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Abstract The classical eikonal equation is commonly used in Cartesian coordinate system for
problems that involve static correction, prestack migration, earthquake location and seismic
tomography, but is less effective for calculating travel times in an earth model that has an
irregular surface. We have presented a topography-dependent eikonal equation in a curvilinear

coordinate system that makes use of the surface-fitting grid and map a rectangular grid onto a
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curved grid. Then, we utilized the efficient Lax-Friedrichs sweeping scheme to approximate the

viscosity solutions of the eikonal equation in the curvilinear coordinate system. In this paper, we

investigate the impacts due to the anisotropic stretching of the surface-fitting grid on the

traveltime computation by using the topography-dependent eikonal equation, which has a

significant meaning in the direction of our method in geophysical application.

Keywords

hfll

1 5l

5= R E I B T A AE M BR ) B2 ol 2 R L
O (o T e 17 BT D=l R A o I L
B LAFT A HRE & 08I 2] 04 T B 0 A J /R
Y DU SF 5K it 5 Kirchhoff fi 7% 7 281155 Green pR K,
MM Green PR AR T WL A5 5 R A 5T P4 3 s 2 1)
(18 3 B 5 B S T R 2 AT B AR AR T R
L) Z81) ) SR R T ST MR A R BE A A,
77 P4 b T 1 S 2 AL AR B R I
200 SR 2 05 vk L B Y AR R R B REAE 1 B
SRR Ty ) SR it I 224 T H5R IS A5 3 H R R )
& A5 b R U S B R X T AR 2 Y A
AU 3K oty LSRR R 9 K 3 B AR O A B B2 X4 ]
S Vidale! ™ 3 T 4 5K U R A 8 AR A 1k
Hi B ) — o AT PR 22 00 5 R R AU AR oK O A (HZ
J5¥E R Y SR A R 38 BR AT . 7R — & 19 35 40 A
1G0T IR S 08 I A2 de /) o EL7E Ak 8
S 2 AR E A, Qin Y BT Vidale
1 5 3 R AT REV B 9k B I A TR R T BEE B vE
Vidale FAAH[R] ABAE B2 TRR LR, TR E
— AL AT T A9 A B4 SRy A /s o SRS [l A8 K s (H
T AT AL S A R R 43 ][] 2 T 4k 4
JRMRARL R AN, Van Trier 26978130 KA FR 22 43 1%
FIASRRE bR T B KR I 8 1 22 40 4 X A k.
Sethian 25 $iE T — Bl RR 22 S R HE 2 1Y O
(Fast marching method, FMM) , 3% J7 1% A FH 1 X\ 2% 43
A6 TSR Al Jm PR R 5 R R FH 2 A 0 o 8 I IR T
FIFHHE LR APRAFAE I B f5 /N I TAC7E HE 1 THUER.
WOTE BB AR R T SR R B TA] SR
PIEBH ONDWE A F] OCN « logN) (logN Hi 3 (9 HE
FPaA AR i N 219 SR AR AR 227 R R
AL EAT T ) AR L BRI, Zhao AV 4]
T — R FR Z B ) 7 i (Fast sweeping
method , FSM) I 3K fiff— B Xl 24 4 3k 73 07 7 L I 4
HZ T AR OCND L HAE I T 2% 58066 1

Eikonal equation, Travel time, Topography, Surface-fitting grid, Anisotropy

PEFIRS A M. S B I R 4 1 3 AR PRl 4 9 R S oK
i AL ) P I o LTS A 2 R 2R 0 R U A v
8RR AE 5 1) 3K fiff o FL I 5 B iR fg HLGT /85 B R o R
T ORI — R 5

T T 2 300 0 3 55 b 7 D I 0% T ik R A At
TRV 22 1. R 75 T [ Bl 2R 35 1 JE b s R R
B AR TAEC B2 B 75 . H A A Il R 4R 5
ERERE TP, PR R X, 5 AR X A [ L 7Y
T i X Ja] 2 ) T RS AR 2 b R B R TR T IR
(P K - A% G0 1) 5 1 2 ) 3 U 4% 174 b 7 500 R 4
Ab PR R T IEAE X R E e R X A IR
FHR RIS S 2 3 S R T R OO B R )
R, X T AE 31X 6 DX AT R AT b A B UG B B2
M S 2 A AR B . B H AT R 1k 4 R 25
(18 ] LA A TR R b 174 b 5 O 0 TSF 1B v A A
T AR I P A fig 0 2 0l R, — Y TG AE
T A% 1) 43 By B 2 8 BT3B B 3 T A R0 )
6 118 7 1% B 0 D0 D A6 1 s R T 2 T
5N, H AT E AR 22 b 7R 0 5 BB B AU vk 4R
bk o o U e e o s Eep e =Y L e Sl S ]
A TS AR AT A E 2, RO T LA B A O VE 45 2R
#EAT Kirchhoff fi #% i i 223X £ 38 i) {5 B Bk, 3k
TR0 P A ) 43 ) R AR M R T R E BT B
X T s Sun ZEU R T — b e B R R 1SR
i R PR b 2R T MR U B B Y O I % TR ) G R
TE R b 2 3 SR FH AR 35— (4 U [ BE L 3E 3 5 | A
Hb 2R A H R b BT A AT SR R
FH FMM SR . FATW K S8 T — Fl R fif 2 4R b 3%
T MR A I A IEE L e A B T U A A D
Ap bR AR, ST R R Aa bR R o R pR R 4 3 it
RARR R T M2 AR R R R T R SRS R
FH Lax-Friedrichs R 4714 12 5K A i £k A2 b5 3R (14 72 pRi
J5 R B S Wy T MR R k. T R AR
FECE Z G A I RS A S ] R A 2 A )
P 2R SORRAR FE 3 Fh 45 1) S5 114 58R 555 0F A s A8 46 55K
it ML R I A) 25 BT 7 A ) B .

AR SCE SR 1B o — R FRATT 0 7 vk L AR i 3 1o 4K



10 =2V A U A IO A 1 S o A S I e SR A R 3 3R T b R ) 2 I E I A 5 ) 3357

(L ST TR T W A P S JR AT 14 25 i) S P 0 B AT D 125 e
FEEE R

2 EHZR AR AR R AR R O R M H Lax-
Friedrichs s 47 4 5K fift 7y i

2.1 HZLARRPHMERFE
R IR AR bR 2R 4 1) R PEA B A AR pR O RN

(50) +(5) —swo o

1 2y or\* 2, .
[F(I,r—‘—zr)}(g) _F(1q1,+zqz,.)

Ut 7 R RD A il 4 A AR R b RE eR T TR, 2
Hamilton-Jacobi J5 F& H 5 UL —Fh. Bk 7 f2ml g
oENAE -3 3i0Fi 7=

(4)
2

1

7 (22 +22). B8 A, B, C J& Wi b % i 25 b

). YRR 2,02, 0y 2,02, A 1, BOEHE
SCLCHRE J A 1, bR R oK 7 R AR b R R R Ak
pram R (O0) + () = (. i
AR R 2R R R R R (3D B () 1Y TE 3Rl 4% 1) Sk
O 188 2% 1) S M) ) R bR 7 R IR R I BB 5 &%
[ [ P 2 R g 1 2 D31 T 5K e 4% 1o [ ] P o 5 AR
PR PR S A 1 T A 4 3 4% 1) S M AR R T R 480
ST R0 o aTee
2.2 OKfE# k4 4R R T2 B A 2 Y Lax-Friedrichs
A HE

£ 3R f# Hamilton-Jacobi J7 B2 1) — Fp i 48 5
s PR B R AR A B TR L R Tsai 455
P FN A B — 2R3 F Y — M A% B Godunov Y
Hamiltonians ff] Hamilton-Jacobi J5 F& IR fif 24 .
Kao ZE00 3 7 —Fh 3 F Lax-Friedrichs B E0{E 14
IR (Gauss-SeideD G-S HH BRI . & Al IR
AT B A E 2 Hamilton-Jacobi J7 2 , X Ff Jy 925 faj £
ST WS . 5 3T Godunov BUE M % /K 1
17 AN [ 9 02 » 3 T Lax-Friedrichs ${H I % /R
1Y) 5 ¥ T N — e i B AR A SO R A Lax-
Friedrichs e 4545 1 (Kao 251500 3f sk fife il 28 4 b

(rox, +2.2,)

C=

KRG THAESEER s(x.) AT
W (x,2) BERERN T(x.2) .
FIH 4 R (AZa—b), J5 FE (D) A A5 4 Ny
[(qo, +tro)T)V +[(qo, +ro)T] = s (qg.r.
(2)
Hrr.g, r R & AR R (WAER) 5 ¢ TR og (s
2)/ox sqe v, sre WYL SCAL SR, 3 20 S F i A B
SRR S W AL R 7 (AL SR B I
K WERSFE ¢ oqeoro o, IR KT RE(2) 7] 3
— A Ny

2
8T2£+[L(I(Z,+zi)}(a’r> = s (q.7). (3)
or

J’ or

I
AL R T . eIl R AR bR & G R ok R A
i Lax-Friedrichs B4 % /R il 5 7 W 2 X, SR )G 44
th ] Lax-Friedrichs R 454 32 5K A ) 125 5o =X A
SR A AL IR,
2.2.1 Lax-Friedrichs A% R 5 F

xf il £ AL B & P B IR DX [ Gin s G ] X
[ Pin s P | FEATII ST G5 BOAE AE N (qiory) vi = 1,

My s = 1yeeeymy, ﬁi q; — (Z_l)hq Qin s 1) —
A (G max™ Gnin ) (Pmax ™ Tain )
—Dh, win o1y = h

G Vet i sy (m—1) ’ (m,— 1)

i1 28 A b5 2R RO RE BR O R (4D S — PR IR )
% Hamilton-Jacobi 5 # . & Al LG fan g K .
(¢g-r)e O\I',

{H(Tq,T,-):s(q,r) (5)
T(q,r)= g(qsr) (g.rYeren.
Horp

_ [y (T gl o (oY
H(T“’T’J*«/A (5) +B-5 5 +¢(5)

KW IRIUE T, A, B.C 3 SRR A A sCqar)
NG g (q.r) FoR W S PIIRIE . Q NI XL T

H Lax-Friedrichs #% 3 ok & #0082 /R 10 55 1
H(T,.T.):

ﬁLF(u—,Lﬁ_v—,zﬁ): H(’[JF w M)

2 72
—%a"(u‘—uf)—%a"(v‘—'zf), (6)
Horr @, == max ‘Hl (usv) ‘ »a, == max ‘Hg (u,v) ‘ .
D<<u<E D<u<<E
F<v<K F<veK
XH H, (u,v) J& H X5 A48 &8 1 I 3 50 X [E]
[D.E].[F.K]#mR o v WAEALTE . Kao 2
G-S G RME AR LS S T —FhoR i — %
HER 2S5 1 Hamilton-Jacobi /5 #2 1 — By Lax-Friedrichs
F s = AT R SR g 7 72 (5)



3358 H Bk ¥ B % R (Chinese J. Geophys. ) 55 %

1
KEAE Ty, T B9 EAREFHEATR EAR S m A 6. % T Z4e I8 . JATA A~ 4=14 Jr 1a)
(ODMNETFAMAEEABN = 1m 5 = 1limy; OMNEGTFAMEEAB i =m:1,57 = 1:m,;
GOMNLEEMIATMABI i =1:m,) = m:ly (OMNEFEEMNETABI i =m:1l,j = my: 1.

PEMZE S g By maadi B ¢ = 1omy o = 1o, 0 KATH

w1l
Ty = 2h, 2h, 2h,

1 [sw‘ - H<Ti+1']2; T s Lijn = Ty )+ a, Loy T Ty “+a, Lo T :| 7
q

1

Tl =

n . nt1
T, + T (8

ij

A 4 A
.

h,

2h,
(e R 0P O i L TR/ W U S SRR I E | £2
PSR PRI I AR SCRY SR it 7 TR AR 25 ) S B
2.2.2 HHEBREMH
B T FI FH Lax-Friedrichs ZU{E M %5 /R i 11 & —
A DA R R il I T T BT R AE 4B R
I FRATT 00 2 40 e 0 S A S B DX T A A
M. A, R A Kao G55 #2101 i b #3550 30
T AT S A A | R R R AR /)N SR T SRR e o
A DX X AL 2 ) R 30 S 2%
T = min(max (2T, — T, T.,;), T8,
Ty, =

. 1d
min(max (2T, ; — T, ;T 1,0 Thin,) s

. 1d
Ti = min(max (2T, — T2 Ti2) s T70) s
T o =

: Id
min(max(2T,,, — Ti,,—1sTi,,-1) 105,110,

(9
B4 Gauss-Seidel B Lax-Friedrichs 9 #f &
28 BRSSO A A ST R A
i = AN B AR .
(DR IR, LERZUE T 1A WA s 5L 4R 3T 1 M %
R TBORE 0 (8 A 1L, O HL 39 R G A R v i 2 { (]
JE AR U A% B AR AE B — A BRI G
R T A T S B 2 RE A e IHED L 3X 2 8 B Y
A I AE J5 S 05 I 23 T
() M. RS n+ 1 YIEALRE, BR 1R 2 1
R 37 (L P PG L S IR (LD SR TS A B
AR (qisr) T <<i<<my 1 << j <<m, WIH,JF
HEASE/NTLRTAE T), m A8 T 615
TE R » X A P o S 44 38 134 O AT B AE
TR IE R S A AN R B T . — Ok U d 4
IENALE AR/ G &L EE
() St T A F. B RMZ )5 B9
TR RS AR A 30 5 TR A — S 4l

2 2

+1 +1
o H(T;IAIq — T, Tl — T
Si j ’
2h,

n nt-1
.y TP 0+ TN
./+ar it ij ]

>+ % 2h, 2h,

1 .
OBBGEN. R | T — T |, < 6. ik
WEBOR Ik 3R L 6 J— 4 5 M BRI

3 A P 1 % 1o S 4 o S Rt 2
S 35 1 52

T WS H T b R MR B AR T A Y U o A
5 i) S5 1 T T 4 A B R 1 R R SR A b R ) &2
B P S M BT S L 2 TEOOT R () A RS AR M e A T A7
AN TR B 110 0 A2 P A 50 43 3k 2 BTy o6 P s 10 ) 3
A AR 1) o T ot B DR IR S A A 1) S
W08 5 0. 55 . WIS AR () A A AR R[] 1) R A%
B RE BE T S RRUR B T AN [A) A7 B A% B A Y 5
M) SR JFT 0 D0 F D0 42 ) 6 5 400 DX a6 47 3010 4 76 M
FNE A% B M R HOE W) R A o ™ T
Wi 5 B 2 o DO A 32 W 4 3 T R M RR R T
N IR A 1 v R (6 N R O TR N -
oS o 0T b e A AR AN () A T A ABE B R AT A 5. bR S
AR [ B A5 0 7 A 1 UG K 80 s 1) % 1] S Mt AN [
PR I o — 2L AN [i) R R T B 11 b, 5% b TR A 780 306 4 7 IF 5
HARESE S HERLE =S R80T —4ik
T A N IO I i R R O i B NV N
[—1 km, 1 km ]* 880 R AT B — A~ 1L Fe A A M
B 2H A s 1) Hb e e AR B AL e R R mT AR R T 1Y
WL REORF IR
z(x) = 1.0+ Acos(1l. 57x) km,
r € [—1km,1 km]. (10)
Hor, A 455 sR B PRI - A BUE A [6) 2678 3% b
TR AR B e ZUAR BE AN TR 4 A Ry 0. 1,0, 15,
0. 2.0. 25 AT, I VU FhAS [RGB 18 4% (100 X
100,200 200, 400 X 400, 800 X 800) 43 Il 25 # 1% 1
A Z R BRI Has 2 A Sl 0.2 BB A B i
T S (100X 100) ) 43 & (B D). AT LU Y fE R



10 22U 5 S NS AR TR AR 5 1) S5 P X A4 A A e SR S IR 3 3R R 0 A I R 3359

| |
I x 1

-1 1 km

1km

X
B 1 #FEHIE R () = 1.0+ 0. 2cos(1. 5xx) km [y

LT 55 44 £k 90 4% 1 4
Fig.1 The surface-fitting grids of the 100 X 100 mesh

for the model whose surface is described by the function

z(x) = 1.04 0. 2cos(1. 5x) km

Hi T A | W0 1A DO A% S A AL B A 2 R AR R 02
TR B s A X ks L D 5% 37 J) 2 5 B o 2 2 b 3R M O
U A X A% 11 TR R 8 3 422 30 T R TR & 45 1) S5 1 R
559, 8 T % A R IR AE AN [F] 4% 1 S P 0 U K D A b
XS B SR F AR R IR T 6 AN [ Y TR R Ak
(a= —0.9, —0.5, —0.1, 0.3 km, 0.7, 1.0 km) , 3%
PR S HARFR J (—0. 2 km, o). 1T 5 I8 1 5E B 3
TERZ IR AR AT Sk DR G i o A B R R —
X35k PR o5 10 40 B Ak R R Al (B L AR S
il rp  FRATHE LA SR IR A G 2B AR 0012 km (Y IX
S5 PR 1 P ) TR A R R

Ry 1A A AT A bR AR R i A A rp g B
HAE IS HBE Y R 2000 m/s. — MR, 2 T R
R B AROE T B L G A T i E A b 3R R ] LA
FHRHT KRR ARG OC T L MR BT i 2 AT DASK A 1. %)
TS [A] HIE 19 34 5] 4 o s 2, 43¢ BERRS 5 B Y 7 vk 1t
S LR R P A AT A O RN AR SO R BSO(E A X LR
2 25 T R O A% 25 1) S5 M T A R b 3% 1 R R R OR
2 W) BOE R YRR, Ay A Ly R Lo 1222,
Ly 1525 378 0 2 4 CBE R 1155 R A% 1 9 °F- 24 52
22 o DR b G A 300 1 A 00 A S AR 2 ) K 5
M L. B3R5 Mg by i KR 25, R H:
JR W 2 e B A R B 2 A RS Ly
L. iR 22 RSB o (7 IR

my m,
2020 [t = 17|

L](tsAx): =1 j=1 [} (11)

ny e m,

L. (t,Ax)= max|tm — 5], (12)
1 L, (¢,2A%)
@ logZIOg( L. (t.A0) ) (18)

Horp s b FRORTE B s A B 7 80 H 5809 A BT A
i FRFET AL AR R I R 7 # F] Lax-Friedrichs
PO A TS B R A . A 7R R A% [] BE.
3.1 X4E[E AR B 4T R (5] 45 B O R A8 B 9 3t E

ga g -R:0E- A

FERR X AN [ R B 11 M T 2 AR AN [R] B 7R TR
JEE O [)HE B2 8 T 5 4 it 96 A8 Y B M i
5T i — — A7 40X b 25 2R LB SR CLoax AL DAY
R B IREE A 0. 2, 5% IE A bR 8 (—0. 2 km,
1.0 k) (1) 485 B Sy 451 5F 43 v A T K B 1 9 A 1) S5 %t
A I B8 0 52

2 49 800 X 800 Iy & 43 PIA% I 11 3 I 45 £k
B &3 iR 7 AR T (ARG B2 1 ) 40 R A L T AR
22T R ROCR M 43 A5 0. A&l 3a FT 7R, Bl & M A%
(R T s DU A PN A% 5 1) S P Ol /) 1% 2 A B o 0/
FRATH AR L 4 ST S5 8- A5 30 A X T I A ORS R Y
MR 4 s o A 1. 0327,0. 9956, 0. 9989, 31X 5
A SCTT IR — BoRG BE I 2538 02 — B0, & 3b S AT
T [F)HRG BE 0 A& 510 43 o 1550 485 R U S50 7 22 Y ik
WKL, B w) DL, Bl ) A RE R 4R e, R AR
U Bt 2 3 22 4 33X 2t H R AR AR b 3 Y 2 pR 7 7R

-1 -0.5 0 0.5
x/km

B2 ikl 0.2 km (Y4 5% 0 AR Hh 22 468 200 52 Y AL Ao
9 (—0.2 km, 1.0 km) 1940 2 96 i 45 6 26 15
L1 2% ME 2R AR it A i« SRR SR R B i
A I AF (LR Y LN s,

Fig. 2 Traveltime contours (in seconds) for the model
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whose surface is a cosine curve-like feature
The source is at (—0. 2 km, 1.0 km). The black and red lines

denote the numerical and analytical solutions, respectively.
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Fig. 5 Absolute differences, or errors, (in seconds) between travel times calculated by the numerical and the analytical

solutions on the 800 X800 mesh for the model whose topography amplitude is 0. 2 km with different source depths
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Fig. Bl The strategy for computing analytical solutions of travel times for the irregular surface models of this paper

¢S’ denotes the source for this model; SE and SF are two vectors which are tangent to the cosine curve (irregular surface) at points ‘D’

and ‘G’ , respectively; ‘A’ denotes a point on the surface curve, while ‘B’ denotes a point beneath the surface; CB is tangent to the

cosine curve at point ‘C”; the cosine curve intersects the left and right boundaries at points ‘M’ and ‘N’, respectively.
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Table C1

with the source located at different depths, the unit for the source location is km

Errors and convergence order for the model whose topography amplitude is 0. 1 km

Source location Mesh L, error Order(L;) L.. error Order(L..) fteration
number
100X 100 1.1715X 102 - 2.3279X1072 - 11
200X 200 5.7237X10°3 1.0334 1.2772 X102 0. 8660 66
(0.2 1.0 400X 400 2.8483X10°3 1.0068 6.5493X10°% 0. 9636 112
800X 800 1.3828 X103 1.0426 5.6938X10°8 0.2019 199
100X 100 1.0573 X102 — 1.7310X10°2 — 37
200 X200 5.1269X10 3 1.0443 8. 0408 <10 1.1062 59
(0.2 0.1 400X 400 2.5254X1073 1.0216 3.8254X10°8 1.0717 100
800X 800 1.2538X10°% 1.0103 1.8665x10 % 1.0353 176
100X 100 9.6264X10° — 1.5709 X102 - 33
) 200X 200 4.6468X1073 1.0508 7.2915X10°% 1.1073 51
(0.2 0.9 400X 400 2.2944 X103 1.0182 3.5284X1073 1.0472 86
800X 800 1.1380X10°% 1.0117 1.7275X10 % 1.0303 150
100100 9.4446X 103 — 1.6328 X102 — 31
200X 200 1.5624X109 1. 0497 7.6665X10 1.0907 18
(702 70D 400 400 2.2488X1073 1.0201 3.7296 X108 1.0396 79
800X 800 1.1151X10°% 1.0120 1.8346X10 % 1.0235 138
100 X 100 9.8654X10 3 — 1.7191X10 2 — 35
) 200X 200 1.7985X 1073 1.0398 8.1819X10% 1.0711 55
(702 709 400 400 2.3647 X108 1.0209 3.9817X1078 1.0390 92
800X 800 1.1752X10 % 1.0088 1.9655x10 % 1.0185 161
100 X100 1.0983 X102 - 1.8158 X102 — 39
( 200X 200 5.3809X10° 1.0293 8.6682X103 1.0668 63
(702 0.9 400X 400 2.6564X1073 1.0184 4.2274X1073 1. 0360 106
800X 800 1.3206X10° 1.0083 2.0881X107% 1.0176 188

RC2 HRIEA 0.15 km HRZEMMRERERYBERETARRE , ARBENMEHNSNHNREMNERXRESH

Table C2 Errors and convergence order for the model whose topography amplitude is 0. 15 km

with the source located at different depths, the unit for the source location is km

Source location Mesh L, error Order(L;) L.. error Order(L..) teration
number
100X 100 1.3301 X102 — 2.9997 X102 — 48
200X 200 6.5369X107° 1.0248 1.5739 X102 0.9305 77
(0.2 1.0 400X 400 3.2606 X103 1.0035 7.9500X 1073 0.9853 132
800X 800 1.6236 X103 1.0060 4.0708X1073 0.9656 235
100X 100 1.1863 X102 - 2.0784X1072 - 43
200X 200 5.7540X103 1.0439 9.4827X103 1.1321 69
(70200 400X 400 2.8396 X103 1.0189 4.5166X10 % 1.0701 117
800X 800 1.4089 X103 1.0111 3.4379X10°3 0.3937 208
100X 100 1.0550X 102 — 1.8533 X102 — 39
) 200X 200 5.0866X 1073 1.0524 8.4839<107% 1.1273 61
(0.2 0.9 400X 400 2.5141x10°8 1.0167 4.0575X1073 1.0641 102
800X 800 1.2474 X103 1.0111 3.2695X1078 0.3115 178
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3% C2
Source location Mesh L, error Order(L;) L.. error Order(L..) eration
number
100X 100 1.0288 X102 - 1.9851 X102 - 38
200X 200 1.9610X 103 1.0522 9.1556X10 % 1.1165 58
(702 70D 400X 400 2.4492X10°3 1.0183 4.4095X1073 1.0541 95
800X 800 1.2174 X103 1.0086 2.5454 X103 0.7927 165
100100 1.0922X10 2 — 2.1358X 102 - 42
) 200X 200 5.3072X10 1.0412 1.0004 X102 1. 0942 66
(702 709 400X 400 2.6168X10° 1.0201 4.8321X10°3 1.0499 110
800X 800 1.3008 %10 1.0084 2.5071X1073 0.9466 192
100100 1.2409 X102 — 3.1429X10°2 - 47
( 200X 200 6.0587 X103 1.0343 1.4729X10 2 1.0935 75
(702 709 400X 400 3.0091X1073 1.0097 8. 65481073 0.7671 127
800X 800 1.4992X1073 1.0051 5.0173X107% 0.7866 224

RC3 OIRIEA 0.2 km WRZBEMREARELBREMLTARRE, AREEHMNEEH SHENIREMERREASH

Table C3 Errors and convergence order for the model whose topography amplitude is 0.2 km

with the source located at different depths, the unit for the source location is km

Source location Mesh L, error Order(Ly) L.. error Order(L..) lteration
number
100100 1.4082X 102 — 4.1063 X102 - 61
200X 200 6.8838X 10 1.0326 2.2383X10 2 0.8754 95
(0.2 1.0 400X 400 3.4946X 103 0.9863 1. 3476102 0.7320 162
800X 800 1.7639X10 % 0.9963 8.1893X 103 0.7186 288
100100 1.3564 X102 — 2.4442X 102 - 53
200X 200 6.6818X 10 1.0214 1.1186X10 2 1.1277 84
(70200 400X 400 3.3029%X10°3 1.0165 5.2892X107% 1.0805 143
800X 800 1.6442X10°3 1.0064 2.5677X10°% 1.0426 253
100X 100 1.1805X10 2 — 2.2110X 102 - 18
200X 200 5.7283X 109 1.0433 9.9715X 103 1.1488 74
(70209 400X 400 2.8343X1073 1.0151 4.7075X1073 1.0828 124
800X 800 1. 408710 % 1.0086 2.2898X10 3 1. 0397 218
100100 1.1423 X102 - 2.5343X10 2 - 149
200X 200 5.5735X107° 1.0353 1.1579X 102 1.1301 75
(702 0D 400X 400 2.7527X10°3 1.0177 5.5321X10°% 1.0656 120
800X 800 1.3692x10 % 1.0075 2.7005X 103 1.0346 205
100X 100 1.2408 X102 - 2.8031 X102 - 54
200 X200 6.0551 X103 1. 0351 1.3013 X102 1.1070 85
(702 709 400X 400 2.9946X 1073 1.0158 6.2377 X108 1. 0609 139
800X 800 1.4896 X103 1.0074 3.0523X10°8 1.0311 239
100X 100 1.4360X102 — 2.9945X102 — 60
200X 200 7.1143X10°3 1.0133 1.4046 X102 1.0921 96
(702 709 400X 400 3.5446 X103 1.0051 6.7788 X103 1.0511 161
800X 800 1.7677X10 % 1.0037 3.3248X 103 1.0278 280
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Table C4 Errors and convergence order for the model whose topography amplitude is 0. 25 km

with the source located at different depths, the unit for the source location is km

Source location Mesh L, error Order(L;) L.. error Order(L..) fteration
number
100100 1.6376X 102 - 5.1663X10 2 - 84
200X 200 7.9505X 10 1.0425 2.7821X10 2 0. 8929 127
(0210 400X 400 1.0133X10° 0.9863 1. 6521102 0.7519 211
800X 800 2.0246X 103 0.9872 1.0166X10 2 0. 7005 375
100100 1.5764X10 2 - 3,7129X 102 — 72
200X 200 7.7321X10°3 1.0327 1.9049X10 2 0. 9629 110
(70200 400X 400 3.8058X 109 0.9956 1.0902X 102 0.8051 186
800X 800 1.8937X10 % 0.9989 8.6407X10 % 0.3354 329
100100 1. 403610 2 — 2.9670X10 2 — 69
200X 200 7.2272X 10 0.9576 2.0071X10 2 0.5639 102
(70209 400X 400 3.3547X 107 1.1073 9.9815X 103 1.0078 163
800X 800 1.6713x10 3 1.0052 8.9487X 10 % 0.1576 283
100100 1.3614X10 2 — 3.0331X10 2 - 75
200X 200 6.6188X 10 1. 0404 1.5890X 102 0.9327 117
(702 70D 400X 400 3.2788X 109 1.0134 1.0620X 102 0.5814 188
800X 800 1. 6346103 1.0042 7.8428X 10 0.4373 309
100100 1. 4497 X102 — 3.2224 X102 - 83
200X 200 7.0543X 109 1.0392 1.7108X10 2 0.9134 131
(02 0.9 400X 400 3.4913X10°3 1.0147 1.1147 X102 0. 6180 215
800X 800 1.7415% 103 1. 0034 7.2127X 103 0. 6281 361
100X 100 1.6059X10 2 — 3.3798X10 2 - 90
200X 200 7.9478 X103 1.0133 1.7981X10 2 0.9105 145
(702 0.9 400X 400 3.9652X103 1.0051 1.1591 X102 0.6335 241
800X 800 1.9787x10 % 1.0037 7.4023X10 3 0. 6469 413
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