Geophysical Data Analysis Quiz #2

05-242628 —=HRE X

November 28, 2025

(1)
SRR ADPEIE 2 RO 2 L2 REIER W, S0 BAT VYV g0 IGHT VIV o450 200w 1SR L. E5H
(ERESE PR AEN

. 1 8’(1,1 Buj
€ = 5 (8$J + 8331) (1)
o5 = Aij Z €xk + 2p€; (2)
k

DIRILT B FHTS BALDS y TADBITHAE L BRI y HA =562 525, $hbbu, =u, =0, uy =
u(z, z) OS2 ET B, ZORE, (1) & D

10u 10u
Coy =z = 55 > w2 T Gy T 557 (3)
b, (2) RMfRATHUL
ou ou
Ogy = /‘% , Ozy = N& s Oyy = 0 (4)

ZRLZIEDTESL, 220, SHOMBEOETIVTIEE y A L@ RWEEZEZTRVRES, HOHH &V
iy HADHRIZDWTEZNE L, Xo Ty MEDOEENZ p(x,2) & TIUL,

004y n 0o yy L 00 5y

5 oy 5, = Plz.2) (5)
0?u  O%u
- [ <W+W> = p(, ) (6)

Ehs, (L (@) XEHGE,) 6) RER2Z EZ0UL u, p TR L THS2ISHIET, p1(x, 2) IS8T 28 ui(z, 2)
& po(m,2) T BIR us(x, 2) ZH AT uy +ug 13 p1 + po KT BRE > T 5,

X > T4 magnitude s; @ right-lateral faulting 3% & di ~ d? 1% b, magnitude sy @ right-lateral faulting
DVEZ dy ~ d3 ITHEL T2, 247 u 1 EZ NZND right-lateral faulting 2MERNICEALE L 26 DL % il
by L b,

Fric, FIETRHDN TV % Tmagnitude s @ right-lateral faulting 25%£ & dy ~ do 12H 2 1KEE) X, "magnitude

i https://topex.ucsd.edu/pub/sandwell/geodynamics_notes/14_1_strike_slip_fault_1.pdf


https://topex.ucsd.edu/pub/sandwell/geodynamics_notes/14_1_strike_slip_fault_1.pdf

—s O right-lateral faulting 23 X 0 ~ d; 12H 5 IRAE L magnitude s D right-lateral faulting 23 & 0 ~ do ITH
LREOHENAGDLY ) LARTIENTES, XoT, KODZENIX

_ d d
’U/(w, d]_, d2) = —% tan_l ;1 _ ;tan_l ;2 (7)
d d
" U(IL‘, dla d2) = *% <tan1 ;2 — tanfl :I;l> (8)

L%,

(2)

fliH D7 ® . Tmagnitude s @ right-lateral faulting 25V dy ~ do ICHBKD 2 = 0 TD y HIANDENL %
u(zydy,da,s) EEHL T EICT B, PFER, BN 2 = —50,—45,--- ,50 km  TBIHIS L7 y H~0LhE
u(z;) ERT I EILT B,

ITC%5. 0—-1km, 1 —-2%km, ---, 19— 20 km & discretize L 7 fault O KE I IZEF % magnitude %
S1, 82, +*+, 890 EHEIFWT I EILTEE, T—FdMOPETNANTIRAI mIF1<i<200I LT
m; = S; (11)

ThHb, £, (1) TR LEBEEMND S, discretize L7z fault I X A EETOEMIBBIEELAEDETRD B Z &
MCED, KoTHESE 2, =0,1,2,- ,20km TF L TRICHA LR Ao,

20
u(x;) = u(xs; 20, 21, 51) + ulwi; 21, 22, 52) + - - - 4+ w(@;; 219, 220, 520) = ZU(% $25-1,%5,85) (12)
i=1

D, Z2IT,1<i<20,1<j <20 LT—=FH—FIVG %

1 1 Ri—1 1 Zq 1
Gij = T <tan ! Jx—l —tan~! sz) = g w(wis 2j-1, %5, 55) (13)
DEH IR
20 20 20
d; = u(z;) = Zlu(asz 251,25, 85) = Zl gu(:ﬂl Zj—1,%2j,85) - Sj = ZlGijmj (14)
i= i= j=

E20T, GRBIAGEAd=Gm 27z $ 2 L TE 5, 5. BEBILL RS 2; & BIIGLE «; ZPEAITH 55
5 Gy BBERITH Y., BIMEd, b ERBRHOMBETH 2D TINSGZMATETANRTIAY m 2HfET 2 2 LNTE
50

2 8) RAD s NI AFE L THIRINCEET L2 TH S, Thbb,

d d
u(z;dy,da, s) = _2 (tan_1 92 ian—? i) ©)
x x

s



a priori TBBRZAWRWEE !

FHOIC, o priori FEEZNGTIC m &2KDB 2 EEEATHS, JHREETR- 78D T,
m=GUd=(G"G)" G"d (15)

DEIIZRKDBZEDRTES, LoT, ERICmZRDTs; =m; ZRRTBEEUTD LI,

108 T 5 T T
o o
108 | 1
o o
o
o
E
3 ° o
E 100 | ? 1
=] o
£
2
] o o .
o
108 | 1
o
o o
106 1 1 1
0 5 10 15 20

depth[km]

Figurel: Slip estimation with no a priori information. Be aware that the y axis has a very wide range, showing

the numerical instability of this estimation.
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Figure2: Slip estimation using continuous slip condition as a priori information. (a): ABIC as function of the

damping parameter. (b): Estimation of slip magnitude s[m]
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Figure3: Slip estimation using continuous slip condition and boundary no-slip condition as a priori information.
Boundary no-slip condition here constrains slip magnitude to 0 m at depth of 20 km.(a): ABIC as function of

the damping parameter. (b): Estimation of slip magnitude s[m]
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Figure4: Slip estimation using continuous slip condition and weighted no-slip condition as a priori information.
No-slip constraint gets stronger as depth deepens, starting from 15 km and reaching its maximum at 20 km.

(a): ABIC as function of the damping parameter. (b): Estimation of slip magnitude s[m]
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Figureb: Slip estimation using smooth slip condition and weighted no-slip condition as a priori information.
No-slip constraint gets stronger as depth deepens, starting from 15 km and reaching its maximum at 20 km.

(a): ABIC as function of the damping parameter. (b): Estimation of slip magnitude s[m]
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Figure6: Comparison of slip estimation under various a priori information. The correspondence is as follows;

Purple points: data from Figure2. Green points: data from Figure3. Orange points: data from Figure4. Blue

points: data from Figureb.
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Figure7: Slip estimation using continuous slip condition and weighted no-slip condition and surface offset as a

priori information. (a): CVSS as function of the damping parameter. (b): Estimation of slip magnitude s[m]
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Figure8: Slip estimation using smooth slip condition and weighted no-slip condition and surface offset as a

priori information. (a): CVSS as function of the damping parameter. (b): Estimation of slip magnitude s[m)]
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Figure9: Comparison of slip estimation under different a priori information. The correspondence is as follows;

Purple points: data from Figure8. Green points: data from Figure7.
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Figurel10: Comparison of Slip estimation before/after surface offset was given. (a): a priori : continuous slip

condition and weighted no-slip condition (b): a priori : smooth slip condition and weighted no-slip condition

w12, Figurel0Tld surface offset 2352 6 N7-HI & TED & H 1T slip BB L 7222 KR L T\ %, 10a,10b23
ZNZEH continuous slip & smooth slip IZX)IEL TV 525, MHFICEBWTHHEHITRELDIE, HE 0 TOMED
1m] I WEFE S5 I220, BED slip DML TR TN EFE LN TS 2 L TH S, surface offset
DEPITEZ S NS HNIE VT NDLEICE VTS surface offset 2 1[m] & DI CHED > T 72, surface
offset= 1[m] 7352 617 T & THRHTOD slip magnitude 32 E L TWRT 5 IR LEZ OGNS,

BRIz, [ (3) oEI% & LT Figure7 & Figure8DM 7 2EM 5 2 LI12§ 5, 213D, continuous (—FEA5T)

» smooth (ZRE#2457) @ EH 623 a priori information & L THI b LWDh, AT TERWwiD, =D
RO TEZESIETWIEL,
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EZFF : SEAVW FORTRAN O—R

FORTRAN: ABIC method under (continuous slip / weighted no-slip)

program main

11[E = 7

IR BBZFEEHDIFTOIREDITS
implicit none

real(8) :: data_vector (20)

real(8) :: G(20,20),depth(0:20),x(20)

real(8) :: G_transpose(20,20),mat_inverse (20,20)
real(8) :: G_g(20,20)

real(8) :: model_vector (20),model_vector_best (20)
real(8) :: D_mat(39,20),D_T_D(20,20),weight (20),alpha
real (8) ,parameter :: pi = 3.14159265359

integer :: i,j,k

real (8) ,allocatable :: WORK(:)

integer :: IPIV(20),INFO,LWORK=64

real(8) :: lambda_2,lambda_2min,lambda_2max,ratio,lambda_2_best
integer :: lambdamesh

real(8) :: temp(20,20),temp_vect (20)

integer :: N,M,rankDTD,MN

real(8) , allocatable :: s(:)

real(8) :: U(1,1),VT(1,1)

integer :: 1ldu,ldvt

real(8) :: WORK_query (1)

real(8) :: eps, tol

real(8) :: ABIC,temp_val_1,temp_val_2,temp_val_3,determinant
real(8) :: ABIC_best

integer :: sign

VEBERE - ————— — —

data_vector= (/0.142,0.138,0.174,0.180,0.208,&

& 0.238,0.290,0.348,0.491,0.529,-0.590,-0.459,-0.367,&
%-0.290,-0.239,-0.206,-0.166,-0.149,-0.125,-0.091/)

do i = 0,20
depth(i) = real(i,8)
end do

x = (/-50.0,-45.0,-40.0,-35.0,-30.0,-25.0,-20.0,&
% -15.0,-10.0,-5.0,5.0,10.0,15.0,20.0,25.0,30.0,35.0,40.0,45.0,50.0/)

do i = 1,20

do j = 1,20
G(i,j)=(-1.0/pi)*( atan(depth(j)/x(i)) - atan(depth(j-1)/x(i)) )
end do
end do

D_mat = 0.0d0
1 1~19 T: SETEDDIRESD
do i = 1,19

do j = 1,20

if (i == j) then
D_mat(i,j) = -1.0d0
else if (j == i+1) then
D_mat(i,j) = 1.0d40
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59
60
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62
63
64
65
66
67
68
69
70
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72
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75
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97
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100
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103
104
105
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107
108
109
110
111
112
113
114
115
116
117
118
119
120

else
D_mat(i,j) = 0.0d0
end if
end do
end do
! RS CEDEH wi ZRDOD (Hl: 10km UEZ R 0 ICFE 2)
alpha = 1.0 | 246D — )L (H & THE)

do i = 1,20
if (i <= 14) then

weight (i) = 0.0d0 1 0~10 km & B H
else

weight (i) = ((i-14.0)/6.0)**1.0 ! 10~20 km T fRAIC#&<
end if

end do

! 1T 20~39 : sqrt(alpha*w_i)*e_i~T
do i = 1,20
if (weight(i) > 0.0d0) then
D_mat (19+i, i) = alpha*weight (i)
end if
end do
D_T_D = matmul (transpose(D_mat),D_mat)
VBB RE————

!lambda_2% log A 7 — )L TZE{L I ¥ Tn( "2)E K. ABICEEH T %,
lambdamesh = 10000

lambda_2min = 1.0e-15

lambda_2max = 1.0e4

lambda_2_best = lambda_2min

ratio = (lambda_2max/lambda_2min)**(1.0/real(lambdamesh,8))

lambda_2=lambda_2min

LWORK = 64

allocate (WORK (LWORK))
open(10,file='ABIC_5.dat',status='replace',action='write')
do k = 1,lambdamesh

G_transpose = transpose(G)
temp = lambda_2*D_T_D
mat_inverse = matmul (G_transpose,G) + temp

call dgetrf (20,20,mat_inverse,20,IPIV,INFO)
call dgetri(20,mat_inverse,20,IPIV,WORK,LWORK, INFO)
G_g = matmul(mat_inverse,G_transpose)

model_vector= matmul (G_g,data_vector)
'write (*,*) 'model_parameter'
model_vector = matmul (G_g,data_vector)
do i = 1,20

'write(*,*) i,model_vector (i)
end do
lurite (x,%)
lyrite(*,*) 'd-Gm'
temp_vect = matmul (G,model_vector)
do i = 1,20

lwrite (*,*) i,data_vector(i)-temp_vect (i)
end do

lurite (x,%)

!calculating ABIC
N=20

M=20

MN = min(M,N)
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121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182

'rank DT D®D

temp = D_T_D

if (allocated
deallocat

end if

allocate (S(MN

ldu = 1

ldvt =1

call dgesvd('

T E

(s)) then
e(s)

)

N','N"',20,20,temp,20,5,U,1du,VT,1dvt ,WORK_query,-1,INF0)

LWORK = int (WORK_query (1))

deallocate (WO
allocate (WORK
temp = D_T_D
call dgesvd('
eps = epsilon
tol = max(M,N
rankDTD=0
do i =1, MN
if (8(1)
end do

'ABIC
temp_val_1 =
temp_val_2 =
temp_val_1 =
temp_val_2 =
temp = matmul
call dgetrf (2
sign = 1
do i = 1,20
if (IPIV (i
sign
end if
end do
determinant =

doi=1,n

RK)
(LWORK))

N','N'",20,20,temp,20,5,U,1du,VT,1ldvt,WORK,LWORK, INFO)
(1.040)
) * eps * S(1)

> tol) rankDTD = rankDTD + 1

sum((data_vector-matmul (G,model_vector))*(data_vector-matmul (G,model_vector)))
lambda_2*sum(matmul (D_mat ,model_vector)*matmul (D_mat ,model_vector))

real (20-20+rankDTD,8) *log(temp_val_1l+temp_val_2)

-rankDTD*1log(lambda_2)

(G_transpose,G)+lambda_2*D_T_D

0,20,temp,20,IPIV,INFO)

)/=1i)then

= -sign

sign

determinant = determinant* temp(i,i) 'U OX AR S ODE

end do
temp_val_3 =
ABIC = temp_v
if (k==1)then

log(abs(determinant))
al_l+temp_val_2+temp_val_3

ABIC_best=ABIC

model_vector_best = model_vector
end if
if (ABIC_best > ABIC) then

ABIC_best = ABIC

lambda_2_best = lambda_2

model_vector_best = model_vector
end if

write(10,*) 1

ambda_2,ABIC

lambda_2 = lambda_2*ratio

end do

write(*,*) 'best_
close (10)
open(10,file='./m
do i = 1,20

write (10,*) i
end do
close(10)

end program

lambda_2=',lambda_2_best

odel _parameter_b5.dat',status='replace',action='write')

-0.5,model_vector_best (i)
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FORTRAN: CVSS method under (smooth slip / weighted no-slip)

program main
!'surfacel R &% D
1 & 5 [Cweighted,
1E 52 ENIER AL

implicit none

real(8) :: data_vector (20)

real(8) :: G(20,20),depth(0:20),x(20)

real(8) :: G_transpose(20,20) ,mat_inverse(20,20)

real(8) :: G_g(20,20)

real(8) :: model_vector (20),model_vector_best (20)

real(8) :: D_mat(38,20),D_T_D(20,20) ,weight (20) ,alpha

real (8) ,parameter :: pi = 3.14159265359

integer :: i,j,k

real(8),allocatable :: WORK(:)

integer :: IPIV(20),INFO,LWORK=64

real(8) :: lambda_2,lambda_2min,lambda_2max,ratio,lambda_2_best
integer :: lambdamesh

real(8) :: temp(20,20),temp_vect (20)

integer :: N,M,rankDTD,MN

real(8) , allocatable :: s(:)

real(8) :: U(1,1),VT(1,1)

integer :: 1ldu,ldvt

real(8) :: WORK_query(1)

real(8) :: eps, tol

real(8) :: ABIC,temp_val_1,temp_val_2,temp_val_3,determinant
real(8) :: ABIC_best

integer :: sign

real(8) :: e_1(20),sigd_sigl_pow2,G_j(19,20),d_j(19),CVSS,el_el_T(20,20),sig_d_2,&

& CVSS_best

"B HEBEBRE——————— —

data_vector= (/0.142,0.138,0.174,0.180,0.208,&

& 0.238,0.290,0.348,0.491,0.529,-0.590,-0.459,-0.367,&
&-0.290,-0.239,-0.206,-0.166,-0.149,-0.125,-0.091/)

do i = 0,20
depth(i) = real(i,8)
end do

x = (/-50.0,-45.0,-40.0,-35.0,-30.0,-25.0,-20.0,&
& -15.0,-10.0,-5.0,5.0,10.0,15.0,20.0,25.0,30.0,35.0,40.0,45.0,50.0/)

do i = 1,20
do j = 1,20
G(i,j)=(-1.0/pi)*( atan(depth(j)/x(i)) - atan(depth(j-1)/x(i)) )
end do
end do

D_mat = 0.0d0

! === 1~181T: ZEEZ% (1 = 2..19) ===
do i = 2, 19 ' MEBAYT YT Rd
j=i-1 ' TES (1..18)
D_mat(j, i-1) = 1.0d0 ! m_{i-1}

D_mat(j, i ) = -2.0d40 ! m_i
D_mat(j, i+1) = 1.0d0 ' om_{i+1}

end do
| REILEDEH wi BRDD (B 10km UFEZERL 0 KHFE® D)
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63
64
65
66
67
68
69
70
71
72
73
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75
76
7
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79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

alpha =
do i =1
if (

else

end
end do

1.0 " 2K DT =)L (& THE)

,20

i <= 14) then

weight (i) = 0.0d0 ! 0~10 km (F B H
weight (i) = ((i-14.0)/6.0)**1.0 ! 10~20 km T fRA ([C&<
if

! 17 19~38 ! sqrt(alpha*w_i)*e_i"T

do i=1
if (

end
end do
D_T_D =

,20

weight (i) > 0.0d0) then

D_mat (18+i, i) = alphax*weight (i)
if

matmul (transpose(D_mat) ,D_mat)

B MERE ——— —

D_T_D =

e_1 = 0.
e_1(1) =

matmul (transpose(D_mat) ,D_mat)

0
1.0

sigd_sigl_pow2 = (0.02/0.05)*%2.0

sig_d_2

0.02x%2.0

I ERE — — — —

!'lambda_
lambdame
lambda_2
lambda_2
lambda_2

ratio =

lambda_2
LWORK =
allocate
open (10,
do k =1
'wri
CVSS
do j

2%Zlog AT — )L TELSITE Tn( "2)Z K&, ABICZEEHT %,
sh = 100000

min = 1.0e-8
max = 1.0e3
_best = lambda_2min

(lambda_2max/lambda_2min) **(1.0/real (lambdamesh,8))

=lambda_2min
64
(WORK (LWORK))
file='CVSS_2.dat',status='replace',action='write')
,lambdamesh
te(*,*) real(k,8)/real (lambdamesh,8)
= 0.0
= 1,20
do i = 1,19
if (i<j)then
d_j(i) = data_vector (i)
else if (i>=j) then
d_j(i) = data_vector(i+1)
end if

if (i<j)then
G_j(i,:) = G(i,:)
else if (i>=j) then
G_j(i,:) = G(i+1,:)
end if

end do

el_el_T = 0.0

el_el _T(1,1) = 1.0

temp = lambda_2*D_T_D+sigd_sigl_pow2*el_el_ T
mat_inverse = matmul (transpose(G_j),G_j) + temp
call dgetrf (20,20,mat_inverse,20,IPIV,INFO)

call dgetri(20,mat_inverse,20,IPIV,WORK,LWORK, INFO)
G_g = mat_inverse
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126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168

temp_vect = matmul (transpose(G_j),d_j) + sigd_sigl_pow2%*e_1
model_vector= matmul (G_g,temp_vect)

CVSS = CVSS + (1.0/sig_d_2)*((data_vector(j)-dot_product(G(j,:),model_vector))**2.0)

end do
CVSS = CVSS/20.0

temp = lambda_2*D_T_D+sigd_sigl_pow2*el_el_T
mat_inverse = matmul (transpose(G),G) + temp

call dgetrf (20,20,mat_inverse,20,IPIV,INFO0)

call dgetri(20,mat_inverse,20,IPIV,WORK,LWORK, INFO)

G_g = mat_inverse

temp_vect = matmul (transpose(G),data_vector) + sigd_sigl_pow2xe_1
model_vector= matmul (G_g,temp_vect)

if (k==1) then
CVSS_best=CVSS
model_vector_best = model_vector
end if
if (CVSS_best > CVSS) then
CVSS_best = CVSS
lambda_2_best = lambda_2
model_vector_best = model_vector
end if

write(10,*) lambda_2,CVSS

lambda_2 = lambda_2*ratio
end do

write(*,*) 'best_lambda_2=',lambda_2_best
close (10)
open(10,file="'./model _parameter_surface_2.dat',status='replace',action='write')
do i = 1,20
write(10,*) i-0.5,model_vector_best (i)
end do
close (10)

end program

20




