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*1 SHHKEEMEBERNUEBESHR
) BT AR /() KB/C) WE/m SRR/
1 N & BAJ 30.98 103.41 1300 100
2 EEata BAY 30.92 103.47 1150 100
3 BEma GHS 31.09 103.56 1170 100
4 RpHE LYS 31.03 103.61 1250 100
5 e A MZP 31.03 103.54 850 100
6 TS TZP 31.07 103.46 1070 100
7 WA YZP 30.87 103.57 766 50
8 iR F A VAV// 30.98 103.55 1030 100
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HH G BR R, RIVZ 36 4% bR e B0 CCFs s QRIS % M MRk 88 REF, Jf 1153 54> CCFs 55 REF &
B AR A5 XS AN [F] 6 3k X6 [1a] AS (] B [0] 4 203 1) 502 Bof 0B 3R R 477 225, (el ] — > AR X 3 8 34 )
—BULBAE (Av/v =580 B fa] FAE L (Lecocq et al, 2014 ) S SRAE 4 DX 3t F 4 Jo 0 1Y 221K

A ] MSNoise 4 (Lecocq et al, 2014) 2 BRECHE o 22 HC1F C 0T T 8L 58 22 K1l
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AR SCHIF 5 04 S A XM A Jo B0 18 00 22 1, TR I 7B 5 45 21 A3 7€ BT S8 19 CCT's 450
G, TRATT U o B TUAL B ARAT R A SRS, DLORIE CCFs M BT &E . 45 15
AN 5 il 14 3 22 BT B 6 O URE R — A SCF AR S AT PR B, fu 4 5P 1 RKAL B,
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W GE 8 B, FECOR AR BRI — Ak, B A RS R, B RO A S — AR
MH , 3 23 5% e BB 1 4387 5 o T RO bR ME AL 35 T A5 bR oA =X 0 A U A3 BT i
FOPBE (RIA L ,1979) o T34, A6 %5 BOHs 04T 35 B A L A FRT 38k iF, 25 50008 1) 74 i AN
R s S BE BAR G , DAL 55 PR B 40 28 0 s AR AL B, LA 5 41 7 i 7 A B[R] 5
B EAE o AR SCHIFFE A 2 PR DX 2 A B I8 3 1 A8 A, DG T 1) ARRT e 43 B A L, B DA 3R
fITEEHE T 0.1 ~2.0Hz WU I S 80 S T 1138 i R AR it i, B BB B SR AR 31 10Hz, S T
/D 3 FR AT S AN (T Rl BT AR AR MR R R A B e, AT B AT T A 1] ds
— AL F (Tukey,1962) o 2 T {55 75 A [A) 530 28 | (% 6 i 50 O M 4, FR AT 0 £l A7 13
b 3,
3.1.2 X HARBRZBAAMN DK

I 5 MR 75 B8 ICHE R 25 A4 15 5 B AR R F B AT 3 B9 3] 20 i 42 50,60 4E AR, Aki
(1957 ) WAk ] LA FH 5 S e 7 B2 U, 45 g vl %) T8I 98 A3 #3501 5T 5 Claerbout (1968 ) 42 4 1] LA |
FH S5 M 75 R 2 — 28 2R A 0T 04 B SR A I o IS R AR A I R B ) g D 2 A K B il 752 2 B 5
Hh, BIVSE o X6 O BH 25 1AM S AT AR QTG Bl b R IR T 7S i s B i £R ( Duvall et al,
1993) . W o , Mo HOAH OB AR 7 75 2 I AR 159 8 Kk g . Weaver 5 (2001) 7675 2% [ 45
HH T BRI S 0 B AH DGR RIVAE S DA K A i B ATL 1 D8 3 v A SRS bR bR SOk T B Bk
PR o TF B2 AR 1 S 00 R R B T — A B M AR P R IO R

e(x,1) =Y a,u(x)e” (1)

S L e BT 5 KRR 0, WA R R, o, o HUBR 19 7S GE 7
FAAE A . 2 00— T R S A2 0 2 A X L7 B
(aa)) =8,F(w,) (2)
sk, 8, 4 P R R F OB R L R (2) 15 LI BT RN I 2 L L 3
Ly SR I 2R
Clxy,m) = 3 Flw,)u,(x)u,(y)e ™" (3)

Ao, 7 NI REE B BB, N (3) 5 vy sl FCSE RS AR eR BORT EE , A28 — Ikl [ 7
Fo G, M A8 R AR B 1 5 A3 1 56 &, al A0 iR B 2 5 4 bR e B, X I
e MR AR 1 B SRR . 2R, 107 R AR W TE P 52 (Roux et al, 2004) il Ml 52 2% ( Shapiro
et al, 20042005 ) 45 458143 1) 1 U ) K JE
e b ARG I (R A TR SR A o 2 2 RS (o) Ly (o) B R HLIM 22 46
Gr e XN Y () A e i) B AR 5 28 5000
CH=X"(f) xY(f) (4)
Hor , X7(f) 9 XCf) B9S2 L5050 C () A8 L S A8 46 T S I ] A ARG (1) o
AR 1R K 73 B 48 Brx30min (50% F ) , 755 5380t B4~ 5 3 oF (19 B BEECHE At
HAHRBI I B I S K B 22 B0 ks pReR & CCF ., 72 I & B IS, 22 N O 5 REF A5G
B2/ CCF T ™ A uik ZU A A2 46 s DI FRATT 23391 A 10,30 .50 KAF g # 3 %7 , B 345 CCFs,
AR AR DG BE , AR A% B Oy AT RE Y S A2 1L o 181 S o, LA BAJ-GHS 5 3l %}y ], 7R T HAH &
U 2 B A% AR e B L 50 KOV Bl 8 B Ja I RE T 18, IR 22 1 A TR 19 3 2l 7 3K
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E 5 BAJ-GHS & uiXf 50 XZ& M CCFs ffig i TWE (a) |

L PR K K 2 A8 4K (b) (CCFs 5 REF H.AH: R4k (¢)
Bl (a) FHELRRR T IE U 3 8 ~20s B9FE4Y s B (c) o1 3 21 IR 40 5 A 10,3050 K ¥ 8 7 i) CCFs
5 REF [ 5 56 2505 1 il 28, 7R 6 103843 D9 IE 14 5 8 ~ 20s
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731y CCFs 5 REF (ARG R Eih 2. M & 5] 0L, 10 K 2 1A 09 B AH ¢ R Al 2k 1 3l ¢
B2 ,30 .50 K3 3 o 1Y BAH ¢ R A 2B V-1 L BB O W 8 AL
32 HEEREIR At

R T WEGE PR DX KA R T AN [ R BE A BT S A S A A3 AT K A ) KB i AR AR
AT AT 1~25(0.5~1.0Hz) 2~45(0.25~0.50Hz) .4 ~8s(0.125~0.250Hz) 25 3 /> J& 1 ik
i MR B T AR (TR 6) , bk 3 AN B B4 BRI 0~2 1 ~4 .1 ~8km [
I 52 A U

P 6 i T T 35 8 7E A [ ] 300 A UM (4 Liu 4% (2014))

3.2.1  FRIRAFH #4Hk & 4 REF
WIS 25 4 MR REF A 2 Bl i, BP4a 568 B i i FAH T & ik (Lecocq et al, 2014)
7K B K B0 R A 5 D A L RS i B DR AT 3 4B A o S vk B n i A Y
CCF Jii 2 REF, &l 7 03R4 1) 28 Xt 5 34 1 S H A& MR 50, AR HE1T T R T &0, B 72 )8R
i 7
322 G ARER
A S R 30t 1 BB Ty 2 S8R X E B R A, %07 35 B Ratdomopurbo 4§ (11995) $i
H, f B Poupinet 45 (1984) FI T F 5% Hb 5% Xt =22 (1] Ay AR b 32 A5 ke, H I o5 2 7 00 6 3ok k1 7
TEEL, 0T LB B AH OC R 85 P A OG5 45 171 58 . Brenguier 55 (2008a,2008b ) A1l FH % J5 i 56 Jig F
FET 35 B E IR 4 00 L i A J5 A A X I 3E AR £k B 2004 4 Parkfield Hb X 6.0 2% Hh 7R A 5 U
S5 N M T J2 Ml A SR AR R AR AR . Clarke 48 (2011) TE4H 3R T 8 2l %3 1 B3 J5 vk
(10 J5 BN A5 B, IR S0 IE T2y 1% M T b 58 I8 AR A 114 40 B SR RN A o
158, AT 75 CCFs 5 REF 4y Ui 2 BB M , K735 KA B, 9% J5 381748 B
HATE] F () FF () o HIE X(f) B LH
X(f) =F () x F.(f) (5)
o, SRR B R G S o FE AT R I, A 4 1 R D AR R o R R 1) A DG R
e K. i) HESAN
X(f) =X e (6)
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K7 28 %R EI S H AR (ST &)

Kb, o(f) NARPEARDL , B S 805 f R ] O¢ &
@; = 2mwAlf,, % m =2mAt, W &, = m-f, (7)
XFF AR A 23 f FAR AL @ , AT 38 28 e/ 3 AR M B IF AR A me, XL iR 25 4 e, , XF
IV & o R
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g
w; = 2 X/| (8)
l—cj

K, € BAHRREGX, HEE, XAAEAXMRIATE T, GBI 1EAH O R EOM X R & 2
HigRe RSN T A BB NAFMNE, BEXX(TDP A S mWXER B m e, 5t
SR LA 20, BUAT 4R A5 15 3k X8 (] %5 W F AN [] B5f (] 5 3l i 38 B S SR Ar SR 25 ey, o
33 WHEEHETRETLAY

BB AR XS PR AR A Av/v FEZS 0] F 25110, 08 46 5 AR XS A& A8 1 A/ J& 40 S8, B
Av/v=-At/t( Ratdomopurboet al,1995) , # [EF| &y [EIE (55 M AERE LS .CCFs 5 REF ¥
FHCHR B SE 3R A SCIE$E T HAHSCIE R B B 1 8~ 20s &4 (&1 5) , LB 43 Ay 1 U S 2 0
BATH 28 21 15 38 X5F (A1 A [ B () 485 sl 19 A 5 S 3R Ae B X 7 119 38 25 e 6 AT S35, 45 21 22 X 4
TR 7 R A B P H i Xey, o RT3 AN A, FR AT 43 503 i e/ — e A 4k
[ 09 575 Ar/e, g T U/ 2, B4 I R T 44 45 i 5 J5 5 ( Lecocqet al,2014) , 1l

Bf = b, (9)
(1, - At,
) Yo = (1)) A, (10)
Zpi(ti - <z>)2
/H\:qjapi AL E
p=— (1)
b X LAY U5 22
& = 1 (12)
Zpi(ti - <t>)2

B KRR (9)  FRATT A TV DX o F A 5T 7 243 B AR el 3 5 e A/ o (T 8)
4 Hp5TR

AR SCHBIE 5 I ) B A & 1 S8 PP AH K R 3 R RS 5 KR 2 itk K ek R 5 ) R R
FHOCHRIBCT PEIX 28 21 5w Xf ] (1) 2 B0 46 AR R 4 CCFs ., [&] S L BAJ-GHS & 3l %J hy 9] Ji& 7R
Bl Xf (B ) EAR DG A IR, X X B T M 2 AR EX (B3, o BEA Rk
PEo B S thal DLE K A28 ) CCFs 5 REF 1Y HAH 5C R B 2 A%, IF7e i /] 1A
— LR X PE ML FRAE T KAL) T DX kT A B i A AR A A ORI ELAE DG 25 R
SREE 0 H g, X 1 ~2s(0.5~1.0Hz) .2 ~4s(0.25 ~0.50Hz) .4 ~ 85 (0.125 ~
0.250Hz) 45 3 A~ J& 1, T35 1 28 41 & 3l XF [B] AN [W] B6F 18] 485 2l 1) 5 I SeE 3R, 3 A ] 99 - ) o 1t 2
0~2.1~4 1~8km MTREE . He, o FH I S R 30 4, 3 3k A 2 e Tl 0 4 412 28] 77 2 X
A BT B AR R AR A (T 8) o T LAE Y, PR XM A 5T A X R AR A A 0.1%
IK K AL B 0 4E) 28, 32 5@ o ) RNE 2 Rl R SZ R R A T, Biot(1956) 1A, FL BRIk
23 1 T 240 8 1 R O AR BT U0 e ) B . R IX AR BR R O F HL A BT B 0E A
8 1 3 A JE I, 1~ 28 Xof A 2k N A8 A J5 RH R i 3288 722 1 g5 R, 28 AL i BE B i T 0.05%
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B8 X M T A BT 349 A X A AL Ao/
TR T A AR T3 UCEE K T S AR AL R B K PR e i K B AR T O R 4
LT B X7 R+ AR IR VR T3 W85 AKX I 00 Aw/v 10 55 AR B /ML 2T €6l 4 36 1

X FAERFEMIKAE )T RIZN B EERTERE,
4.1 F 1 XREKRKiK

Hi [ 8 AT UL, 7E 2005 4F 9 J3 30 H 55 1 R KRR E5 /K F, 7K A7 5 AH X I8 3 A8 1k 1% A B 5
KFR. FHAKJGE 10 KA, KA 760.36m MU GH T 28 835.91m,3 > Ji] % hiz (1 3 4> VR BE 1Y
A5 AR XI55 3 Bt 2 [ i s ARG, 50 D abb B K 7 1 P R 5 SORE 6 D8 AR b A S R A
BB R0 T 2km DI EIRIZN BT Z G, 7K TF IR T 7K, % 7 Al A X ip 3 2 32 7 T
o
4.2 F2REKRKIMK

95 2 IRFE KR T 2006 4 8 J 15 H,2006 4 10 A 14 H /K A7 b A3 e i {4 875.18m,
HTIR 3 AN TR BE 19 A Jo R 6T I8 88 i = R AT, A 6 W1 J g ) (RSB, HErp 1~ 2.2 ~ ds X 7 119 A
Xof i 3 L () B o B e /ML T 4~ 8s AR G D A 1 AN 5 A B B e /IME . 3% Ul B E 7K
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Z AR KT T B @A R 52w AR R s A8 A i) EZE R, H B IR 4km
AT BT o TS 2 YK R AR v, 3 A4S TR EE X I ) R KT i A Ak B A SE AR B L P [ B A
i RO E, X IS B AR T 5 R IR T Skm A2 A5 KT
43 FIXREK

55 3 E KT 2007 4E 12 12 H B FH3] 873.39m, 3 /> i 1 1% AH T I8 38 JL T[] B o4 3] 5
AMA 5RO AE R — 3, BA O R B8 -0.81,-0.66,-0.76 (& 9) IS 7K Fe g Al
BB A 3[R 52 00 5 A B G i A2 Ak, K 288 By 8km LU B K2

B9 58 3 YRR K I Y 7K L 55 A0 X 35 A2 Ak 1Y fee /s — 34U il 2k
R Ay 7K A3 78 AR T 25255 R 35 I8 0 i 4 ) AR K AR B

£i b AR SO R SRR K % 3 R K B 2 il Rkl R AT T AT, e TN R B B
Wi AR o R AR A B B R IB R TOKAEA FIR A Bh B Bl . 45 R R W] AR KAl
IR IR AR 3 K T, R X 98 3 78 A -5 7K A 78 A B AT D A8 AH S AP 5 T 7 22 0 9 K A7 i 20 28 i
R rp R T WL Y SRR S, RIZKAE T 8, R X D T AR ARG, 7 2 ARG, AR A B T e 2%
Bk 50 1 RE K, TR )2 5 B0 O B A A i) 1 22 N s Tl s 2 IRE K, B B A
PSR EEN A o 7R3 2 WK B a8 B A R W 2R 4km Ze A7 B W2, 1656 2
YOt 7K 2 B AR AU B B A T E e B 8km ZE A BT
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688,

F = AL, 2001, DY ] 5 B K R DX K SCH BT 5 AR BT A5 AR RIS, U1 M RE L (2) ,6~ 13,

VA FL, 1979, PG 43 T HE At , 100 ~ 104, Jb 50 52 0 AL o

JEDGR, (B TH 08 R R MRS, 2010, 7K FE 5 A Hb AR I 2 38 AL 55 PR KON 2 R 18 0 4o R 1Y O R —— LA SR R K R A 441, st R 4 B
4% ,53(11),2651~2670,

Aki K, 1957, Space and time spectra of stationary stochastic waves with special reference to mierotremors, Bulletin of the
Earthquake-Research Institute,35,415 ~456.

Berkeley Seismological Laboratory,2014, Monitoring of relative velocity change following the 2014 M ;6.0 South Napa Earthquake,
http : //earthquakes.berkeley.edu/ ~ taira/SNapa/SNapa_Noise.html.

Biot M A, 1956, Theory of propagation of elastic waves in a fluid-saturated porous solid,I. Low-frequency range,J Acoust Soc Am,
28,168~ 178.

Brenguier F, Campillo M, Hadziioannou C, et al, 2008b, Postseismic relaxation along the San Andreas Fault at Parkfield from
continuous seismological observations, Science,321(5895) ,1478 ~ 1481.

Brenguier F,Shapiro N M, Campillo M , et al,2008a, Towards forecasting volcanic eruptions using seismic noise, Nature Geosci, 1
(2),126~130.

Claerbout J F,1968, Synthesis of a layered medium from its acoustics transmission response, Geophysics,33,264 ~269.

Clarke D L,Zaccarelli N M, Shapiro N M, et al, 2011, Assessment of resolution and accuracy of the Moving Window Cross Spectral
technique for monitoring crustal temporal variations using ambient seismic noise, Geophys J Int,186(2) ,867 ~ 882.

Deng K, Shiyong Z,Rui W, et al,2010, Evidence that the 2008 M, 7.9 Wenchuan earthquake could not have been induced by the
Zipingpu reservoir, Bull Seism Soc Am,100(5B) ,2805~2814.

Duvall T L, Jeffcries S M, Harvey J] W, et al,1993,Time distance helioseismolog, Nature , 362,430 ~432.

Kasper van W, 2014, Seismic monitoring the Auckland Volcanic Field, https://www. physics. auckland. ac. nz/research/pal-05/
05/seismic-monitoring-the-auckland-volcanic-field/.

Lecocq T, Caudron C,Brenguier F,2014,MSNoise, a python package for monitoring seismic velocity changes using ambient seismic



628 BoE O R 31 %

noise, Seism Res Lett,85,175~726.

Liu Z,Huang J,Peng Z,et al 2014, Seismic velocity changes in the epicentral region of the 2008 Wenchuan earthquake measured
from three-component ambient noise correlation techniques, Geophys Res Lett, 41,37 ~42.

Poupinet G, Ellsworth W, Frechet J, 1984, Monitoring velocity variations in the crust using earthquake doublets: an application to
the Calaveras faults, California,] Geophys Res,89,5719~5731.

Ratdomopurbo A, Poupinet G,1995, Monitoring a temporal change of seismic velocity in a volcano: application to the 1992 eruption
of Mt Merapi( Indonesia) ,Geophys Res Lett,22(7),775~778.

Roux P,Kuperman W A ,2004, Extracting coherent wavefronts from acoustic ambient noise in the ocean,] Acoust Soc Am, 116,
1995 ~2003.

Shapiro N M, Campillo M, Stehly L, et al,2005, High resolution surface wave tomography from ambient seismic noise, Science, 307,
1615~1618.

Shapiro N M, Campillo M,2004 , Emergence of broadband Rayleigh waves from correlations of the ambient seismic noise, Geophys
Res Lett,31,L7614,doi:10.1029/2004GL019491.

Shemin G,Mian L,Ning L, et al,2009,Did the Zipingpu Reservoir trigger the 2008 Wenchuan earthquake? Geophys Res Lett, 36,
L20315. doi:10.1029/2009GL040349.

Tukey J W,1962,The future of data analysis, Annals Math Statis,33,1~67.

Weaver R L, Lobkis O I,2001,0n the emergence of the Green’s function in the correlations of a diffuse field,] Acoust Soc Am,

110,3011~3017.

Using ambient noise to study the seismic velocity changes caused by
the rise and fall of the water level in the Zipingpu reservoir region

An Yanru"?  Zhang Xiaodong"
1) Institute of Earthquake Science,China Earthquake Administration,Beijing 100036, China

2) China Earthquake Networks Center, Beijing 100045, China

Abstract The feature of media changes beneath the Zipingpu reservoir has been studied and the
process of permeation with the the water level rise and fall of the reservoir from January 2005 to
January 2008 for ambient noise cross correlation by using continuous seismic data recorded by the
stations of Zipingpu seismic network and YZP station has been discussed. A moving-window cross-
spectrum technique has been used to calculate the seismic velocity changes between station pairs.
Results revealed that there is an obvious relationship between seismic velocity and the water level
changes with a time delay that may be caused by permeation during three main impoundments and
two large scale disemboguements. Impoundment generates a fast and large impact on the superficial
layer,and the changes of seismic velocity is the result of increased pressure and permeation during
the impoundment. At the first impoundment, the main effect factor is the pressure. Then,during the
next two process of impoundment, permeation becomes the main effect factor and has affected the
fault in the depth of about 8km.

Key words: Ambient noise Zipingpu reservoir Water level Relative seismic velocity

changes



