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Abstract

Retrieving Green functions between stations by cross-correlating continuous
seismic records has quickly become a popular technique in seismology for its
operational simplicity and various advantages over traditional surface wave tomography.
We apply this technique to three component continuous seismic data recorded from
three networks in northern Taiwan, including Tatun Volcanic Area array, Hsinchu array
and northern part of Central Weather Bureau Seismic Network, for the time period from
Jan, 2006 to Dec, 2006. For each station pairs, we derive Love waves from T-T
(transverse) component cross-correlation functions (CCF), and Rayleigh waves from
Z-7 (vertical) and R-R (radial) component CCF respectively. We measure group and
phase velocities for the period range from 1 te. 5 seconds. With careful data selection,
the qualified dispersion curves are- used to derive two dimensional (2-D) phase and
group velocity maps for both Rayleigh‘i%_c_i.:_Love wa.ves with multi-scale inversion
technique. The 2D maps are then used to dle-ﬁ_f_elop-a 3-D:shallow velocity structure of the
northern Taiwan. |

We also attempt to probe the sources of amBient noise by several approaches: (1)
analyzing the relative strength between the causal and acausal CCF; (2) measuring the
relative strength of CCF amplitudes with respect to their own annual average as a
function of time and azimuth to determine the background energy flow; and (3)
computing power spectra density and rms amplitudes as a function of time for
representative costal stations. The results show that (1) offshore ocean waves are likely
the major ambient noise source, and bathymetry might play a role in the process of
energy transfer from ocean to continent; (2) there are clear and similar temporal
variations for different component of CCF, implying different component of noises are
well mixed during scattering in the shallow crust, and a quasi-diffuse field for ambient

noise is achieve; and (3) the atmosphere perturbations might be responsible for the
iii



observed temporal variations of CCF.
Keywords: seismic ambient noise ~ multi-scale parameterization ~ background energy

flow
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3-2 ¥ RAATA AT

g * AR 3 4 4772 (Frequency-time analysis »  Levshin et al. 1989) | &
MELF P FEERE 7L JI* F L RACGET 02H) S 7 I EF g
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NSY—-NSK with whitening 4
Yearly CCF
V\M\/\AA/WM/\/\/\/*’\/WVU\/\/\/\AMWW\M \
-
] 3
Band vidih = 0.2 Hs Cenvalfrequency = 0.23 He g
=
=
Band widih = 0.2 Hz:Central frequency = 0.30 Hz % §
=
= 21
=
Band width = 0.2 Fz:Central frequency = 0.35 Hz || &
K
N
Band width = 0.2 Hz:Central frequency = 0.40 Hz
......... vv\.l"‘v----vv‘--- 14
Band width = 0.2 Hz:Central frequency = 0.45 H:
.....
Band width = 0.2 HzCentral frequency = 0.50 H: G
2 3 4 5
Period(sec)
0 10 20 30 40 50 60 70 80 IZ—
Time 0.0 0.2 04 0.6 08 10

Normalized Amplitude

B 3-3 i BAEECA $57 L B 0 74 NSY-NSK 3 & > (a)#-FR 4ol B2 7 o ch? &
A FEF IR 0 e d RN AR e >om Fd PRP L B X Bk

o4 DO o ARF AR AU BARGL D] > B on MO I B i P o

(b) #EHCA R % » 37 4 7B A » ¢ 405 A (B o 4 o

12



HC24-HC11 Dist = 20.35 km ;Without SPW HC24-HC11 ; With SPW
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3-3 APk BHAEATA $7-B il # Br(Image transformation technique)
ik B (far field) a3k~ ,i*zuf‘ HE R RZF RS R A N LG )

A & eh= & > fundamental mode # @ & ehfiik S ¥ 11 # = (Dahlen and Tromp,

1998 )

Re(G,, (@) exp(—iax)} = (87kS)"? cos(kABA—a)t+%) . (3% 3-1)

He kAB:C1 v 5 AB 2. B enT 35 #ic (wave number ) 0t 5 &G kA PF 0 C,, 5
AB

AB 2 FinTiajpit & 0 4 s MBiEWﬂEﬁ’Szﬁm%)’#%%aﬂhﬁgwﬁ
# (geometrical spreading ) * R} 5 = 3k L j& o
%kwrw+%ﬂ%’w$*%ﬁ&&w%%’N%ﬂwvuﬁ@aﬁ$wi

T T adn i R

A .
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PRI o AR %ﬁw&mﬁ & LT G B R BR
1. AERfr F@RAGES O 1Hz) 4 7 B TRk - BF BB E D
CCF enjmitg i it » 7 WRgmbg T4 ek f 1 2/ o Bfs » AP E ez = 4

-3 8 B2 f (time-period image ) > #=1tg ~ -] Bl * B¢ % 7 (B 3-5) o
2. U 32 KA - H PG DA Pt HE S pER (B 3-6); BY F - 0%

d 7 IR e BT A ek TR A R T D T adp i R A

A (dispersion curve ) » #* IR % f % cycle skip e
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LY

e F TTE B IR RAFATY AR o XA o JZE b cycle skip #rig & ehE - i

>4
)
(2

FRAATY MAOHER R E ’K{* Bie 57 " K cycle skip el 0 3 4t
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4, Bfs o APE N E - EARRY AP ROHEHERE > L EFH 2 455

5

kR AR R R BL 0 B L k]

Sl e

NCU-HC20 ; Time Period Image

1
=
-
—
v 0
RS
i
-1

Period (sec)

B 3-5 A PF-FH BB o HdhaFH o Kdhi A F A s Pl LB

Tz et ) 0 Fd ens AP L g dE K L 3.5Hz +n CCF -

15



NCU—-HC20 ; Red : Possible Phase Velocity dispersion curve
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Red:Phase Vel ; Green:All possible Group Vel ; Brown:ref Group Vel ,Blue: Group Vel
NCU-HC20 ; Disp=42.54 km; error=0.6191E-01 (km/s) <2 ~ 5> sec
Tyep = Z ;dist = 42.54 (Km);delta = 0.05 (sec); band_width = 0.1 (Hz)
ph_vel=1.210(km/s);gv_vel=1.198 (km/s)
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gm%;{ﬁvg;%fr s AN d-E X G CCF & Bl dpde 12 ? 3 - BELH B auE s 1t
PHEERRE @ F o e hPERASE > STE I PR RETARE S e o APy
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EU e A I O A T

A 4Hd CCF4 o A48 % # * 5 & = &5 U442 (Chiao and Kuo,
2001;Chiao and Liang, 2003 ) & {7 = Mi# & i chk 7 » %7 B8 g Ik &
AR R B AR R P R RGN R o R 8 o de Al 0 B R R
& & BRIEETS % - i R ¢ (Hermann, 2004) 0 jiA & = 4t 4 BRI enz g

B o TSR A B2 SRR FaB3E R R o

4-1 F* F € R SdE R - B R

A s wlplE T 0250303504045 02% 05Hz 2 %5 2 3k B &
MR o AT GEL (50 B L @0 e Hcked 41 B Y AP
LT b gt 7 8 i i it 2 I A T AL B o e
@7 2 b T g AR R I 0 B A 278 RRTAY B

Fol TR F R R BB S 1

F04-1 gdec R TR Y 2 TRk

Frequency (Hz)| Rayleigh (U) |Rayleigh (C) Love (U) Love (C)
0.25 485 402 315 315
0.3 493 425 342 342
0.35 497 437 355 355
0.4 496 434 359 359
0.45 485 430 358 358
0.5 454 397 319 319
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4-1-1 ROR SR

\\\

AR ALY o AP G UEBI TR R F FE A I R T
Al Flt w2 E 1

|5 i—?&#im\:g— WA fZ o ﬁ_j\,gﬂ;i: ¢y iR R R Eo] T3
i# (DLS)» i LFALehA# b prs & 5]

AR 3 -1 shde ] i Pl 2 -

i 3] ek B (model norm) > »

F=IGm—dll, +Allml,

;4 4-1
=(Gm-d)" (Gm—d)+Am'm
=m'G'Gm-m'Gd -d"Gm+d"d+Am"m
B v F:
OF lom" =G'Gm-G"d+Am=0
= (G'G+ADm=G"d .-
m=«fG+ﬂnW§d=Gd ;42

T
.'

‘BFAPR* FERF R kgt/g,a- 3‘5‘1'3“’-‘“'] ¥ 38 {7 347 ] o4 48 3% (Discrete

Wavelet Transform, DWT » G = GWT l % 1 /ﬁ»ﬁ#ﬁ" 53 ) 37233 kR R
AR LR

| i (Inverse Wavelet _Transform, IWT): £ F & &
Bend U R L 0 L kAL R s

I £ B AT
FAREAY LR E ik
Heid oA WA ST R ebo ] R RBIBN ] LR BORRBRERA
Fp o b E R UAESEEAEL 2T > X3 42T B d o
m=WW'G'GW + AI)"W'G"d

;9 4-3
m: #-3] %8 (model)

W: &5 + (operator) » i&424n ch A3 /) L 4

G: Gram “E*~  ( Gram matrix )

I. ¥ =+ (Identity martix)

A [E R F]+ (damping factor)

d: BRI F . (data)
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Bl it Slic e FREER G v an? BLE G R S o an? BRI A > B A
2X2 FHEA, E L 0 HAA S Bcs: 20 R\KEIE O - BRI ERT RBiy 4225 @
¥l (7Y +1)2=4225)° % kb & BB A) S8R F koehiid 2 f gk ]
Yol 4-10 MEF E B A o ) AT 3R el 4 fiﬁéﬁi%*{i G i S ) O
BRI R oo RARRG SR R A .

B¥ o S O@ALERB AT GEL A @ ARSI AT g
EERIERLFF A KRR FROBER  HT 2 APRTEIERTHY T
Foendmize A BB ELTAH ALY o AP AR Y E LA (variance
reduction » v.r.) 2 $-4] % £ #c(model variance) k 7 3R] B & BLPI T ey 4 0 2
B env A

ld —Gmll

vr.=1-———=2 : \ _. X 4.4
( I, ) N f-\-k ;-"\. )

m AT A2 F’*m/ﬁnvb%ﬂﬁra‘dqoffcurve’ﬁg]42)ii— S
BgAR] 0 AR R ﬁ&r|i mfﬁi ﬁi)}’iﬁ?ﬁ » B A BOAAR G K R
7R (@43)’*?"#ll@é%&”iﬂmﬁ*ﬂmﬁ#‘?%/f@
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Trade—off _curve (RZ): frequency= 0.35;

model variance *100
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Rayleigh— Group—velocitv—0.35hz Ravleigh—Group—velocity—0.35hz
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( e ) Preiod =2 () ( b ) Preiod = 3.5 (s) ( . ) Preiod =35 () ( d ) Inpur Model, 121.30, 24.58
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Initial Model Wu After 3D Inversion ;avg v.r. = 95.11330
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Model : Wu ; V0 =2.15; var=0.24
Depth= 1.0 Km
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< Z> CCF-Envelop Relative Amplitude varies with Time
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