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Surface wave dispersion

@ Surface waves, showing not impulse nor quasi-harmonic behavior, are
difficult to be studied in time or spectral domain, since their principal
feature, dispersion, is described by a function rather than a single

parameter.
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Depth [km]

Surface wave dispersion

@ For a given mode, shorter frequencies (longer periods) sample a larger
portion of the structure, where faster layers are present: phase velocity
c is therefore faster
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Surface wave dispersion

@ For a given mode, shorter frequencies (longer periods) sample a larger
portion of the structure, where faster layers are present: phase velocity
c is therefore faster
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Depth [km]

Surface wave dispersion

@ For a given frequency, higher modes sample a larger portion of the
structure, where faster layers are present: phase velocity c is therefore

faster
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Depth [km]

Surface wave dispersion

@ For a given frequency, higher modes sample a larger portion of the
structure, where faster layers are present: phase velocity c is therefore

faster
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Depth [km]

Surface wave dispersion

@ For a given frequency, higher modes sample a larger portion of the
structure, where faster layers are present: phase velocity c is therefore
faster

Modes: 4- 4 Freq: 0.300- 0.300 End: O (levp_n.spr)
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Depth [km]

Surface wave dispersion

@ For a given frequency, higher modes sample a larger portion of the
structure, where faster layers are present: phase velocity c is therefore

faster

Modes: 8- 8 Freq: 0.300- 0.300 End: O (levp_n.spr)
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Depth [km]

Surface wave dispersion

@ For a given frequency, higher modes sample a larger portion of the
structure, where faster layers are present: phase velocity c is therefore
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FTAN - Graphical representation

© Converting:
- the frequency to period T
- arrival times t of energy packets to group velocity U
one has the typical FTAN map of a signal:
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FTAN - XFTAN20123 graphic user interface

& New empty window

8 00 Untitled
Seismogram
| Read ASCII_| Read a seismogram in ASCI| format
| Reagsac | Read a seismogram in SAC format
Get some info about the seismogram
FTAN
Map Produce the FTAN map with parameters specified below
Tmin (s): | 0.1 Minimum period of the FTAN analysis
Tmax (s): 1 Maximum period of the FTAN analysis
vmin (km/s): 0.1 Minimum group velocity of the FTAN analysis
Vmax (km/s): 4 Maximum group velocity of the FTAN analysis
N.of filters: 32 Number of narrow-band Gaussian Filters
Alpha: 100 & value defining the shape of the filters
Digitize
*) Disp. Curve Digitize a dispersion curve using the mouse
Upper Bound Digitize the upper bound of a mask using the mouse
Lower Bound Digitize the lower bound of a mask using the mouse
Filter
v/ Manual Manually define the time window when filtering using the dispersion curve
] Apply the FTAN filtering using the digitized dispersion curve
Mask Apply the FTAN filtering using the digitized mask
Phase Vel
Tref (91| 0.9 Period at which the phase velocity should be searched within the range defined below
Min (km/s): 0.8 Minimum phase velocity at Tref
Max (km/s): 1.3 Maximum phase velocity at Tref




FTAN - XFTAN20123 graphic user interface

© After reading a seismogram

| ® 0 O Untitled (pdepth.syz.00001.ft)
-
Read ASCII | ;
ReadSAC | 0D000CK Time series plot
Info \ :
Al T r L ' v Al T T ' ¥ LA Al ‘ '
0 50 100 150
FTAN Time (s)
gniene)
Tmin(s): 0.1
Tmax (s):| 1]

Vmin (km/s): | 0.1
vmax (km/s):| 4

N. of filters: | 32
Alpha: 100

Digitize

¢ | Disp. Curve

Upper Bound

Lower Bound

Filter
v Manual
Filter

Mask

Phase Vel

Tref(s): 09
Min (km/s): 0.8
Max (km/s): 1.3



FTAN - XFTAN20123 graphic user interface

@ FTAN map has been produced with default parameters

® 00 Untitled (pdepth.syz.00001.ft)
Seismogram 1(s)=194.60 U(m/s)=2047.64 Amp=-0.00000010 F(Hz)=0.48 T(s)=2.07 Amp=0.16 .
1 4.0 Fourier spectrum
Read ASCII ; g
Read SAC 0ooogg 5 20 Invertible structure
: 2
Info 4
: oo Reference structure
T T T ¥ ' L Al T T ' L L Al T ' T L} L " o
0 50 100 150 0.01 0.1 1 0
FTAN Time (¢} FTAN amplitude legend ~ Freauency (H2) Vs plot
T 0 ' 100 Vs (mvs)
N @ Structural Model 0 200 400
Tmin (s):| 0.1 40 W  Depth(m) Thkim)  D(g/ecm3) | Vp(m/s) | Vs’.a/s) 0 Qs 0 " TO
Tmax(s):| 1 7] 5 1.7 500 250 .20 100 4 -
] 5 1.7 600 300 220 100 1 t
i . 10 1.7 700 350 © 220 100 1 [
vmin Qum/s): [ 0.1 ] 10 17 800 a0 220 100 5 1 rS
vmax (km/s): 4 351 1 r
N. of filters: | 32 ] 10 3 |L[- 10
Alpha: | 100 ] ] [
g 30 ] ] [
o 1 15 - - 15
Digitize ~ 1 3 1 [
.(—I) - — - | 4
(®) Disp. Curve £ 25 ] 2 ] [
> ] & 20 3 L 20
) Upper Bound ] Fundamental Mode NumDer ] [
‘ ] F (H2) Ts) Um/s) | C(mjs) ) L
Lower Bound 20 ] 25 ] :__ 25
| 1 r
Filter 1 - :'
1 1 [
v/ Manua 15 1 30 1 F %
4 ] [
Iter : ; -
m J 35 - - 35
Mas FrTTETTTTrTTTrTTTTeTYY
B . |+ K| | default.stp 10 05 00 05 1.0
Phase Vel Te) o dU/dVs
ase ve Forward Inverse
Tref ([ 0] S0 H $) (B Invert Read Plot
rd - - -
Min (km/s): 0.8 FTAN map

Max (km/s):




FTAN - XFTAN20123 graphic user interface

© FTAN map after adjusting parameters

Seismogram

Read ASCII |
Read SAC |

Info ]

Map

|
1

Tmin (s):
Tmax (s): | 100

Vmin (km/s): 1.8
6

Vmax (km/s):

N. of filters: | 32
Alpha: 10

Digitize
(®) Disp. Curve

(_) Upper Bound
() Lower Bound

Filter
v Manual
Filter

Mask

Phase Vel

Tref(s): 0.9
Min (km/s): 0.8
Max (km/s): 1.3

1(s)=194.60 U(m/s)=2047.64 Amp=-0.00000010

F(Hz)=0.01 T(s)=107.49 Amp=1.07

Fourier Amp
N
o

1
100
Time (s)

6.0

55

T(s)=76.270 F(H2)=0.013 U(m/s)=1852 L/2(m)=70629 A=56 I:lw Depth (m)

o
=)

Structural Model

Thk (m)
5

5

10

10

Fundamental Mode

F (Hz) T(s)
0.0050  200.00000
0.0100  100.00000
0.0150 66.66667
0.0200 50.00000
0.02%0 40.00000
P.2300 33.33333
0.0350 28.57143
0.0400 25.00000
0.0450 22.22222

Theoretical fundamental mode

0.1
Frequency (Hz)

D(g/em3) | Vp(m/s) Vs (m/s) Qp Qs
1.7 500 250 220
1.7 600 300 220 100
1.7 700 350 220 100
1.7 800 400 220

| NumDer

U (m/s)
3535
3690
3819
3800
3656
3413
3129
2882
2719

C(m/s)
4413
3962
3894
3876
3847
3792
3707
3601
3489

| .
100 g (3 '+ K| | defaultstp %)

Forward

1 Hz

Inverse

JRLE Invert.. | | Read | | Plot

Adjusted frequency for theoretical mode computation

Depth (m)

Vs (nvs)
200 400

o
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FTAN - XFTAN20123 graphic user interface

© FTAN map after adjusting structure layering

Seismogram

Read ASCII |
Read SAC |

Info ]

Map

|
1

Tmin (s):
Tmax (s): | 100

Vmin (km/s): 1.8
6

Vmax (km/s):

N. of filters: | 32
Alpha: 10

Digitize
(®) Disp. Curve

(_) Upper Bound
() Lower Bound

Filter
v Manual
Filter

Mask

Phase Vel

Tref(s): 0.9
Min (km/s): 0.8
Max (km/s): 1.3

1(s)=14.28 U(m/s)=27899.03 Amp=-0.00000006

F(Hz)=0.01 T(s)=107.49 Amp=1.07

Fourier Amp
N
o

1
100
Time (s)

T(s)=3.249 F(H2)=0.308 U(m/s)=4852 L/2(m)=7883 A=51

o
=)

0.1
Frequency (Hz)

Structural Model

(/W | Depth(m) Thk (m) Vp (m/s)
4410
5580

6500

Vs (m/s) Qp
2550
3180 20
3760

D (g/em3)

4000 241
26000 2.66
30000 2.9

Fundamental Mode | NumDer

F (Hz) T(s)
0.0050  200.00000
0.0100  100.00000
0.0150 66.66667
0.0200 50.00000
0.02%0 40.00000
P.2300 33.33333
0.0350 28.57143
0.0400 25.00000
0.0450 22.22222

U (m/s)
3474
3561
3550
3291
2911
2660
2571
2552
2557

C(m/s)
4370
3889
3778
3687
3551
3391
3251
3145
3066

7 100 M | [+ || [ defaultstp |

Forward Inverse

1 Hz JRLE Invert.. | | Read | | Plot

Theoretical fundamental mode now fitting the FTAN map dispersion

Adjusted layering

8
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FTAN - Dispersion

© Dispersion curve of Rayleigh fundamental mode digitized manually by
the user on the FTAN map (from synthetic seismogram)
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FTAN - Phase equalization

@ Performed according to the user-identified dispersion relation for
Rayleigh fundamental mode

Phase equalization

t=7.22 Amp=1.20
1.2 8

1.0 5

0.8

Amp

0.6 5

0.4 5

N

{:','U & 1 1 1 I I I 1 1 I 1 1 1 I I 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1
8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0

Time (s)



FTAN - Filtered map

@ Filtered according to the user-identified dispersion relation for Rayleigh
fundamental mode

Original Filtered

0 100 0 100

Tis)=0.334 F{Hz)=2.993 Uim/s)=217 L/2(m)=36 A=0 |:|w 1.00 Tis)=0.105 F{Hz)=9.551 U[m,!'5:|=9?9 LfZim)=5%1 A=59 |:|w
T

0.90 ]

0.80 7

LI I | | I I | LI B B | | B | I LI B B | LI B | 1 Ll | I B I |
010 045 020 025 030 035 040 045 050
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FTAN - Filtered seismogram

@ Performed according to the user-identified dispersion relation for
Rayleigh fundamental mode

t{s)=11.66 U(m/s)=427.16 Amp=181.2

II L | I LI B | LI | LI | rmrri LI | LI I | I
4 G 8 10 12 14 16 18
Time (s)



FTAN - Filtered map, higher mode

© Dispersion curve of Rayleigh hisher mode(s) digitized manually by the
user on the FTAN map

1.00 Tis)=0.476 F{Hz)=2.099 Uim/s)=252 L/2(m)=60 A=0 I_:IW 1.00 Ti(s)=0.353 F{Hz)=2.833 Ulm/s)=382 L/2{m)=67 A=5 |_:|W
0.90 ] 0.90
0.80 ] 0.80 ]
0.70] 0.70
—0.60 _0.B60
_ L
- E
X i X ]
:,0.5()__ 30.50__
0.40 ] 0.40 ]
: :
0.30 - 0.30 1
¥
0.20 ] 0.20
rrrr1yrrrrryprTrTd e IIIIIIIIIIIIIlIIIIIIIIlIIlIIIIIlIIIIIIIII
010 . . : . . . 010 045 020 025 030 035 040 045 050

T(s)



FTAN - Phase equalization

@ Performed according to the user-identified dispersion relation for
Rayleigh higher mode(s)

Phase equalization

t=15.3 Amp=0.025

0.12+

gﬂ.ﬂa—_
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FTAN - Filtered map, higher mode

© Performed according to the user-identified dispersion relation for
Rayleigh higher mode(s)

Original Filtered
0 100 0 100
1.00 T(s)=0.124 F{Hz)=8.095 Uim/s)=796 L/2(m)=49 A=24 |.:|W 1.00 T(s)=0.176 F{Hz)=5.667 U(m/s)=944 L/2(m)=83 A=351 |:,|W

LI | I I LI B B | I LI B |
025 030 035 040 045 050
T(s)



FTAN - Filtered seismograms

© Performed according to the user-identified dispersion relation

0 100

Tis)=0.334 F(Hz)=2.993 Ulm/s)=217 L/2(m)=36 A=0 |: w

1.00_
0.90 ]
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] Phase equalization
0704 : 1722 Amp=1.20 i t(s)=11.66 U(mis)=427.16 Amp=181.2
=060 ] 1.2é ]
;é 1 ] 100
50.50 ] 1.0+ .
] E [ J
1 ] = 0 S
0.40 ] L 087 < .
- E . -1
] < 063 - -
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] 2 J Time (s)
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T(s) Time (s)
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FTAN - Parametric tests from synthetics

@ Effect of motion type:

@ Same distribution of ridges in the FTAN map

& Change in the period range more evident in the FTAN map

@ Effect of epicentral distance

@ Stable fundamental mode dispersion identification

@ Better signal/noise ratio with increasing distance

@ Effect of source depth

@ Longer periods better excited by deeper sources for the same mode

@ Different excitation of modes: higher modes better excited by deep sources



FTAN - Effect of motion type

@ Displacement time series

Seismogram 1(s)=73.79 U(m/s)=5399.81 Amp=-0.00000073

Read ASCII |

Read SAC |

0.1
Frequency (Hz)

o c‘llllAgjlll

Vs (mvs)
Structural Model 2000 4000 6000

T Y — el am el aaa
Tmin(s):| 1 g0 T6)=51.495 F(H2)=0.019 U(m/s)=3630 L/2(m)=93461 A=77 [ JW | Depth(m) ' Thk(m) | D(g/cm3) | Vp(m/s) | Vs(m/s) & Qp | Qs

Tmax (s): | 100 : 4000 2.41 4410 2550 750
2000 30000 229 600 370 7% 300

b 55 0000 20000 8100 4510 750
Vmax (km/s): © 10000 8070 4360 750 300
: 10000 8020 4410 750 300
N. of fikters: | . 125 25000 7930 4370 750 300
15 25000 7850 4350 750 300
Alpha: 17 25000 7890 4360 750 300
2 25000 7980 4380 750 300
2 25000 8100 @0 750 30

. ‘ 25000 8210 4460

Digitize ‘ 50000 8380 4540 750

bisp. C ; 5 50000 8620 4680 750
(®) Disp. Curve g 50000 8870 4850

() Upper Bound v Fundamental Mode

() Lower Bound ~ FHa) T(s) Ulm/s) Cim/s)
0.0050  200.00000 3640 4359

, 0.0100  100.00000 3605 3928

Filter : 0.0150  66.66667 3519 3805
r 0.0200 50.00000 3233 3691

0.0250 40.00000 2887 3543
0.0300 33.33333 2666 3383
Filter - 0.0350 28.57143 2581 3247
J 0.0400 25.00000 2558 3143

0.0450 22.22222 2560 3065

Al

¥

8

LA [ LA B S B S S

3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

oW aaanwwwiwN
NOOWWo oWk OO0~ Y

v Manual

Mask T L e | - AELLELE BLEL L S BRI A B
10 W5 [+ [levpnstp 3| 11 10 05 00 05 1.0

dUfavs

Phase Vel
Forward Inverse z (km)=189.9
Vs (m/s)=2753.8

Tref(s): 0.9 N dU/dVs=-0.09
Min (km/s): | 0.8] | | Invert.. | | Read || Plot |

Max (km/s): 1.3




FTAN - Effect of motion type

@ Velocity time series

Seismogram 1(s)=198.76 U(m/s)=2004.72 Amp=-0.00000182 F(H2)=0.01 T(s)=77.83 Amp=1.46

Read ASCII |

Read SAC

Fourier Amp
o
(==}

Info

oo e o ol o 3 2 W1

o
=)

0.1
Frequency (Hz)

Map Vs (m/s)
e Structural Model 2000 4000 6000

e ¥ e ol vl s aa

Temin ():[__1] _ /W Depth(m) Thk(m  Di(g/cm3)  Vpim/s)  Vsim/s)  Qp Qs
Trmax (s): 4000 2.41 4410 2550 750 300

i 26000 2.66 5580 3180 750 300

vmin (kmy/s): | 1. 30000 6500 3760 750 300
- ~ 20000 8100 4510 750 300

vmax (km/s): 10000 8070 4460 750 300
. ; 10000 8020 4410 750 300

N. of filters: | . 12¢ 25000 7930 4370 750 300

: 25000 7850 4350 750 300

Alpha: ! 25000 7890 4360 750 300

, 25000 7980 4380 750 300

25000 8100 4420 750 300

e 25000 8210 4460 750 300
Digitize 50000 8380 4540 750 300
Diso. C - T 50000 8620 4680 750 300
(®) Disp. Curve 4 50000 8870 4850 300

() Upper Bound - Fundamental Mode __| NumDer 300

F (Hz) Tis) Uim/s) C (m/s)
- 0.0050  200.00000 3640 4359
! 0.0100  100.00000 3605 3928

Filter e 0.0150  66.66667 3519 3805
v 0.0200 50.00000 3233 3691

0.0250 40.00000 2887 3543
0.0300 33.33333 2666 3383
Filter ot 0.0350 28.57143 2581 3247
. 0.0400 25.00000 2558 3143

0.0450 22.22222 2560 3065

Mask T 1 T I S e e

10 W (3 [+]K] [ levp_n.stp 1/1 40 05 dUOI:V 05 1.0
S

Forward Inverse z (km)=194.1
Vs (m/s)=876.2

dU/dVs=-0.71

3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

oW aaanwwwiwN
NOOWWo oWk OO0~ Y

Depth (km)

Q Lower Bound

v Manual

Phase Vel

Tref(s): 09
Min (kmls):' 0.8
Max (km/s): 1.3

1 Hz M Invert... | Read | |




FTAN - Effect of motion type

‘ Acceleration time series

|8 00
Read ASCII | g 1.2
Read SAC | 508
S —
o 0.4
Info | L
0.01 0.1 1 10
FTAN Frequency (Hz)
Map | Vs (mvs)
e Structural Model 0 2000 4000 6000
i o — e Yl o s aal s s
TminGs):|__1] 6.0 (/W | Depth(m) Thk(m)  Dig/cm3) | Vp(mfs) | Vs(m/s) Qp | Qs 0 0
Tmax (s): 100 4000 2.41 4410 2550 750 300 i i
o 26000 2.66 5580 3180 750 300 - 1
vmin (km/s): | 1.8 30000 2.9 6500 3760 750 300 E .
20000 3.36 8100 4510 750 300 - L
vmax (km/s): 6 10000 3.37 8070 4460 750 300 100 4 L 100
, 10000 3.38 8020 4410 750 300 ] [
N. of filters: | 32 25000 3.39 7930 4370 750 300
25000 3.41 7850 4350 750 300 - i
Alpha: = 10 25000 3.43 7890 4360 750 300 1 -
25000 3.46 7980 4380 750 300 - .
25000 3.48 8100 4420 750 300
Diaiti 25000 35 8210 4460 750 300 . 200¥ 200
igitize 50000 3.53 8380 4540 750 300 E
Disp, C 50000 3.58 8620 4680 750 300 = - i
(®) Disp. Curve 50000 3.62 8870 4850 750 300 § 1 -
() Upper Bound Fundamental Mode _ NumbDer 300 — ~ 300
) Lower Bound F (H2) T(s) Uimis) Ci(m/s) ) [
et 0.0050  200.00000 3640 4359
0.0100  100.00000 3605 3928 : 1
Filter 0.0150  66.66667 3519 3805 - -
0.0200  50.00000 3233 3691 400 = - 400
= Manual 0.0250  40.00000 2887 3543 i L
0.0300  33.33333 2666 3383 i |
= 0.0350  28.57143 2581 3247
iiter 0.0400 25.00000 2558 3143 ) i
0.0450  22.22222 2560 3065 - I
Mask I3 v T Ty T v T - 500 = 500
1 10 100 W | + ‘ K | | default.stp + | 1/1 10 05 00 05 10
Phase Vel T B o dU/dVs
Forward Inverse z (km)=205.3
Tref ) W Vs (m/s)=1627.2
rer (s). A —
1 Hz 21 (3 :) [ m| invert.. | | Read || Piot du/dvs=-0.46

Min (km/s): 0.8
Max (km/s): 1.3



FTAN - Effect of epicentral distance
© 100 km

1(s)=166.03 U(m/s)=599.97 Amp=-0.00000273

I
100 . 0.1
Time (s) Frequency (Hz)

Vs (mvs)
Structural Model 0 2000 4000 6000

— el o Nl aaaa
—— (JW | Depth(m) Thk(m) D(g/cm3) | Vp(m/s) | Vsim/s) = Qp | Qs 0
Tmax (s): 100 3 4000 2.41 4410 2550 750
0000 26000 2.66 5580 3180 750 300
Vmin (km/s): | 1.8] 60001 30000 6500 3760 750 300
: 20000 20000 8100 4510 750 300
vmax (km/s): 6 000 10000 8070 4460 750 300
10000 8020 4410 750 300
N. of filters: | 32 . 25 25000 7930 4370 750 300
: S 25000 7850 4350 750 300
Alpha: 10 8 25000 7890 4360 750 300
B ) 2 25000 7980 4380 750 300
S0000 23000 8200 4460 730 300
2 aes 2 2 4
Digitize ~ 50000 8380 4540 750
Disp. C. / 15 50000 8620 4680 750
(®) Disp. Curve 4 50000 8870 4850

() Upper Bound : Fundamental Mode

() Lower Bound F (H2) T(s) Uim/s) Cm/s)
0.0050 200.00000 3640 4359

0.0100 100.00000 3605 3928

Filter e ) 00150  66.66667 3519 3805
' 0.0200 50.00000 3233 3691

0.0250 40.00000 2887 3543
0.0300 33.33333 2666 3383
Filter . 0.0350 28.57143 2581 3247
i 0.0400 25.00000 2558 3143

0.0450 22.22222 2560 3065

8

3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

onnvYaabnnwwiwinN
NOOWWo oWk OO0~ Y

v Manual

Mask ——rrr | a00-
W N @ |+]K] default.stp & 1/1 40 05 00 05
dU/dVs

Forward Inverse z (km)=183.0
Vs (m/s)=3546.6

dU/dVs=0.17

Phase Vel

Tref(s): 0.9
Min (km/s): 0.8
Max (km/s): 1.3

| Invert.. || Read || Plot |




FTAN - Effect of epicentral distance
© 200 km

Seismogram 1(s)=51.18 U(m/s)=3892.85 Amp=-0.00000235 F(H2)=0.01 T(s)=185.64 Amp=0.19

Read ASCII |

Read SAC |

0.1
Frequency (Hz)

Vs (mvs)
Structural Model 2000 4000 6000

i .'—' _— llll'llllll“‘
Tmin(s):| 1 6.0  T(5)=94.726 F(H2)=0.011 U(m/s)=4976 L/2(m)=235659 A=6 [ /W | Depth(m) Thk(m) | D(g/cm3) | Vp(m/s) | Vsim/s) = Qp | Qs

Tmax (s): | 100 : 4000 2.41 4410 2550 750
2000 30000 229 600 370 7% 300

b 55 0000 20000 8100 4510 750
Vmax (km/s): © 10000 8070 4360 750 300
: 10000 8020 4410 750 300
N. of fikters: | . 125 25000 7930 4370 750 300
15 25000 7850 4350 750 300
Alpha: 17 25000 7890 4360 750 300
2 25000 7980 4380 750 300
25000 8100 @0 750 30

. ‘ 25000 8210 4460

Digitize ‘ 50000 8380 4540 750

bisp. C ; 5 50000 8620 4680 750
(®) Disp. Curve g 50000 8870 4850

3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

oW aaanwwwiwN
NOOWWo oWk OO0~ Y

() Upper Bound v Fundamental Mode

O Lower Bound ~ FHa) T(s) Ulm/s) Cim/s)
0.0050  200.00000 3640 4359

& : 0.0100  100.00000 3605 3928

Filter e N 0.0150  66.66667 3519 3805
0.0200 50.00000 3233 3691

v Manual 0.0250 40.00000 2887 3543

: 0.0300 33.33333 2666 3383

Filter 0.0350 28.57143 2581 3247

J 0.0400 25.00000 2558 3143

0.0450 22.22222 2560 3065

Mask T S

AELRELELE AP BLELEE SR AL LR B R

m N
W N g |+]K] . default.stp  + | 1/1 140 05 00 05 1.0
dU/dVs
Forward Inverse \z/ (k(m)/“)mzzdga ;
sim/s)= .
Tref(s): 0.9 dU/dVs=-0.32

Min (km/s): | 0.8] Ulmert | | Read | | Pt |
Max (km/s): 1.3

Phase Vel




FTAN - Effect of epicentral distance
@ 300 km

Read ASCII |
Read SAC |

0.1
Frequency (Hz)

Vs (mvs)
Structural Model 2000 4000 6000

i - — lllllllllll“‘
Trin G:[__1] _ (/W | Depth(m) Thk(m)  Dig/cm3) | Vp(mfs) | Vs(m/s) Qp | Qs
Tmax (s): | 100 2 4000 2.41 4410 2550 750
000! 26000 2.66 5580 3180 750 300
Vmin km/s): | 1. 60001 30000 6500 3760 750
: 3000 20000 8100 4510 750
vmax (km/s): ( 10000 8070 4460 750 300
: 10000 8020 4410 750 300
N. of filters: | . 128 25000 7930 4370 750 300
15 25000 7850 4350 750 300
Alpha: 17¢ 25000 7890 4360 750 300
2 25000 7980 4380 750 300
25000 8100 4420 ;gg ggg
. ) 25000 8210 4460
Digitize ‘ 50000 8380 4540 750
Disp. C : 15 50000 8620 4680 750
(®) Disp. Curve g 50000 8870 4850

3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

oW aaanwwwiwN
NOOWWo oWk OO0~ Y

() Upper Bound v Fundamental Mode

O Lower Bound ~ FHa) T(s) Ulm/s) Cim/s)
0.0050  200.00000 3640 4359

i 0.0100  100.00000 3605 3928

Filter 0.0150  66.66667 3519 3805
] 0.0200 50.00000 3233 3691

v Manual 0.0250 40.00000 2887 3543
0.0300 33.33333 2666 3383

Filter . 0.0350 28.57143 2581 3247

J 0.0400 25.00000 2558 3143

0.0450 22.22222 2560 3065

Mask 2 rerTeTeTY AR B R BB B

1 -~
W N g |+]K] . default.stp  + | 1/1 140 05 00 05 1.0
dU/dVs

Forward Inverse \z/ (l;m)/--)zz‘is1 ,
sim/s)=41l.
Tref(s): 0.9 dU/dVs=-0.99

Min (km/s): 0.8] (i) (mftnd ] |t
Max (km/s): 1.3

Phase Vel




FTAN - Effect of epicentral distance
© 400 km

Read ASCIl |

. Read SAC |

0.1
Frequency (Hz)

o oll‘lAgllll

Vs (mvs)
Structural Model 2000 4000 6000

z . — Faoa ol ool aaaa
Tmia x| 1) _ _JW | Depth(m) Thk(m D(g/cm3) | Vp(m/s)  Vs(m/s) | Qp Qs

Tmax (s): | 100 ' 4000 2.41 4410 2550 750 300
26000 2.66 5580 3180 750 300
vmin (km/s): | 1. 0000 30000 6500 3760 750 300
: 20000 20000 8100 4510 750 300
vmax (km/s): o 10000 8070 4460 750 300
: 10000 8020 4410 750 300
N. of fikers: : 128 25000 7930 4370 750 300
15 25000 7850 4350 750 300
Alpha: | 10 17 25000 7890 4360 750 300
2 25000 7980 4380 750 300
22 25000 8100 4420 ;gg ggg

. ) 25000 8210 4460
Digitize ‘ 50000 8380 4540 750 300
Diso. C . 5 50000 8620 4680 750 300
(®) Disp. Curve : 50000 8870 4850 300

() Upper Bound ! Fundamental Mode .| NumDer

U ¢ Bound F (Hz) T(s) Uim/s) C (m/s)
0.0050 200.00000 3640 4359

0.0100  100.00000 3605 3928

Filter 0.0150  66.66667 3519 3805
r 0.0200 50.00000 3233 3691

0.0250 40.00000 2887 3543
0.0300 33.33333 2666 3383
Filter e 0.0350 28.57143 2581 3247
. 0.0400 25.00000 2558 3143

0.0450 22.22222 2560 3065

3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

oW aaanwwwiwN
NOOWWo oWk OO0~ Y

v Manual

Mask T T ~ 500 =
100 1 (7 '+ K| | defaultstp &  1/1 10 05 00 05

dUfavs

Phase Vel
Forward Inverse z (km)=97.8
Vs (m/s)=500.7

Tref(s): 0.9 -
— 1Hz ) ( , | invert.. || Read | [ Plot | S0
Min (km/s): | 0.8 e ) J ,

Max (km/s): 1.3




FTAN - Effect of source depth
© 10 km

Seismogram 1(s)=182.69 U(m/s)=2181.03 Amp=-0.00000034 F(H2)=0.42 T(s)=2.41 Amp=0.12

Read ASCII |

Read SAC |

0.1
Frequency (Hz)

o cll‘lAgjlll

Vs (mvs)
Structural Model 2000 4000 6000

z . — Faoa ol ool aaaa
Trin G:[__1] _ (/W | Depth(m) Thk(m)  Dig/cm3) | Vp(mfs) | Vs(m/s) Qo | Qs
Tmax (s): | 100 2 4000 2.41 4410 2550 750
000( 26000 2.66 5580 3180 750 300
Vmin km/s): | 1. 60001 30000 6500 3760 750
: 3000 20000 8100 4510 750
vmax (km/s): ( 10000 8070 4460 750 300
: 10000 8020 4410 750 300
N. of filters: | . 128 25000 7930 4370 750 300
15 25000 7850 4350 750 300
Alpha: 17¢ 25000 7890 4360 750 300
2 25000 7980 4380 750 300
2 25000 8100 4420 ;gg ;gg
. ) 25000 8210 4460
Digitize ‘ 50000 8380 4540 750
Disp. C : 15 50000 8620 4680 750
(®) Disp. Curve g 50000 8870 4850

() Upper Bound v Fundamental Mode

O Lower Bound ~ FHa) T(s) Ulm/s) Cim/s)
0.0050  200.00000 3640 4359

, 0.0100  100.00000 3605 3928

Filter : 0.0150  66.66667 3519 3805
r 0.0200 50.00000 3233 3691

0.0250 40.00000 2887 3543
0.0300 33.33333 2666 3383
Filter - 0.0350 28.57143 2581 3247
J 0.0400 25.00000 2558 3143

0.0450 22.22222 2560 3065

3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

oW aaanwwwiwN
NOOWWo oWk OO0~ Y

v Manual

Mask T Ty 500 -

‘60 | | Q |+]K] default.stp & 1/1 10 05 00 05
dU/dVs

Phase Vel
Forward Inverse z (km)=97.8
Vs (m/s)=500.7

Tref(s): 0.9 dU/dVs=-0.83
Min (km/s): | 0.8] | | Invert.. | | Read || Plot |

Max (km/s): 1.3




FTAN - Effect of source depth
© 20 km

Read ASCII |
Read SAC |

0.1
Frequency (Hz)

Vs (mvs)
Structural Model 2000 4000 6000

z . — sa ¥ ol o sl s aaa
Trin G:[__1] _ (/W | Depth(m) Thk(m)  Dig/cm3) | Vp(mfs) | Vs(m/s) Qp | Qs
Tmax (s): | 100 2 4000 2.41 4410 2550 750
000( 26000 2.66 5580 3180 750 300
Vmin km/s): | 1. 60001 30000 6500 3760 750
: 3000 20000 8100 4510 750
vmax (km/s): ( 10000 8070 4460 750 300
: 10000 8020 4410 750 300
N. of filters: | . 128 25000 7930 4370 750 300
15 25000 7850 4350 750 300
Alpha: 17¢ 25000 7890 4360 750 300
2 25000 7980 4380 750 300
25000 8100 4420 ;gg ;gg
. ) 25000 8210 4460
Digitize ‘ 50000 8380 4540 750
Disp. C : 15 50000 8620 4680 750
(®) Disp. Curve g 50000 8870 4850

3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

oW aaanwwwiwN
NOOWWo oWk OO0~ Y

() Upper Bound v Fundamental Mode

() Lower Bound . ~ FHa) T(s) Ulm/s) Cim/s)
D - 0.0050  200.00000 3640 4359

[ : - 0.0100  100.00000 3605 3928

Filter . 0.0150  66.66667 3519 3805
0.0200 50.00000 3233 3691

v Manual 0.0250 40.00000 2887 3543
0.0300 33.33333 2666 3383

Filter 0.0350 28.57143 2581 3247

J 0.0400 25.00000 2558 3143

0.0450 22.22222 2560 3065

Mask T rerTeTeTY AR S B AL B BB B

1 .
W N g |+]K] . default.stp  + | 1/1 140 05 00 05 1.0
dU/dVs
Forward Inverse \z/ (l;m)/-)zslsz.:; .
sim/s)= .
Tref(s): 0.9 dU/dVs=-0.59

Min (km/s): | 0.8] Ulmert | | Read | | Pt |
Max (km/s): 1.3

Phase Vel




FTAN - Effect of source depth
© 30 km

Seismogram 1(s)=188.64 U(m/s)=2112.23 Amp=0.00000003
Read ASCIl |
Read SAC |

005 v v v rah

0.01 0.1
Frequency (Hz)

Vs (mvs)
Structural Model 2000 4000 6000

T N . saa Bl o sl v aaa
Trin G:[__1] _ (JW | Depth(m) Thk(m)  D(g/cm3) | Vp(mfs) | Vs(m/s)

Tmax (s): 100 2 4000 2.41 4410 2550

ol mooaw

Vmin (km/s): . ) arbniet 20080 o100 -

vmax (km/s): ( 10000 8070 4460

: 10000 8020 4410

N. of filters: | z 128 25000 7930 4370

15 25000 7850 4350

Alpha: 17¢ 25000 7890 4360

2 25000 7980 4380

25000 8100 4420

2 oree ) 25000 8210 4460

Digitize ‘ 50000 8380 4540

Disp. C. . 15 50000 8620 4680

(®) Disp. Curve g 50000 8870 4850

3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

oW aaanwwwiwN
NOOWWo oWk OO0~ Y

() Upper Bound v Fundamental Mode

() Lower Bound ~ FHa) T(s) Ulm/s) Cim/s)
0.0050  200.00000 3640 4359

0.0100  100.00000 3605 3928

Filter 0.0150  66.66667 3519 3805
\ 0.0200 50.00000 3233 3691

v Manual 0.0250 40.00000 2887 3543
0.0300 33.33333 2666 3383

Filter 0.0350 28.57143 2581 3247

J 0.0400 25.00000 2558 3143

0.0450 22.22222 2560 3065

Mask T T . 500 =
100 1 (7 '+ K| | defaultstp &  1/1 10 05 00 05
dU/avs

Forward Inverse z (km)=223.5
Vs (m/s)=1710.7

Tref(s): 0.9 dU/dVs=-0.43
Min (km/s): | 0.8] | | Invert.. | | Read || Plot |

Max (km/s): 1.3

Phase Vel




