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ABSTRACT

ABSTRACT

Since ancient times, the coastal areas of Chave élways been characterized by
high population, developed economy and convenient transportation. However, there is
meanwhile highetevel tsunami hazard than inner lands. For recent years, the studies
about the tsunami hazard analysis have been progregsidgally, but most of them
gave the qualitative analysis with the deterministic method. Because of some key steps
of PTHA (probabilistic tsunami hazard analysis) need to be improved, the key problems
need to be effectively solved, thelhave beeress quatitative evaluations with the
probability analysis method. So this thesis focuses on determining the key parameters in
PTHA, improving PTHA method and evaluating the sensitivities in PTHA. Finally the
tsunami hazard maps are complied along the coasts afeChina. The major works
are detailed below.

(1) Determine the key parameters in PTH¥ first several empirical relationships
between magnitude and fault length, width, slip are summarized. By comparing their
suitable magnitude range, suitable regioand actual application situation, it is
suggested the one given by Papazachos et al. (2004) is suitable for the parameter
estimation in local and region tsunami sources in China, in addition to compare its
empirical values with actual values of severdtductive tsunami occurred recent years.

As scenario tsunamiwith the maximum magnitude of the potential local tsunami
sources, it simulates the largest influence along Chinese coastal areas by tsunami waves
and calculates the affected range of coasedsawith the most dangerous cases. The
affected ranges for each local tsunami source are proposed.

(2) Improve the key PTHA method. The exceedance probabilities of the different
tsunami waves in three sites in Dayawan are calculated by using the teddiGHA
method. It can be found there still some shortages in traditional PTHA maetieod:
uncontinuity of the discrete magnitude interval can induce the discrete distributions of
tsunami wavesthere is no point considering the space randomness whehneuees
occur in potential tsunami sources; the uncertainties are not considered reasonably. In
order to solve these problems above, this thesis propose a improved PTHA method
based on Monte Carlo technique. The magnitude and the location of epicenter in
potential sources are took random samples for many times instead of magnitude
discretization step in traditional PTHA method. Finally, use new method to calculate the
exceedance probability in the same sites for comparing. It suggests that the new method
can effectively improvéhe shortages of traditional method.

(3) Analysis the sensitivities of input parameters in PTHA. We study the sensitivity
of bathymetry data to the numerical simulation of earthquake tsunami in the South
China Sea. These data soutceom SRTM, ETOPO, GEBCO has been used
commonly in public. We take the Manila subduction zone as the potential tsunami

n



sources. The results show that the differences between different kinds of bathymetry
data have a negligible influence on tsunami numergalulation; the errors of
bathymetry data themselves do not affect the simulated wave amplitudes, but obviously
affect the wave phases. It can be concluded that the bathymetry data has slightly
influence on the tsunami simulation while laxggd (low-resolution) bathymetry data is

used in numerical simulation. The present opening bathymetry data may satisfy the
demand on numerical simulation of tsunami propagation in open seas.

(4) Compile the tsunami hazard maps along coastal areas in China. The PTHA
andysis in 1480 sites along southeast Chinese coasts is took by using the improved
method based on Monte Carlo technique. Totally, there are 640 scenario tsunamis
simulated in 2 potential region tsunami sources and 8 potential local tsunami sources.
According to the simulated results, a series of maps associated with the exceedance
probability curves for 1m, 2m, 3m, 4m and 5m in 1 year, 10 years, 50 years and 100
years are compiled respectively. And a map associated with the return period for 1m,
2m, 3m, 4m ad 5m waves is also compiled.

Key words: earthquake tsunami, local tsunami, probabilistic tsunami hazard analysis,
numerical simulation, Monte Carlo, sensitivity, tsunami hazard map
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T Z P
110°E 120°E 130°E 140°E
40°N 40°N
30°N 30°N
20°N 20°N
10°N = : 10°N
110°E 120°E 130°E 140°E
Local sources Regional sources Tsunami catalogues
1 Sha’nan No.3 6 Penglai No.1 11 Xiamen No.3 R1 Manila Trench @ This study
2 Bohai No.1 7 Subei 12 Nan’ao R2 Ryukyu Trench © Lau et al. (2010)
3 Bohai No.2 8 Quanzhou 13 Taiwan @ Mak and Chan (2007)
4 Huangbei 9 Xiamen No.1 14 Zhu-Ao ———— e NGDC/WDS (2013)
5 Huanghekou 10 Xiamen No.2 15 Dan’gan 0 500km
32 W 4 P
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31 | N B

S T 0 B

RR1 290 98 15 30 15 315 8.5
RR2 256 92 20 32 19 315 8.4
RR3 282 97 18 45 20 310 8.5
RR4 215 83 20 53 25 310 8.3
RR5 130 65 25 72 30 344 7.9
RR6 170 74 25 81 35 355 8.1
RM1 210 82 20 350 14 110 8.2
RM2 310 109 20 29 20 110 8.6
RM3 135 66 20 3 20 90 7.9
RM4 140 66 20 351 20 90 7.9
RM5 166 71 20 353 30 50 8.0
RM6 142 66 20 308 30 50 7.9

Caq 3-1A
3322 0 0
Y K A N ynp~ ! No
. . 7
3-2
1 11459°E 22.62°N
2 11454 °E 22.48°N
3 11477 °E 22.59°N
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33 P(1, Mj) W
RR1 RR2 RR3 RR4 RR5 RR6
7.0 0.03094 0.07624 0.02010 0.02085 0.02659 0.02115
71 0.02520 0.06084 0.01604 0.01664 0.02122 0.01687
7.2 0.02053 0.04855 0.01280 0.01328 0.01693 0.01347
7.3 0.01673 0.03874 0.01022 0.01059 0.01351 0.01075
7.4 0.01363 0.03092 0.00815 0.00845 0.01078 0.00858
7.5 0.01110 0.02467 0.00651 0.00675 0.00861 0.00684
7.6 0.00905 0.01969 0.00519 0.00538 0.00687 0.00546
1.7 0.00737 0.01571 0.00414 0.00430 0.00548 0.00436
7.8 0.00600 0.01254 0.00331 0.00343 0.00437 0.00348
79 0.00489 0.01000 0.00264 0.00274 0.00349 0.00277
8.0 0.00399 0.00798 0.00211 0.00218 0.00278 0.00221
8.1 0.00325 0.00637 0.00168 0.00174 0.00222 0.00177
8.2 0.00265 0.00508 0.00134 0.00139 0.00177 0.00141
8.3 0.00216 0.00406 0.00107 0.00111 0.00142 0.00113
84 0.00176 0.00324 0.00085 0.00089 0.00113 0.00090
8.5 0.00143 0.00258 0.00068 0.00071 0.00090 0.00072
8.6 0.00117 0.00206 0.00054 0.00056 0.00072 0.00057
8.7 0.00095 0.00165 0.00043 0.00045 0.00057 0.00046
8.8 0.00077 0.00131 0.00035 0.00036 0.00046 0.00036
89 0.00063 0.00105 0.00028 0.00029 0.00037 0.00029
9.0 0.00051 0.00084 0.00022 0.00023 0.00029 0.00023
3-4 A 1 J X P(Mj) w
l ' T

7.0 0.24356 0.24356

7.1 0.20588 0.20588

7.2 0.17402 0.17402

7.3 0.14710 0.14710

7.4 0.12434 0.12434

75 0.10510 0.10510

oo W Ay Ho ~ Nez Y A
n y 17 1.0 7 wo
()i 0 ’
v T 1 | @ Mpo M; v
g
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35 1 W W (m)

RM1 RM2 RM3 RM4 RM5 RM6
7.00 0.17 0.17 0.14 0.12 0.16 0.14
7.10 0.16 0.14 0.15 0.16 0.15 0.18
7.20 0.16 0.15 0.14 0.20 0.13 0.11
7.30 0.18 0.15 0.17 0.20 0.16 0.16
7.40 0.17 0.18 0.18 0.15 0.16 0.17
7.50 0.16 0.16 0.15 0.26 0.16 0.15
7.60 0.19 0.14 0.25 0.18 0.22 0.17
7.70 0.32 0.17 0.19 0.21 0.24 0.17
7.80 0.45 0.28 0.27 0.18 0.18 0.15
7.90 0.51 0.27 0.3 0.23 0.15 0.17
8.00 0.66 0.25 0.36 0.28 0.26 0.19
8.10 0.85 0.36 0.44 0.34 0.21 0.18
8.20 1.18 0.49 0.93 0.41 0.23 0.22
8.30 1.45 0.66 0.63 0.48 0.25 0.28
8.40 1.65 0.84 0.77 0.60 0.34 0.33
8.50 2.01 1.10 0.92 0.83 0.41 0.42
8.60 2.68 1.43 1.21 0.96 0.49 0.48
8.70 2.94 1.95 1.51 1.05 0.60 0.71
8.80 3.19 3.01 1.82 1.13 0.82 0.83
8.90 341 4.16 2.07 1.52 0.96 1.05
9.00 375 5.01 2.33 221 1.54 1.36

(3-17), O % 1m Ho A 3-6A
36 W 1.0

RM1 RM2 RM3 RM4 RM5 RM6
7.00 i i i [ [ i
7.10 i i i i i i
7.20 i i i i i i
7.30 i i i i i i
7.40 i i i i i i
7.50 i i i i i i
7.60 i i i i i [
7.70 i i i i i [
7.80 i i i i i [
7.90 i i i i i [
8.00 i i i i i [
8.10 i i i i i [
8.20 S i i i i [
8.30 S i i i i [
8.40 S i i i i i
8.50 S S i i i i
8.60 ) ) S i i [
8.70 S S S S i i

3



8.80 S S S S i i
8.90 S S S S i S
9.00 S S S S S S
(3-17) (3-18 (3-19) 3-7A
3-7 W W 1.0
RR1 RR2 RR3 RR4 RR5 RR6
7 0 0 0 0 0 0
7.1 0 0 0 0 0 0
7.2 0 0 0 0 0 0
7.3 0 0 0 0 0 0
7.4 0 0 0 0 0 0
7.5 0 0 0 0 0 0
7.6 0 0 0 0 0 0
7.7 0 0 0 0 0 0
7.8 0 0 0 0 0 0
7.9 0 0 0 0 0 0
8 0 0 0 0 0 0
8.1 0 0 0 0 0 0
8.2 0.00265 0 0 0 0 0
8.3 0.00216 0 0 0 0 0
8.4 0.00176 0 0 0 0 0
8.5 0.00143  0.00258 0 0 0 0
8.6 0.00117 0.00206 0.00054 0 0 0
8.7 0.00095 0.00165 0.00043 0 0 0
8.8 0.00077 0.00131 0.00035 0.00036 0 0
8.9 0.00063 0.00105 0.00028 0.00029 0 0.00029
9 0.00051 0.00084 0.00022 0.00023 0.00029 0.00023
SUM 0.01203 0.00949 0.00182 0.00088 0.00029 0.00052
) ! 0
3-8 W W 1.0
!
7 0 0
7.1 0 0
7.2 0 0
7.3 0 0
7.4 0 0
7.5 0 0
SUM 0 0
av 7 [P M Ms7.0y:: 3
3-9A
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39 ] A 1 J X [i
! T
0 0.12%0 0.0005 0.0002

(3-20) ~ 1-6 @ v v 10 Y
i 0 w ' vi(HOL.0)=0.00150 v,(HOL.0)=0.00119 v3(HAL.0)= 0.0023
V4(HOL.0)= 0.00011 vs(HOL.0)= 0.00004 vg(HOL.0)=0.00007A

3-10 1 A 1 J X (1.0m)
! T
0.00313 0 0
(3-20) i 1.0y ‘
Vi(HOL.0)=0.00313 i ! 0 ‘1
o 1.0 Py(HOL.0)=0 100 p 1.0 Y
0%AT = T 0 ‘1P 1.0
W P(HAL0)=0% 100 p 1.0 W 0%A
(321) 1 p 1.0 " Pn(HOL.0)=0.00313 100 p
1.0 W 26.9%A
©) ’
(3-21) i a ! a = T
1 p 1.0 w 0.00313 100 p 1.0
W 26.9% (3-22y 1.0 320 A
3323 4+
32T 7 - A A
311 1° W W (m)
RM1 RM2 RM3 RM4 RM5 RM6
7.00 0.01 0.01 0.01 0.01 0.01 0.00
7.10 0.02 0.02 0.01 0.01 0.01 0.01
7.20 0.02 0.03 0.02 0.02 0.01 0.01
7.30 0.03 0.03 0.03 0.02 0.01 0.01
7.40 0.04 0.05 0.04 0.03 0.02 0.01
7.50 0.06 0.06 0.05 0.04 0.02 0.02
7.60 0.07 0.07 0.06 0.05 0.03 0.02
7.70 0.10 0.09 0.07 0.06 0.04 0.03
7.80 0.12 0.10 0.09 0.08 0.04 0.03
7.90 0.15 0.12 0.10 0.09 0.04 0.03
8.00 0.19 0.15 0.10 0.10 0.04 0.05
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8.10 0.23 0.17 0.10 0.12 0.06 0.06
8.20 0.29 0.20 0.11 0.14 0.07 0.08
8.30 0.35 0.27 0.14 0.12 0.09 0.11
8.40 0.41 0.33 0.18 0.13 0.11 0.14
8.50 0.47 0.42 0.21 0.18 0.17 0.17
8.60 0.55 0.55 0.27 0.23 0.20 0.23
8.70 0.61 0.67 0.33 0.24 0.22 0.30
8.80 0.76 0.96 0.42 0.31 0.28 0.38
8.90 1.04 1.15 0.57 0.40 0.34 0.55
9.00 1.34 1.23 0.79 0.52 0.42 0.70
312 1 1 0
10 50 100

0.10 1.42% 1334%  5111%  76.10% 704

0.20 0.56% 550%  2464% @ 4321% @ 1772

0.30 0.32% 3.18% 1492%  2761% 3100

0.40 0.23% 2.30% 1099%  2077% 4301

0.50 0.15% 1.51% 7.34% 1414% 6563

0.60 0.10% 1.02% 4.97% 9.70% 9804

0.70 0.07% 0.6%% 3.42% 6.72% 14388

0.80 0.05% 0.54% 2.68% 528% 18433

0.90 0.05% 0.54% 2.68% 528% 18433

1.00 0.04% 0.38% 1.88% 372% 26403

2.00 0.00% 0.00% 0.00% 0.00% -

3.00 0.00% 0.00% 0.00% 0.00% -

4.00 0.00% 0.00% 0.00% 0.00% -

5.00 0.00% 0.00% 0.00% 0.00% -
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T Z B
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107 4 3
1| 1 3
10° 4 , -
0.1 1 10
P i (m)
34 1
2a 3 v i A
313 2° W W (m)
RM1 RM2 RM3 RM4 RM5 RM6
7.00 0.10 0.05 0.05 0.04 0.03 0.02
7.10 0.14 0.06 0.07 0.06 0.04 0.02
7.20 0.19 0.09 0.09 0.08 0.05 0.03
7.30 0.25 0.12 0.12 0.11 0.07 0.04
7.40 0.35 0.16 0.16 0.15 0.09 0.05
7.50 0.46 0.21 0.21 0.20 0.11 0.06
7.60 0.61 0.27 0.27 0.26 0.14 0.08
7.70 0.67 0.36 0.33 0.34 0.16 0.09
7.80 0.71 0.46 041 0.42 0.18 0.11
7.90 0.75 0.58 0.48 0.51 0.20 0.14
8.00 0.80 0.63 0.56 0.57 0.20 0.17
8.10 0.86 0.68 0.62 0.59 0.22 0.22
8.20 1.08 0.72 0.68 0.53 0.23 0.28
8.30 1.34 0.77 0.78 0.49 0.27 0.36
8.40 157 0.94 0.82 051 0.36 0.46
8.50 1.71 1.23 0.71 0.67 0.73 0.59
8.60 1.74 152 0.90 0.74 0.94 0.76
8.70 1.82 2.10 1.00 0.77 1.03 0.96
8.80 2.47 2.81 1.27 1.17 1.17 1.18
8.90 3.07 3.40 1.95 1.72 1.40 1.46




9.00 3.17 4.09 3.14 212 1.50 1.93
314 2° 1 0
10 50 100

0.1 1.2%% 4623%  9551%  99.80% 16.6

0.2 0.54% 3098%  8434%  97.55% 275

0.3 0.40% 2186%  7086%  9151% 410

0.4 0.2% 17.76% 6237  85.84% 517

0.5 0.21% 1401%  5298%  77.8% 66.8

0.6 0.18% 1160%  4603%  7087% 816

0.7 0.14% 7.67% 3289  5496% 1259

0.8 0.13% 4.33% 1984%  3575% 2266

0.9 0.12% 3.83% 17.7%  3235% 2563

1.0 0.12% 3.23% 1515%  2801% 3048

2.0 0.02% 0.90% 4.41% 862 11096

3.0 0.00% 0.41% 2.01% 398% 24615

4.0 0.00% 0.10% 0.52% 1.04% 95238

5.0 0.00% 0.00% 0.00% 0.00% -

10" - b
102 4 ‘h‘\x 3
A.A‘

107 4 B
% 107 = h 3
=
10 . 5
J:__ E

10° <

107 5 3

1 2530 &
10 4 — —
0.1 1 10
W= (m)
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T Z B
10 1 : A\ : 2
1072 - ‘~‘\q‘ 3
A.A‘ 3
10 - 3
= 107 3 =
=)
H 10°- 3
iy 3
10° E =
107 5 3
1 2530 &
10°% 4~ . —
0.1 1 10
P = (m)
3-5 2°
315 3° W W (m)
RM1 RM2 RM3 RM4 RM5 RM6
7.00 0.01 0.01 0.01 0.01 0.01 0.00
7.10 0.02 0.02 0.02 0.01 0.01 0.00
7.20 0.02 0.02 0.02 0.01 0.01 0.01
7.30 0.03 0.03 0.02 0.02 0.01 0.01
7.40 0.04 0.04 0.03 0.02 0.02 0.01
7.50 0.04 0.05 0.04 0.03 0.02 0.01
7.60 0.05 0.07 0.04 0.04 0.03 0.01
7.70 0.06 0.09 0.05 0.04 0.03 0.02
7.80 0.08 0.11 0.05 0.06 0.03 0.02
7.90 0.11 0.13 0.06 0.07 0.04 0.03
8.00 0.15 0.16 0.08 0.09 0.05 0.03
8.10 0.20 0.19 0.11 0.09 0.07 0.04
8.20 0.26 0.23 0.12 0.12 0.08 0.06
8.30 0.35 0.31 0.14 0.14 0.09 0.08
8.40 0.45 0.45 0.23 0.19 0.13 0.10
8.50 0.57 0.69 0.36 0.23 0.16 0.13
8.60 0.77 1.03 0.46 0.30 0.23 0.17
8.70 1.01 1.49 0.50 0.35 0.32 0.19
8.80 1.34 1.97 0.61 0.41 0.38 0.23
8.90 1.64 2.27 0.87 0.58 0.42 0.32
9.00 1.84 2.24 1.20 0.63 0.52 0.51
3-16 3 0
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341

10 50 100
0.1 1.2% 12.20% 47.83% 72.78% 774
0.2 0.54% 5.26% 23.6%% 41.77% 1854
0.3 0.40% 3.95% 1827% 33.20% 2484
0.4 0.29% 2.90% 13.70% 25.52% 3398
0.5 0.21% 2.0% 10.00% 19.00% 4751
0.6 0.18% 1.81% 8.73% 16.70% 5479
0.7 0.14% 1.42% 6.91% 13.33% 6993
0.8 0.13% 1.28% 6.22% 12.05% 7790
0.9 0.12% 1.24% 6.06% 11.75% 8008
1.0 0.12% 1.24% 6.06% 11.75% 8008
2.0 0.02% 0.24% 1.17% 2.34% 42328
3.0 0.00% 0.00% 0.00% 0.00%% -
4.0 0.00% 0.00%% 0.00% 0.00% -
10" - L
102+ L
10° 4 A~Acrian B
E “‘km :
;i 10" 4 -
2
35 10° 4 3
10'6—; 3
107 ‘
=
10° - — i -
0.1 1 10
1= (m)
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http://zh.wikipedia.org/wiki/%E7%94%B5%E5%AD%90%E8%AE%A1%E7%AE%97%E6%9C%BA
http://zh.wikipedia.org/wiki/%E9%9A%8F%E6%9C%BA%E6%95%B0
http://zh.wikipedia.org/wiki/%E4%BC%AA%E9%9A%8F%E6%9C%BA%E6%95%B0
http://zh.wikipedia.org/wiki/%E4%BC%AA%E9%9A%8F%E6%9C%BA%E6%95%B0
http://zh.wikipedia.org/wiki/%E5%86%AF%C2%B7%E8%AF%BA%E4%BC%8A%E6%9B%BC
http://zh.wikipedia.org/wiki/%E6%B4%9B%E6%96%AF%E9%98%BF%E6%8B%89%E8%8E%AB%E6%96%AF%E5%9B%BD%E5%AE%B6%E5%AE%9E%E9%AA%8C%E5%AE%A4
http://zh.wikipedia.org/wiki/%E6%B4%9B%E6%96%AF%E9%98%BF%E6%8B%89%E8%8E%AB%E6%96%AF%E5%9B%BD%E5%AE%B6%E5%AE%9E%E9%AA%8C%E5%AE%A4
http://zh.wikipedia.org/wiki/%E7%A1%AE%E5%AE%9A%E6%80%A7%E7%AE%97%E6%B3%95
http://zh.wikipedia.org/wiki/%E9%9A%8F%E6%9C%BA%E4%BA%8B%E4%BB%B6
http://zh.wikipedia.org/wiki/%E6%A6%82%E7%8E%87
http://zh.wikipedia.org/wiki/%E9%9A%8F%E6%9C%BA%E5%8F%98%E9%87%8F
http://zh.wikipedia.org/wiki/%E6%9C%9F%E6%9C%9B%E5%80%BC
http://zh.wikipedia.org/wiki/%E9%A2%91%E7%8E%87
http://zh.wikipedia.org/wiki/%E6%A6%82%E7%8E%87
http://zh.wikipedia.org/wiki/%E6%8A%BD%E6%A8%A3
http://zh.wikipedia.org/w/index.php?title=%E6%95%B0%E5%AD%97%E7%89%B9%E5%BE%81&action=edit&redlink=1
http://zh.wikipedia.org/wiki/%E9%9A%8F%E6%9C%BA%E5%8F%98%E9%87%8F
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