perturbed surface wave amplitude and phase caused by
the perturbation of the shear wave velocity is computed. The effects of the mode coupling on the
kernel are investigated. Studies show that under the JWKB approximation the 3D sensitivity
kernel of the perturbed density and wave velocity is reduced to the 2D sensitivity kernel of the
perturbed surface wave phase velocity. That means in the first step for the pure path averaged
inversion the finite frequency surface wave tomography is similar to the traditional one based on
ray theory, just replacing the 1D sensitivity with 2D sensitivity kernel. If the cross-mode coupling
is significant, however, the traditional two-step method breaks down and the shear wave velocity
should be directly inverted by introducing the 3D sensitivity kernel in finite frequency surface
wave tomography.

Keywords Finite frequency, Surface wave, Sensitivity kernel, Mode coupling

EE&TE HEZRARF¥ILSE (40974032 B HY.
EEFN  ERE.H 1976 4 BIBFFE 5L, 325 N 01 35 A0 T8OR MR 8RS 7 T B9 BFSE . E-mail : laiyulu@ cea-igp. ac. cn



56 i BR ) PR 2% R (Chinese J. Geophys. ) 54 #

1 5 &

HiL 7% 2 M7 AR S T 58 Bk P 30 485 # R 2 i

W EZTB B 20 4 70 4EUL R LK iR
JEMT UG T3 v A 45 VAR S I BRI TED 38 2 BT AR
T2 A T AL A 1 LA S R B X TR Ok
W o TA Ry BT 3% H AR IR RN 5 0l 1 JL ] 5 4k B 22 A 4k
Xof T TR SR 130 DA O I Y 3% 422 R R RN Bl 1) K IR
ZAL R X 2 H 4 R 2 BUZR M R T7 vk i BRI
B SR 5 2% B A8 AN A2 I 3 BRI 1 — 1> i A0
oL, ESE PR M2 I SR 3l S A AR A AR
Honiy T PR 2 B 5 8 1) 1% 1 AN 22 i FRATT AR O S 46 1Y
TCBR 7S () DX S8l A% 1 o T A2 4 R 30 0 G 4R T A — A
PRBUA PR X 3%, % X s FR b 3 3 B X (Fresnel
)
PAARIBEE I AR A 1) o A% e 3 T 5k 4R 338 10 7
2 HUA B2 3 1 A 5T 2 B 3l 5 e 5 1) B I X
4 Bl it BCAE I A 4 A1 BCRE IR L I S 2R AR R e 12
SE I X RO BBME S B I X T A Ok
o 1E J2 R 3 oA Ao %) 0 3 5 % 2F 2o A 3 A4
(1) 22 Z P R R AT 10065 3K B AR B 0. X5 T BRI 3
(498 5 » B AR 1 SR 8 RUBE R 3 7T BE L s A
B A B 4, X R B 5K 1 R U AT DR
(wavefront healing)""*, Bl i 35 1£ & 15 &5 14 38
HI T B FOAT S, ok B 3R 38 54 S AN 5] D7 1) 9 5
FAVE T . 23 B S AN B 7E AE 24 S0 1R 9 AL 16 5 | ke
8 5 I 1) B T BRE AR (5 45 8 I Y U R 2 — Hd
TCENE S B AU a0 R AT 98 R P G 4 B o 25
T A B e 1 15 DATI R TR AR 5 R AR I R
BT /N ROBEAE B A 44 AT BE 51 GE Y Bl
ARLOO S Bl i AR A B 2R BEAE  OF R R X B IR
& BT RIS W T AN REAR L Ay BE /N ROBE 1Y)
= AEAR A . St AT T A B A 8 7R
JEBT GBI R R SR M AR A Y
BRAN JBOR UL o S v 2 Y RS AZ L BERAEA BT 2
B Bl R I P 2l R RR BE 0 ) B S A AR
AIFPEJE AR . PR 3 b HE 1 SRR Oy A A R R
(banana-doughnut) Bl IR ZHF R FH LB TH
PR AT 38 44 8 S IF R0 0B 7 8508 A% L JF8 HER T R
b R B M 2 AT T . A S R
IR A R AT 246 T I8 A4 1) R

Hy T T8 98 1) 20 A A X 2 ) A s D T O
JE T IR B Z 4ERAAE A E I R AN 8] A R AT

zone

RTH ) = RO IR R A A — AR R IR
B X BR R M 3k 455 A L A ik 3 A B GE LF . Zhou
(200D BFFE T A B A5 2 181 38 )2 07 AR i R SR
B IR TR R A R S TS SR X R
WFFE B 8 30 Fh 5 pEY R AR 1 A% 1 S R R
Yoshizawa and Kennett(2005) | 3% F % — Fp 5 127,
Fe T AT Rytov 3L FFH 1 35 e 09 os . g5
T PR B R B AL XN T 2 R E R,
Friderich(1999)" #1 Maupin (2001) %% 1 2% 2 & i+
25 T [ 1 R 45 ) S A 5 T OB T S B
1M HAL S T p . H i dor ki A T
A PR 22 T8 U AR . Dy — Tl Ak B T I HIC B
JE AR AR A4y O AR ST B G 4 B X T
BAT 21 A 3t 5 B0 55 4% 18] 5 4% A 5, Chen and
Tromp (2007) W AFF 78 & BT 1 U 1% #% 2252 13
DS L IX 13 DS B 21 A1 S 5 A
AR 4 45 . Sieminski 5§ (2007) 2k £ B 1% T 77
PR T A S A X 13 A 2 B0 T
RGFERL I BT T A [ 2 B0 AS [ 45 2K 1 3 572 1)
AN /N

VAR 2 AH B 5 T I o Al T SR B O RE R 0 4 K
FR A3 PR A v 2 LR R b L T T sk A 1T
T2 RO T T I TR 2 R R e
XF G2 S 51K 43 J2 A B A b e A 2k 1 HE S 1Y
o i 422 AT IR A 5 o B BT I8 A AR £ L 4R S X
ARIC I 2 S R A 2 1Y) 5 U I R T G g X
£ 5T R RE 9 A0 B, AT LR A5 10 X JA ) =
Y T 25 R0 R R B R AR M 52 2 A UR 2R AL X
AN FE RN 5 KT 43 )2 0w B AR B AR P . AR AR
FLIE Y = 4 03 25 4 g o 22 2 D8RI T 35 1Y = 4k
ST 5 A TR Ve J2 B AR S, ik A A H s B4R
HRZE T O AN A A T R A i T
I S A (H 32 B AR P R — S R AL U
RN P S g0 W 9, I ELAE S v o AR R A 1 A
2 B A 18 S BL AN S B % A A B A
S B — > B2 AR R 158 = 4R AR 3 X HIUH
Y 1) R A ST R T I A 1R B4R AR P i
FH S T BRI R A 5 15 4% 1w [ P A B
TE A Jo3 %% B I S 4 2l %) R B0 A — S BB
BT+ 43 B AT BR AT R 1 ol = 2 R A0 A% AR AE L 5 5%
LR A5 0 72 BORE A B S )L B R AR = )
T 5 2 BRI AN B A 3R PO T I 2 AT AR, B A4
T 98 IO S = 5 O W EAT T RO TR A PRI
= T ) PR s A B



14 R B4 T2 A BRI 1T AR P 3D R 2 BT 57

2 PR T RUR G SIS 2 R

UnTEL 1 P o AR AR G0 08 T2 AT ISR B T
WY HE PIA 15wl 0 O B % A A% 40 o o b PR
T DI N AN [R) e A2 A 6 10 1 5 o AR A 20 B — R
52 8% A4 14 TR 9D A S 8 i o 08 F 9 DX I A o e L SR e
R S £ 25 3 AN (] B A ) B A% X T A R 4 ) THT 95
R HEAT L5 0 T AR L R AR 1 2 A
R EE 1A 53 B IE 3l A A R A 14 Jrg A E ) AR NS
B Z 1A & & L AT LLTE 2 0T 5 26 19 A2 AL TR X
%‘:_{ZT—\‘[/IO:

L[ &
c L)y ¢ d, (D

¢ SR TR A BRAR AL 1 00V RO o J2 T AR
AT BRI SR BRAR L+ 5 R AL ¢ 13
gyt CT [R] A2 5 Jif | © Fom iz it sh) g7
SN BRRC LR R TR e A I B2 0 A (] ) S
9 E R XA R T LA B AN [ ] 40 6 T 9 A
JEE G A P XA AR AR AN BT S H o o 4
9 » RO K SF-J7 1) % 90 JoHE AT 51 0+ 0 DR BEE T 1]
T 5 R S B8 ) 78 A o T 9 D 5 o TR R S I
S B ph T A I TR JBE Y R I BR800 A DR . A ]
(D RBE AR T 7. 2 1 B R AL e
Bors HA.

I a2 TR AT R — 2 X — PG
27 AN [ Je 0 e L % 38 7 1) 1) 248 2 ) 4 T 942 H 1o 52

T RIS S I B B AR AL R B B U A2 8 R Y Tk
SRR TE R B BEAR T 5 4 T T IR A X AR E B BOR B
s &8 [ (Maupin, 2007) 1V
Fig.1 The ray path along the great circle connected the source
S and the receiver R. The mode eigenfunction is also

plotted below the ray path. Adapted from (Maupin, 2007),
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Fig. 3 The dispersion curves of the surface wave for a two—layered model shown in Table 1(a),

and the normalized derivatives of the phase velocity with respect to the shear wave velocity (b,c)
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Fig.4 Finite frequency surface wave 3D sensitivity kernel (K4 and K%) of the fundamental Rayleigh wave

with 336 Hz without taking the cross-mode coupling into account

(a) and (b) are the projection on horizontal plane at the depth 10 m. (c,d) and (e.f ) are the profiles along AB and SR, respectively.
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