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HAR 4

1.7 2 H SR = A D (phase.dat) PA A 5 3530
4 (station.dat);

2. FHph2dtE 79,15 31 268 %) & i (absolute.dat), =
PE Xt ) RE S 22 S0 (dt.ct), B Z 1S B (event. dat);

1¥%:: ./ph2dtN3 ph2dt.inp

\

Waldhauser, F. (2001). hypoDD--A Program to Compute Double-Difference Hypocenter
Locations (hypoDD version 1.0-03/2001). US Geol. Surv. Open-File Rept. 01, 113.

3ATRA W, AILLEN —S KRR (R
PR se ) fHdt.cc;




RS L. = AHEE (phase.dat) A% =X

(W.Example/phaseSelection)

#ELRITRIRSMHHER, IR TRERIRIX A SHRI G,
#9 B B 9™ %8 2E FKEKn) E EH EV RMS 4D
auhs EN 20ERE =iH EUERE—NRTE-3, EXTIZIIRXNEUE)

|1 phase.dakt_sichuan >

h 2000 1 1 16 2 43.60 29.220 101.070 9.0 6 0 0 0 620002
GDs 12.6 1 P
Ghs 32.2 1 5
HMS 52.3917F
HWS 63.1114
MDS5 35.82 1
MEK 492.19 1
WMP 46.16 1
xXIp 292.4 1 P
XIP 49.4 1 5
¥ZP 48.75921 1 P

# 2001 1 5 23 20 10.50 29.230 101.050 0.0 © 0 0 O 520003
EMS 40.6051 1 P

GDs 2.3 1 P

GDs 33.3 1 5

HMS 53.2993 1 P

LYY 68.4868 1 P

MDS 36.85 1 P

MEK 49.462 1 P

WMP 46.7 1 P

XIPp 30.2 1 P

XIP 50.9 1 5

¥ZP 48.8608 1 P

TTOREE
T



BRI L. S uhiEE (station.dat) B % =

(W.Example/phaseSelection)

aihR GE 2E SiE(m)

XJI 31.0 102.4 )
GZA 30.1 102.2 )
EMS 29.6 183.5 )
MEK 31.9 102.2 )
cD2 30.9 103.8 0
MDS 30.1 1803.0 )
DFU 31.0 101.1 )
SMI 29.2 102.3 )
WMP 29.1 163.8 )
JYA 29.8 183.9 )
YZP 30.9 103.6 0
LYS 31.0 103.6 )
IDZ 31.0 103.6 )
BAY 30.9 183.5 )
MBI 28.8 183.5 )
JLO 29.0 101.5 )
YJI 30.0 101.0 )
MXI 31.7 183.9 )
WCH 31.5 103.6 )
MRNT R 162 .2 ]



BHEHELS L. R AHEHE (phase.dat) Fr 5T & 428 1l

(l.Example/phaseS

FALHREE

EREBIXTEGE

TRoutlier. 78

R E

Fl

oA R BIAFSEN AT

A LAMRYE

election)

BESBARKNRE, TH
B BB R 2 SR Al fR—LERE

FRREEHTIVMEFALUER, ERRENT:

1. izfrpha_t-distawkFiatH FiE EUERIERFIEFIEER
(t_dist.dat);

2. 1&f7t_dist.m3Ei]

-HPIRE

1SR IR

{E(BNt=slope*dist+b), FF

BRED

ERSEE

3. THEBIEIETL
dist_selection.awk4si H Ex 22 HIETEEURE (phase.dat_selection)

BHEZERYE

| YRR AR (B Am AL T
51 EEI’J ﬁ hEJ /REE/;&LZE

F|(t=slope*dist+b+b1F[t=slope*dist+b-b2);
FIHEXZSEE, 1=17pha_t-




B ELS L. 2 A EE (phase.dat) ) 5 & 47 ]
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AR 2. RO E H R ZZ i dt.ct
(W.Example/ph2dt)

=2 (ERhypoDDIEF BN FIEFEph2dt, 1ZFIERFRIERFMNI
Waldhauser, F. (2001). HypoDD-A program to compute double-difference
hypocenter locations9HY4 ~ 6Ta LA 15~16T3,

TRIFIERT:
«7ESrc/ph2dt/include/ph2dt.incH .
—  MEV: i KFEMHNEL
—  MSTA:B KGN
—  MOBS:*f T8 — 5 22 KO 24 (P&S)

o fESrc/ph2dt> g iEfEfyr, 152 n] #4727 ph2dt:

— F#E: make clean: make



AR 2. RO E H R ZZ i dt.ct
().Example/ph2dt)

Fi¥E: .Iph2dtN3 ph2dt.inp @
S Fph2dt.inp:

YN\ A&: phase.dat, station.dat
=HISE: Event pair
minwght: EfEEUER/MEENRE ;
maxdist: BHXY 2MBEE) SEULERISKIES;

minsep: H4XTZ [BJRVER/NEJEE;

maxsep: XS Z (BRI KIB)EE;

maxngh: ENSEHRIRARPELL;

minlink: — P SEENREERNAB—1TSHNPE, IPAZFEHNEEIEEZE
BRI ERYSR/IME;;

minobs: 8— 1 EHXITEEIEBERY&/IME;

maxobs: E— PSR ENEEEEIRAE,;




AR MERS2. P AU = H B Z 3R dt.ct
(WL.Example/ph2dt)

San e {4

absolute.dat (4&XFERTEEE)

dt.ct (b= HREELTE)
event.dat ((EESHEEUY)
event.sel (HKEHIHEESIHEESUY)

BZevent.sel &AL —T :

awk -f addEve0.awk event.sel > ../RealData-Inversion/Input_Files/event.dat

E/&, absolute.dat, dt.ct, event.dat, station.datfFi 2 JEEBNEEE T .

| | event0.dat - KWrite _ o
File Edit View Tools Settings Help

o H 4 0

New Open

poolelel 16024360  29.2200  181.0700 9.000 0.0 0.00 8.00 0.00 6200020 A
20010105 23201050 29.2300 101.0500 0.000 0.0 0.00 0.00 0.00 6520003 0 Ll
20010106 2288970 29,2900  105.5200 8.000 0.0 0.00 8.00 0.00 620004 0 'O' 1%%9&5*%——

20010106 23495860 29.0800  103.4100 10.000 0.0 0.00 8.00 0.00 6200050 i\

200160109 5050220 29.2300 101.0800 0.000 0.0 0.00 0.00 0.00 6520006 §0 o) %
20010114 21213530 30,1300  103.1000 0.000 0.0 0.00 8.00 0.00 620007 jo 'fb%ShOt data (E Hj-;'-.]ﬂ:H_LEE I:])
20010119 3335168 30.6210 106.9670 7.000 0.0 0.00 8.00 0.00 620008 §0 2 1‘b§§b| .y

AAAintAn aramazan aalrasa daiian almmn ala alanalan alas e ast data ((UEBEX0)



HHEHE 3. FEBUR P O AH < E R Z 2 dEdt.co

ERASRIAE, A TR AT LR EARSE BRI REAE SRR M
BIF— A P R S A 2

Hay, EFEREMEERFRRE.cc.

dt.cc - emacs@localhost.localdomain

File Edit Options Buffers Tools C++ Help

= E & o B B Mo ™ (g

94000059 0.0

H FPBB 0.9830 0.5836 P
SET 6.1640 08.5435 P
SLD 0.0640 0.5440 PD B.3.2 Cross correlation differential time input (e.g. file dt.cc)
THMP -0.2640 0.5268 P
BAT -0.6280 0.5160 S This file stores differential travel times from cross correlation for pairs of earthquakes.
SLD B.0760 B0.7319 5
04000129 6.0 Each event pair is listed by a header line (in free format)
BRG 8.91e0 0.7927 P #, ID1, ID2, OTC
SET 6.8440 0.5677 P k
MRA 1.2448 0.5929 S followed by lines with observations (in free format):
SET 2.1280 0.60818 5 STA, DT, WGHT, PHA
94000137 0.0
BRG 1.805280 0.7539 P
FWD 1.6760 0.5626 P



. ERVIRIEERETIMOD

o 14E8Y# 34k gradient velocity model

bld, nx, ny, nz
xn(1).xn(2). ...., xn(nx)
yn(1).yn(2). ..... yn(ny)

bld: 1 or 0.1 or 0.01, BT

zn(1).zn(2), ..., 211(112) BN
N _ . . . . X,V,Z—. H J:E@W "f'\
Vp(LLD, VpQ2.LD).... ..., \- (nx.1.1) E{@ya%d\ﬂ!%g? i

\-’p(lﬁll), Vp(2.2.1).... ..., Vp(nx.2.1)
xn(1),xn(nx); yn(1),yn(ny);

\ 1 0y, 1).Vp(Q2.ay.1).... ..., Vp(nx.ny,1) zn(1),zn(n2): 48 MFRRX,Y,2Z
= A il
Vp(l.ay.nz), Vp(2.ay.nz).... ..., Vp(nx.ny.nx) %gﬁ/@%mﬂ% o

Vp/Vs(1,1,1).Vp/Vs(2,1,1),... ....Vp/Vs(nx,1,1)
Vp/Vs(1,2,1).Vp/Vs(2.2.1),... ... Vp/Vs(nx,2.1)

Vp/Vs(lny.l), Vp/Vs2ay.1).... .... Vp/Vs(nx.ny.l)

Vp/Vs(l.ny.nz), Vp/Vs(2.ay.nz).... ....Vp/Vs(nx,ny.nx)
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(. Example/RealData-Inversion)

o HERTPATREF: tomoDD-SE

o ZHIEH|CH: tomoDD-SE.inp

o T ANEHE VS Input_Files

o Tt SCFEJE: Output_Files

. ?$135'15'SKS’ layer-16.dat & 12 7 75 B sz B 3

EATFE: JtomoDD-SE tomoDD-SE.inp



SRR ARSI S e RIS

* JE XFEFHT R B N AF
I ERE Y



PR HERSL: BT WA I S
I.Src/tomoDD-SE/include/tomoFDD.inc &
RaySPDR.Inc

» {EtomoDD-SE/include/RaySPDR.inc+:

— maxnx, maxny, maxnz: Nx, Y, zJ7 ] b )5 ok A& %k

— maxpari: 75 2 & E NS EAN B s ORME. (2% (maxnx-2)*(maxny-
2)*(maxnz-2))

— maxpar: 25+ maxpari 1 1],

« {FtomoDD-SE/include/tomoFDD.inc .

— MAXEVE, MAZSTA, MAXDATA: & KEM4E. R EuhE. &k
=,

— MAXNODE: #7255 2 7] g 7 i [ 5 K A% £ (~4*MAXNZ);

— MAXND: &N 77 R e B AE 212 B w5 50 208 s KA
(<4*MAXNZ)




PRS2 ImiFrET

 YE£Src/tomoDD-SE 143
J# ¥ItomoDD-SE::

— FH¥:: make clean: make:

Z 1

H g P 1 21 H




o PEAE A . )

32QL I EE i gR EFE R I 5 . Makefile.32 & Makefile.32_syn;

A4iiafT: make clean -f Makefile.32; make -f Makefile.32
PL A2 make clean -f Makefile.32_syn; make -f Makefile.32_syn
64T ) B i gr AR P IE ] . Makefile & Makefile syn
K ¥qiafT: make clean; make

PL & make clean -f Makefile _syn; make -f Makefile _syn



o PEAE A . R 2

223, 2 AR R E SR gfortran ) iR A AN BE K 5. WIS HH T4

PEes AT =y 1y 5 2B It i) 328 34 64 1Y) Makefile ok dm PEid 1L,
15 A I gfortrangwm 1323 , Hﬁﬁﬂgfortran 4.7 B¢ B AR Y I

A, I8N )5 FE HMakefile B Zmieas L AR (ZES5AT) A M

WAS, e BT g P

(fEubuntu R %4, Zimiz{Tsudo apt-get install gfortran-4.7£]
nf . R A 2lgfortran-4. 7 h A, ] DLkiK4.6, 4.558h)

Ko )




LR EE B S SRS S
(W.Example/RealData-Inversion/tomoDD-SE.inp)

» Input file selection: 35 2 Hi Fr & WIAH U 1 BE 42 5
« Qutput file selection:
— original location: #J4GHE N &
— relocations: &R IIIEA G UL S i 24 (1) B e S =2 A L
— station information: & ¥ )5k Z St it
— ;;sj@jgual information: &/ 48X} & I Bl E I Z 50 ) i A0 &
— source paramater information: b= i BVR A5 S, LU BEA K
o HAIZATRIAD
— velocity file: FERIAAR G I ER AP % A, LS 2%
VP, Vs R
 JEREIEFH —1TAbsolute file: fi N\ 48 % 7E i H0E 1 B 45



LR EE B S SRS S
(.Example/RealData-Inversion/tomoDD-SE.inp)

o RIERAREE TS
— SR A HAR S KA EE (WTDD), i S 8 B ) ik i 455 44
— FHZAHE H e Z B IR E(WTCTP, WTCTS), K
ZIRIR X 25 s

— WA BEAHER 25, &5 4 HBORAUE (WTCCP, WTCCS),
SRt — D 2R YR X 4584 5

o HTERE SOEIEE WS E R T RN E, Fr DRI & S
(JOINT)Z Ja In— ¢k R e A7 [ 38 (JOINT=0).

*--- data weighting and re-weighting:

* NITER: last iteration to used the following weights

* WTCCP, WTCCS: weight cross P, 5

* WTCTP, WTCTS: weight catalog P, S

* WRCC, WRCT: residual threshold in sec for cross, catalog data

* WDCC, WDCT: max dist [km] between cross, catalog linked pairs 532 40 B A

* DAMP: damping (for lsgr only) S T dt.ctE R (AL =,

b --- CROSS DATA ----- ---- CATALOG DATA ---- o
‘ * NITER WTCCP WTCCS WRCC WDCC WTCTP WTCTS WRCT WDCT|WTDD| DAMP JOINT THRE %%?’ﬁ*ﬂiﬁ@ﬁ%
) 3 .01 0.01 -9 -9 0.1 0.08 6 -9 10 [300 1 10 WTCOTPYWTDD (Pil
WEhr 2 e.e1 ©.e1 -9 -9 6.1 0.8 6 -9 10 |160 © 10 N ( / )
JiEE s 3 0.01 0.01 -9 -9 1 0.8 5 -9 .1 ) 300 1 10 WTCTS*WTDD (S/EZ)
HEhr 2 0.81 06.01 -9 -9 1 0.8 5 -9 .1 1158 3] 10



SRR SRRSO 2

(.Example/RealData-Inversion/tomoDD-SE.inp)

% F % o ok F F o

FAHIERZEFH FIWRCT WRCC UL A& WDCT,WDCC a1 Bt

—  WRCT, WRCC: f& 77 2 AR B Edha iR 53 22 15 DO HHEAT I, - RIS A AR 2= 0K

HAE &N, B &0, dtetfidt.cclIEdE Al &4 5217, KILE & B ML S 4.
XN SEONIZINB R B BIE, X BEER N, R RZ S BRI E BN, REX
Ry 50 Yot e ) o iRk et 2 BRI

WDCT, WDCC: 23 2 R4k A Kictia i oof o () 3 18] (R B, o Bl gt AT I, BREAS
B st = [a) P S oK, HARUE &N, Bz E S 5 N0, dt.etfildt.co B AL &
IITSEAT, A S BMSLIZE . XD S BN eR B B, ZBRAE, [F
— by 5 A ) B S R S B AL B S FE N, R (A PR K P B o A ) TR 2 FE A

X PUANSEEE AT CAAE R (B-9R07]) o JEH N T 507 B LS ki,
WDCTHIWDCCH LA . #f TWRCTHWRCC, [RIEHIEIEH AR, —RaidiH,
It HAEZ IR PG, R EE R EAEw 2, @ L3 A A

- data weighting and re-weighting:
NITER: last iteration to used the following weights
WTCCP, WTCCS: weight cross P, 5
WTCTP, WTCTS: weight catalog P, S
WRCC, WRCT: residual threshold in sec for cross, catalog data
WDCC, WDCT: max dist [km] between cross, cataleog linked pairs
DAMP : damping (for 1lsqr only)

CROSS DATA ----- ---- CATALOG DATA ----

NITER WTCCP WTCCS|WRCC WDCC|WTCTP WTCTS |WRCT WDCT|WTDD DAMP JOINT THRE
3 0.01 0.01 -9 -9 16.1 0.08 6 -9 16 300 1 10
2 9.01 0.01 -9 -9 |6.1 0.08 6 -9 10 166 0 10
3 0.01 0.01 -9 -9 1 0.8 5 -9 .1 300 1 10
2 0.81 06.01 -9 -9 1 0.8 5 -9 .1 158 3] 10



SRR s S IR S5k $%

(.Example/RealData-Inversion-Lcurve)

min ||Gm — d||3 + a||Lyml|[3 + /|Im||3

*|weight1 weight2 weight3) CC_format

20 20 20 1
*
*--- data welghting and re-weighting:
* NITER: last iteration to used the following weights
* WTCCP, WTCCS: weight cross P, S
* WTCTP, WTCTS: weight catalog P, 5
* WRCC, WRCT: residual threshold in sec for cross, catalog data
* WDCC, WDCT: max dist [km] between cross, catalog lipked pairs
* DAMP: damping (for lsgr only)
bl --- CROS55 DATA ----- ---- CATALOG DATA ----
* NITER WTCCP WTCCS WRCC WDCC WTCTP WTCTS WRCT WDCT WTDD DAMP, JOINT THRE
3| -0 -9 -9 -0 0.1 0.08 6 -9 10 55 1 10
2 -9 -9 -9 -9 0.1 0.08 6 -9 10 50 4] 10
3 -9 -9 -9 -9 1 6.8 5 -9 .1 50 1 10
2 5 -9 .1 50 0] 10

-9 -9 -9 -9 1 0.8

Solution norm ||m||,

0
Residual norm ||Gm-d||,



SRR s I IS5k $%

(.Example/RealData-Inversion-Lcurve)

o L-curvelt iV RiEFE IEMZ2L: smooth/lldamp
— EREERRNESRERIHTF, Bsmooth, damp, xnorm, xnorm_vel,
rnorm, rnorm_wt.
« Hpxnorm:BEMEEETHERNZSEEL xnorm_vel: EETHERZSEEL;
* rnorm:EPEIETERERN2SEEL rnorm_wt INNNAVEIEIL S TR ERI2SEEL.

* smooth, damp 73 Bl AARRIERTERIEEFIEBE.

» HFsmooth2FRARIEETMHWER, FrLAXTFsmoothAUEEE N 1Z
xnorm_vel; Mdamp[EIRYZUER ¥ EMEEENTHE, FTLAXTFdampalisk
¥ENZ FAxnorm.

o EFHRE, EINGEREmorm wt.

— 2 AR dampFdsmoothiVABES, BFfBEESESRIER—XEIR]

. BEIFEMAIXnorm, xnorm_vel, rnorm, rnorm_wt{g;

— Hscripts/lcurve_Choose*.mZaTl L curve.

— XFL-curvelgi%, 1= Parameter Estimation and Inverse
Problemsgy5.1, 5.2E275 (Richard C. Aster et al. 2005)




SRR S 36 T UL B804k

(.Example/RealData-Inversion-Lcurve)

. T:EExampIe/ReaIData-IQversion-LcurveEJ, S T HL
curveSEFEiESmoothfIS#E :

— }(t)FmoDD-SE.inp_smooth*?g{@fﬁlﬁ_l—damp, A[Esmooth{ERVESEL

— term_smooth* A{EFAARES UG FRRIE ;

— J&term smooth*5F &R AV “smooth, damp, xnorm, xnorm_vel,
rnorm, rnonn_wt”iEE'\:zF:Icurve.datEFl ;

— FAIcurve_ChooseSmooth.mz&E], ZEiNLA
normalizedicurve ChooseSmooth Wtresjpgjj/ﬁ N

* DampHYIEERTFE S5 Smooth—1F, IXEBEAMEME T,
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= A 2 i

(.Example/RealData-Inversion-Lcurve)

\

0.91

0.8 \
E 0.7F
2
=
>
S 06f
17
[0}

4 -
Q 0.4

13
So03F %

0.21

0.1

|
2 |
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£ 051 |
o

)

200

150

100
80

200y !

60

40
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10

museBie

===

0 I ! L 1 1 1 L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Normalized solution nori m

.99999975e-05
1

L Hi2k: AF v A [Fsmooth /&

TS BB AR 72 (1) 0 — AL T AR

1Z MR EBATXT M AR
smooth{E£97920,



S BRALR 1 32 5

(. Example/RealData-Inversion)

o 45 R (reloc & Vp & Vs){EOutput_Filest,
Al DL % S04 32 F i matlab R e 3 ) Hh 2E 7
B DR FERRLLE = AN T [ B A

|/u

o HAthdar SO BARKS 00 LA S5
Doc/tomoDD manual;l%?ﬁq:




U, B R

o WIUEHEZ A tomoDD-SE.res.ini (ERi\ % H 7
2 iz 4T BT H 3

File Edit Wiew Tools Settings Help

Neaw '5_;_' SH M @

Op ave Save As Close

my

STA DT Ccl c2 IDX QUAL RES [ms] WT OFF5S

MDS -2.1500006 620007 620127 3 1.0000  -63.433411 0.000000 21.7
EMS -4.0466995 620007 620127 3 1.0000 -1946.425415 0.000000 21.7
YZP 4.8000011 620007 620127 4 1.0000  990. 243836 0.000000 21.7
YZP 2.8999936 620007 620127 3 1.0000 671.433472 0.000000 21.7
WP -2.9000015 620007 620127 4 1.0000 -633.934021 0.000000 21.7
WMP -4,2416992 620007 620127 3 1.0000 -2995.891602 0.000000 21.7
MEK 4.1000004 620007 620127 3 1.0000  288.681030 0.000000 21.7

Hrp, IDXFRpBIRIEA (A=PiF B AH<EPE; 2=Sik B AR, 3=PiF H ZE4E;
A=Sy% H % ¥#E), RESEREZE (ms) .

ST 45 R Output_Files S A Bl i) tomoDD.res £ SC
Z A B EEAS N S W aR TR ZE A% S —
tomoDD.res #4E % 7~ 2& S Ja 1B & i ik 25

A DAA RA_E A B SO 2 1 S T s ZE e R R = A4k, ian R



o [iE AR 2 A (tomoDD-SE.inpAJ
DL B iz ), RIS
Bh% 22 A AE A




R

TR RO I R 22

J

x 10* Initial location and model
1 O T T T T T T T T T T T T T T T T T T T
8 -
6 o
4 -
2 -
o A 1 | 1
-5 -4 -3 -2 -1 0 1 2 3 4 5
x 10° Final location and model
3 T T T T T T T T T T T T T T T T T T T
21 i
1 = -
O 1 1 1 1 1 1 L | 1 1 1 1 1 1
-5 -4 -3 =2 -1 0 1 2 3 4 5

Residual (s)

Figure AS. Residual misfit improvement. Compilation of overall number of earthquakes with root-
mean-square misfit in bins with widths of 0.5 s, comparing (top) the starting 1D model to (bottom) the
final 3D model.

Thurber et al. (2009, JGR)



fiv ARG

o WEITATEE
— aJL\FHextract. DWS.awk3MtomoDD.velFIZENE NS
REVGIELZEE (DWS_P, DWS_S);
— usage: awk -f extract. DWS.awk tomoDD.vel
— Output Files: DWS P, DWS_S
— DWS_P, DWS_S5Vp model.dat, Vs_model.datf& = —#F

G TR



CLARBL AL

G T 2R
i v, W Example/checkerboard)

o & 7 ZHI &R IF I itomoDD-SE Lj%
ib 75 Z £ Src/tomoDD-SE/ T 4 i3 F T~ HL

1E 75 2E I 24035 1 #E s tomoDD-SE syn

1¥%: make clean -f Makefile_syn; make -f Makefile_syn



B B I 1

CUARLA A 15,  W.checkerboard)

. bnﬁaz

ANSEBREHE K 1

AT R

mf%%
7

- ﬁf %JEI*J

i
B AR ESynd)
E}L

Hedl LN ATIa R R i

o« WHEAEA H 3 FizfTcheckerboard.pl R A]

1. ./checkerboard.pl MOD




B R HE R I
AR 25 5, W.checkerboard/Vel)

- BIHERRILIAVel i — L EEREFREKE— .

 IARTLARAresolution. m3Ei2EN 2 & R tHER BRIk

SE(res_P, res_S);




i Ja B VWUIESAEAT AR 20T, o N 2
fr, SUZERALHIEFE, [7ihypoDDAI
tomoDD s FH Tt .

WNERBEIR, ATLUEFABR4gaoleibo@mail.ustc.edu.cn




