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Abstract

On March 11th 2011, a seaquake-induced tsunami invaded the
northeast coast of Japan. The potential threat of nearshore nuclear
power plant (NPP) under tsunami attack has therefore been noted.
Taiwan is an island located in the subduction zones around the Pacific
Ocean rim, so it is of importance to understand how the tsunami will
affect the NPPs close to the shoreline due to its potential threat.
Consequently, a research project for three-year duration is presented in
order to establish a probability model on predicting the propagation and
inundation of possible seaquake-induced tsunami to the nearshore NPPs.
The possible tsunami events are simulated numerically based on the
fault movements of the Manila trench. The foci are mainly paid on
evaluating the influence in term of wave height of tsunami wave
propagating to the Maanshan NPP.

The second year project is devoted to establishing the Probabilistic
Tsunami Hazard Analysis (PTHA) model for the Maanshan NPP. In
present report, the aleatory for tsunami is determined by comparing the

tsunami wave height between the historical data and numerical results.



The 2006 Pingtung earthquake and 2011 Tohoku earthquake were used
since these two observed data sets are relatively complete in Taiwan.
The epistemic comes from the uncertainties because of an incomplete
understanding of natural processes and has to be determined via the
logic tree. The logic tree used in this report is provided by the Institute
of Nuclear Energy Research. There are 72 scenarios in the logic tree.
Currently, a total of 50 scenarios were carried out andthe corresponding
hazard curves and hazard maps were plotted for the Maanshan NPP as

preliminary results.

Keywords: Tsunami, Numerical simulation, Nuclear power plant,

Probabilistic tsunami hazard assessment.
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1. Know the enemy 7 f2¥ (& ¥ )

2. Know the region 7 f# % %

€ee

3. Know the damage 7 j# ¢ %
4. Thinking about countermeasures 2 ¥ %3

5. All participants share the results of the workshop 3% %2 %
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Tsunami pictogram under study
by UNESCO

Tsunami pictogram used on the West
Coast of the United States

B Tsunamialert

Tsunami
L refu
ge area

B Tsunami refuge
building

Bl 14 58 cn 6 ik

i T 2R RGN AR A e Bk A

The color of these graphical
symbols is specified in JIS Z 9101 -
(“Safety colors and safety
signs-design principles for safety
signs in workplaces and public
areas”).

Please refer to the following
Munsell values:

Safety color Green: 10G 410,
yellow: 2.5Y 8/14

Color contrast Black: N1,
white: N9.5.
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(2) RolFd—p 2 311 REP *§F %2 w3t[7]

1. f§ 4

2011 & p & 311 # BR#E 9.0 £.p A ¥ B KER L &
Kb xR RAL TAmESE BT i# 20000 * 5~
= (B 16) - p ~ 5 % B Japan Meteorological Agency (JMA) f3 &
FAOZSBRET F - BAHER S Lk RRCAEF R TR
ERNGT oM RFI 2844 B AF § R 1IHE GPS & en

BATIH A €
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T AvRESE S UL B EEAA AN 10 22 0 B AL
ot enth i o S iy U AT E iR R T R A Y AR R
TRATBRESORE P AF YR EE TP ESABL R
§ 0 W SO A - RREILIT RPN F oA ER ST R
HEB PRI ard®aF 150201222 PAF 2 hRaED D

LR ENT R T 52013 &30 7 p oFF A ERTAEBELR L Mo

anm g

Bl 16 p A 311 + ¥ B & A sddr T cnfiFa5[7]



2. PRF SR A a TR ER IR

AP A3l AR Ed 2w pAF RARLE 2R280 B R K
AR RERE PR REARE P AF R AV UEET RIRRE
TR BRRREEET TR G ADEROFF o LR AL R
e ® FAT LR > P AF %M o8 @ 848 FT R 220
BRlzEGE T 6 B R §ABE AP IMAT SERRPITR K AT

AvaisE T iedk g oAt 3 R (B 17) -

© GPS buoy

A Qcean-bottom tsunami meter
(buoy/cable)

® Coastal-area tide gauge/
tsunami meter

T !
125 130° 135° 140° 145 150

Bl 17 A rdpLipld & -2 5 s 7 [7]
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Computer simulation of tsunamis
for various eanhquaka scenarios

L)
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n"-!ﬁ P Database storage of results
e
oy T i
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I»‘“\u.l.j'

in| ()| Hypocenter/magnitude determination 'X’
. Magnituds 8.0
. Database search A !
Retrigval of results for
waming messages [

# Epleaner

~3 min . |ssuance of I][l B
Warnings/Advisories ~ L [EETnenivaning
" » [ Tsunami Advisory
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FEEFGIOF P AF Bl 15 AP EI Y e R
SEARHT 0 o R AT ER o

WA EF4 ST E 15100 RS R EREIRG LSO
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354 *ﬁa\ﬁ8.8’_rﬂ]3%

E\'\%

3y

e

EAVR LR

r 2

T 15:30 5 F {4

A » Y '—: ¥
ATBEROTUD AF RAE W ATE RERERE 5 9.0 P
% B>t 311 < b BE F 2 A EAR AR 19 frF o
% 14:46 Earthquake
e (i) 14:49 Initial Tsunami Warmning
i fLald 14:50 Estimated Tsunami Heights:
. Mutsushi 1 : w : 2 2 2 ;
% Sekinehama - : n""‘v—\... Miyagi: 6 m; lwate: 3 m; Fukushima: 3 m;
@ I : - Pacific Coast of Aomori Pref.: 1 m
- i i i
5 ,’”‘_UJL (i) 15:14 Tsunami Warning Upgrade
E Hachinohe ! __/W'\«_\ Estimated Tsunami Heights:
< i b5 e [Over 0 5 Miyagi: over 10 m; Iwate: 6 m;
—————— Em_l'—lmr‘{Ormme heraafter) Fukushima: 6 m;
i d ,-L i Pacific coast of Aomori Pref.:- 3 m
Miyako I ' {Over 10 m (iii) 15:30 Tsunami Warning Upgrade
et I l_ll'* - 15:31 Estimated Tsunami Heights:
E 553’“ | s (Ouwage hersatter) Iwate - Kujukuri and Sotobo area: over 10 m;
% Kamaishi‘—fe—fH/) E Pacific Coast of Aomori Pref.- 8 m
£ : : — Observation data ‘w/Mursushi Sekinehama
Iwate Kamaishi-oki** B et fﬂwm’frﬁ;ﬁff} (real time) 1
(GPS buoy) i 6 = Observation data ;m"lp :\
[h i ori Pref.
i {Outago horeaftor) (obtained later) ,MLJV:)I;Iachhohe
Ofunato - | Gver 10 m — Estimated heights ; . P
5 & \{Cutage hereatter) dliialil Y
______ ] | i zIw:n.'u Pref.) Hlyalm
S o Ishinomakishi [ { ! I
E‘E Ayukawa [~ *~—""1 lower1om ?mm”"‘?lwate Kamaishi-ok
= “7/' »w‘ Ofunato
w s (Owage j e {
@ . hereafter) ,F' Ishinomakishi
o Ayukawa i
.E f_\_L.Janma
i ; : [ ]
;f. Onahama . " A [5n1 ukuzhima
= 14:00 " *{'J 15:00 Gy i) 16:00 (JST) M‘lwakithi Onahama
March 11, 2013 L/
142E T4E

* Station belonging to the Japan Coast Guard
** Station belonging to PHB

B 19 p 4§ % Bt 311 4 ¥ Ro b

After the issuance of initial tsunami warnings (i), a tsunami was detected
by a GPS buoy and other gauges. Based on this, JMA upgraded tsunami
warnings (ii), (iii). A value of Mw 8.8 was determined at around 15:40.
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height(m)
1 23456867889

B 20 IR b AT rend & Rk B [7]

(% B & 7 BI=BAE R > FIR T A

4. P ABIFE L5
(1) g% & sudk (Tl 4L

P AL AT

S T R A R

(2) ¥ b HIFE 5 Bk i

a ERIF RARBLTARLR

b

B A

SRER T S el g

41

BEE LT E RS

f2eh



PR A A RERIE A AP G EDR R

BT P A f R RS AeB] 21 07 EfeinAR o

'y 2 2 3 z
1. Mw estimation from seismic waveform
data on various period components

Mw 1s estimated directly from displacement waveforms

calculated using accelerometer data (the value for the Great

East Japan Earthquake reached 8.8 within 140 seconds).
2001/03/11 14:46 (Mw9.0)

Nst=10 M(100):8.80
9
8 - - —100s
= 7 50s
r'- 20s
7 | — 10s
H Ss
| 2s
6 ". i i i i — 1s
0 1 2 3 + 5 [} 7

Time (min)

\ Nst: number of stations

Bl 21 & &+ RABALT AR MG 2 jnde =
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m . . . . I
2. Mw estimation from seismic waveform

data on long-period components
Mw is roughly estimated in relation to the amplitude of
long-period  waveforms recorded by  broad-band
strong-motion seismometers.
The Great East Japan The Tokachi-oki Earthquake
Earthquake in 2011 (Mw 9.0 in 2003 (Mj 8.0)
‘g?_ (RN T T T T T U -
£ .
1N Y —
E 4 4
Fa 1+ Short period
‘L . . (6 sec)
s, [
5 [
E | \ N
8o —— i | b | S S -
& | |
g \ 1T Long period
1 \ / 1., (200 — 1,000 sec)
0 ] TR BT 3 B
A J

/3. Mw estimation from the size of the
strong-motion area

Mw is estimated from the size of the strong-motion area as
determined from the observed seismic intensity distribution.

The Great East Japan The Tokachi-oki Earthquake
Earthquake in 2011 (Mw 9.0) in 2003 (Mj 8.0)

123146587
Dgerved Folsmic lnsnsiny

Bl 21 thh ¥ RANLER MG mame = 2[7] ()

b,  F7i% v 8w g % 0 LR R B o R
P F RBLE 1R AR L ATARLR TR K AT R R

E

ETTRS

Tt e 15 Adap UHRaIRTERE Raddc P ASYE PN F K

80 B X iRl Berk® o 3 7 % %= B DART [ (£ RI-R R4 )
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C. 3P Ffck A5\ 0

PSRRI BARAR

P KA T A FlARRR

T EHF* T LR FLE ﬁﬁ:ﬂ@gﬁ]ﬁq

P

Kk v

’*LEL

S PO P

i ;@v?@%‘ﬁ}ﬁfé},& R A

WA BAR RS RFL LRI R AnEL oy UK R

ﬁm’plég\w N
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E e

—x

g A kg F oA vk EAR o

PXTORPHE P RRER A B TEABAR B

+ N N2
F 2 AvBESR L A7)
Before review Current (since March 7. 2013)
) _ Criteria for Estimated max. tsunami heights
Category Estimated max. Warning/Advisory
tsunami height issuance Quantitative Qualitative
(h: estimated height)
10 m or more
8 m 10m<h Over 10 m
O d17)
\in 6 m Sm<=h< 10m 10 m Huge
4m s ~
3m 3m<=h<5m 5m
nam 2m . .
Im<h<3m 3m High
Warning I m =
Tsunami .
. 0.5m 02ms h<lm 1m (N/A)
Advisory




XA TEREIABAR PTE o AR ART I 2T hpE
Mo s EgRr £ LT aneFE (4o B4 (huge)frd +
(high))» m 2tjashel F Bk FFM L o2 REF2 L 915 A&t >
PAF % e 1995 L Errany RERL(Mw)fos b iR B { 74
A EAR S UL VB AN RF T ESR (de i T R ) A ER

ARV Ao Bl T o

Earthquake

[ |
Mj Calculation

[ |
Mj underestimation
possibility checking

Possibility ¥ [ No possibility
Tsunamiscale estimation
basedon:
- Max. faultexpected in the area
or
- Predefined max. M value
Qualitative terms ,I, - W Quantitative terms

Initial tsunamiwarning issuance 3 min.

- Seismic data analysis and Mw, calculation using data

from broad-band strong-motion seismometers -
5 min.

Qﬂf‘ lrﬂ#'
=S Ra=pa=y

- Tsunamimonitoring offshere/in coastal areas and
estimation of tsunamiarrival times/heights

Upgrading of tsunamiwarnings
in quantitative terms '
o

A 4

Bl 22 4w EIRHF L ARR[7]
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SAEP A3l KB REE S A TR & GPS SR AT 4
Rz L a7 g?‘,ﬁm FI & % Bt Ppoe Rk B R T R B s vt
R FABTE A @ ARGRAOR AR AR JF L LT

B (% 3) -

%03 Bl AL B R Rl B T (7]

. , . . . |Estimated tsunami Information bulletin expressions
Warnings/Advisories in|, . s ) - - - -
effect heights for coastal| Observed heights at Estimated heights in
areas offshore gauges coastal areas
Major Tsunami >3m Actual values Actual values
IR <£3m Currently Observing Currently Investigating
>1lm Actual values Actual values
Tsunami Warning
< 1m Currently Observing Currently Investigating
Actual values
Tsunami Advisory (All cases) (Slight for very small |Actual values
waves)

5. 7 2 LA RE A p LW

Wi 4

P
i
\*V
‘.u

HER G 0 F A A LR AR L

HTRAT 0 Bk X T MR AR RO 0 o Tt o FEE K sende

\

AR VAE AW T2 R R RS TR N TORB R o 2

2 %h o B LA E G i Ty & R RS R R o B b R
JMA 7 311 /& v 2 w0 cnap oLl vd L B 0 0 B S N

46



SR p g, VEEERBE EpEAR  ByRgds S
76 CIMA Lie- HgEd Bifens SN e @ GlFT b 4pis b (Escape
the Tsunami!) ; f= ' ;4 v& % 2% & 1 i® (Preparing for Tsunamis) ; =
W A3 AR E TS BEFFE% o BEERKT M

2pRea R iR s g B ace o

6. % bI#F3 B3

L‘E./P'JF"JJ’\#’L ’ Eii;ﬁ/?']#ﬁt}iﬁj_” ,z"‘ o “f LL zZ_ b Eﬂ)’? 4 %éq‘ H_:, if J

TiLAE RAaBAR P 2 AE LA LR o

(z) FASRFHESBE L i0EHh

AFTHRLFAERGF AR A £ E Rop Ay i

Trf B ot = 3 e v e FRE G AP F g As
BEFIRETBER DT o P AR A s P ANEE TS
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PPiavlh ks o gtk A 8 @ik £ B DART 4 5e &30 0 b prip
AITARE GPS R > - HEETE DA SRR -

CFBRWEERG A Soafertg 2 F A B AF VHF R
PR T B R ok e A G kg 0 PP R e 2 ol
MRy EAPF LR D B 7 R E OIS ARSI
oo FAPILBP L A A TEEE QU s e

P A BLL R R R A T dv o P 1S R R

4

R AR AR SR A ik 0 g Y B T
Fle g X LFaaed o MAESF AR A & deip A X L

TET PFERET LT A PO R R T M

e E Ry BF MA T G B F o AT R R

CRREE sl aRar REABIREFESTE KRBT L
Tl ehlicdpic g T RAcp T3 Bl o BEFOR -~ Pt © Rufode M
PR et E o A RTBRPRY R Y DTG AHET AL
#7 = ;% (Deterministic Tsunami Hazard Analysis, DTHA) > # 3F 2 335
PG&E (2010)f= Thio % 4 (2010):= = 8 F N /avk g T & o 47> 2
(Probabilistic Tsunami Hazard Analysis, PTHA) > I ¥ 4c » #5538 fr &

2

BB A T R ESEFL L Z e T AL AFRL
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Fplh 228

I

SRS LY

AR REHGCER FAGASEET o HiAE
A BIET Fras R ¥ P z g }i’?f'/m./e” #Eﬁ o ITF 1 =
AR BB R G R b AN A F TR Y Sl B

R deif * Han®ig o

(-) ArpBcE BN * BiE

d < AE R RATSIE sl € F L Aahs R B (large
spatial scale of seismic source) @ £ 5 &£ cd £ o gt A eyl £
FEREIHESIHKE 0L c BEFSRIERACK > AL E AR
A (BERRIEREN AT ENHE L NGB E HIRER G
10.9km) o F]pt > Rl x BALS £ L (long wave) 2 2% -k
i (shallow water wave ) - ;& b chi® VB A2 T A0 & 4F e 2 & &
FlciE I E A TR s BEiEAR o A A s R @
B (OkiFEx 2 200m) 3 ige (CkiFE] 3 200m) . 7 FERIZEY R
Flt e RFE BARF IR B PR o

SRR Y AT U R EER L 3 Rt ok

49
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v fe B Ry Fam et B s vl B iRiE AT o JSCE FFIT T - A v st
¥ Foend fEix s > 2[8] 0 4 B % Goto % 4 Tanaka i 0 Fiment i
dod A9EA o AATT PR ATIER L D W E Y s AN
T MOST ~ TUNAMI 4= COMCOT - 4 %] 45+t Tanaka ;2 ~ Goto ;2 {v

GOto % © 11T » MPEIE B = fBHCR LT B 3R R o

1. MOST

MOST (the Method of Splitting Tsunami ) &_d = 4c ' + & @5
B @ 509, 10] > 2 f6 d NOAA i X B F % 3 Mk ¥ ec 2
[3] - MOST & - B v uficgiard 3 24 @ 4 =~ &5 %7 B3
g2 et o gL T3 + Okada(1985) [11] %7 &y H e frds s v 4

R 2 VS ST P U RO R PR RS I ¥

14 Shuto[4]£ 3k 2. p 7 BEFROTE A LA F AT -

2. TUNAMI
TUNAMI-N1> TUNAMI-N2 & TUNAMI-N3 #i5% * 3t 08z 17 5
e v TUNAMI-FI 22 TUNAMI-F2 B % 385 58 [12] » gt #5840

R i ©05d g s Pl B 9o

I o P RRE RGBT ORIRITI R R B ARl
F3- 8 v ipe- e & UNESCO [5]2 Imamura, Yalciner [12]F % 5 3
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o oo S EN Y T AR Y B AR A AR
B s iR kLo s BRCE g S 4258 22 MOST 4p iz o
AR R R D AR G A R REY SR N4 29t

oo ¥ ATE O EBABREE R Y VLA FREPY

3. COMCOT

COMCOT ( Cornell Multi-grid Coupled Tsunami Model ) # & -
FAERE2E BRI AR RS P DS KREH AR o
B RARE S AR I KRR BB T RS E RER
frzb R kg S AR o A E RS uBEBE R NP
ABE PRI AR Y S ERF § AR T %40 1992 Flores
Islands tsunami[13] ~ 2003 Algeria Tsunami[14]4= 2004 Indian Ocean
tsunami[15] > #5% ;= COMCOT F ¥ F2 #xgid o

R S O U e D AR e N

2

OROEFED R AT B AR ) B TR R R T S o S

k!

FaEABHS A 0 Aokt F R Y 0 COMCOT 3% fei s

;S EL R =N Hig# o
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o 4 Z AR 2 #iE > 2 [8]

Goto method

Tanaka method

Governing

equation

Advection term

Conservation

type

Non-conservation

type

Friction term

Manning type

General friction

type

horizontal eddy

viscosity term

Introduced if

necessary

Introduced
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o4 s EY 2 Bk 2 ()

Goto method

Tanaka method

Numerical

scheme

Alignment of

variables

Staggered scheme

Staggered scheme

Pressure term

Leapfrog

Leapfrog

Advection

term

1st-order upwind
difference scheme
with accuracy of

1st order

Lax-Wendroff
scheme with
accuracy of 2nd

order

Friction term

Approximated

implicitly

Approximated
explicitly (time

forward)

Horizontal
eddy viscosity

term

Approximated
explicitly (time

forward)
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(=) #B#E (COMCOT)

1. #5554 %

Aardil F ARG R CRE A BRI HRY > ROKE ARG
R R AN RRIER RS & T R dc hlickh k£ A
Pk EFrpscE s s k=2n/LoL 2 E o h 23 KiFR - kh<a/l0
SNORER ckh>r RiFEkmtka r=kh=7/10 5 ¢ BFHR o

B ARl B AR RIER (EARBEE ) Bl ROk AR
ozE MR AR T A0 0 @ AR IRRIE R B R IR Bk
FBRER) T G o ARG BRI Pl AR (1) 2+ E
T2 ()N B3):
on 9P 0Q_

+—+—=0
Jt odx ody

— tgH— =0 (2)

+gH—=10 (3)

AP nazdkd P~Qi X~y > we¥fid £(P=Hu > Q=Hv) > u-
VABLG X~y P TEErad R 0 H 58K 8 RH=nth) h

kiF QR EA eER -
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TR AR BRI T Y R IR Gtk LS
PR mBET AR R KA RN R B At 2

FH S RN w e AT S

an 1 {GP d } 0 4
__|__ =

at Rcosq; o do (cospQ) S

dP gH odn

—+ ——fQ=0 5

dt Rcos@ dy fQ ®)

d Hd

—Q+g——n+fP=U (6)

dt R dg

BP RapsE g oy 25w o f L4 %Ec(f=Qsing)

SR 7 Sl -2 Fag* AoRIFRIFIRE > AW A
VI ATA 0 FIE R R T o HALMUE R R A o PR R
R R B BRI o s - BTRT A IR
AR A REBERP O P F R IR 6ok L P

FopmEmevggr ARG Ha - 2203 S 20T 4

T Ae T
an 9P aQ

+—+—=0 7
at = ox dy 7
aP a (P?\ 0 (PQ) }{an ; o
—+—— | +=—(—)+gH—+ =
gt ax\H) ay\H/ 8ox ®
aQ d (PQy 0 [Q? on

+—|(—|+gH—+T1,H= 9

at ax( ) ay(I{ oy ©)



B oty 1ty ANMBERY ST RS - 7d E Bl

gn” 2, A2y1/2 10
gn” 2 . 241/2 11
Ty = q7/3 Q(P* + Q%) (11)

He on 58 BAplekEGdo d RARER LT 5 - 5% ¥ #o
5y ¢t > COMCOT 12 % 45 ;% B 4 3+ p ;= (staggered explicit

leap-frog scheme) 7 T £ & & Ffasp 2 2Laup 8 Rk > st Hag

L EEAIE
n+tl  pn n+1x’2 n+1x’;2
i+1);2,j Pi+1/2,j N g]—l ni+1,j - ﬂi,j — 0 (12)
At Ax
n+l  ~n n+1/2 n+1j2
Qi,j+1j2 Qi,j+1f2 N gH ni,j+1 - T]i,j — 0 (13)
At Ax
n+1)f2 n—lfz n n n n
— P. . — P. . . — Q..
i i n i+1)  iYpd n Q1r1+1f2 Ql’l_lfz -0 (14)
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2011 p A 311 # 2

A R RSk | B L | BURIE L | HORRE S
% (M) % (m) % (m) % (m)
oy - - 0.1440 0.1146
= 7 0.1134 0.1434 0.2098 0.1966
™ - - 0.3891 0.2014
5 E 0.0792 0.0896 0.5405 0.4409
i 0.1746 0.1014 0.2654 0.1697
At - - 0.5434 0.3957
-7 - - 0.2919 0.1027
ok - - 0.2802 0.1211
3k 0.0668 0.0283 0.1519 0.2729
A7 %5 - - 0.0674 0.1025
]2 - - 0.3525 0.2687
R - - 0.2020 0.1506
ok - - 0.1919 0.0639
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L 9 HEY ()

2006 & % ¥ B

2011 p # 311 ¥ &

WA B R S k| SRR L | BURIBC A L | BORE L
% (M) % (m) % (m) % (m)
ik - - 0.6246 0.2358
AL - - 0.1240 0.0974

L 0.0560 0.0571 - -

Wil - - 0.2328 0.1790
| T Tk 0.0211 0.0553 0.1612 0.1442
Lk 0.2660 0.1053 0.3372 0.3501
=ik 0.0323 0.1015 0.2278 0.1552
s B 0.5949 0.4293 0.5566 0.6040
ik 0.0336 0.0242 0.3281 0.2270
iR 0.0631 0.0688 0.3172 0.3603
e 0.0301 0.1075 0.2438 0.1571
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BT A RRS A R RRUER C ETE £ R UK TR
$ Ak E Ao B E 0 Y A T A H B (My) ok £ (D)5 d

Wells & Coppersmith (1994) # o1 sk o 82 5 £47

1.02 x log A = M, — 3.98 (21)
My == X (logM, — 9.1) (22)
M, = yWDL (23)

He CAZETR G LA%TE LR WL K TR DI F#HE M,
B RAE O Myi = BRE > ui A R ok Gk (rigidity) - 2 i

* 5 3x10"0 N/m? o ATk & At 7 A1 QL) R E B

Vi (M) EFL %‘gé F(22)frs8(23)FrF - E k4 £ (D)

FRBRRF AL R AT T B R 2 SRR
104 B At s Bt frd m ddod 114cl 42977 o & A L E
EVREEL REFERSF TALA LS g DL <] - &
Mmoo PR AT PR TR AR m T E o R
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http://www.phyworld.idv.tw/EARTH/991 earth/6-4.htm )

93


http://www.phyworld.idv.tw/EARTH/991_earth/6-4.htm

t2 8.0 NO.1-4 10 km 200 km 50 km 20 4.1964 m
NO.1-4
15 km
sepment3 8.0 NO.5-8 10 km 200 km 50 km 20 4.1964 m
NO.5-9
NO.6-9 15 km
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l 15 km
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8.4 NO.10-18 10 km 450 km 50 km 20 7.425 m
NO.11-19 ‘ 15 km
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15 km
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15 km
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% 10 B RS EB -8 2 4. v 4

% (No.) =R’ (CE) SR (°N) 4w & (°)
1 119.675 22.012 185.325
2 119.842 21.622 158.325
3 119.987 21.239 164.092
4 120.111 20.833 164.092
5 120.194 20.435 185.382
6 120.151 20.013 185.382
7 120.188 19.565 206.406
8 119.987 19.190 206.406
9 119.801 18.806 210.509
10 119.573 18.446 210.509
11 119.260 18.120 187.533
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3 10 BRrp iz 4wt ()

S%(No.) SR (CE) R (°N) F_w & (°)
12 119.201 17.697 187.533
13 119.133 17.276 174.573
14 119.176 16.851 174.573
15 119.218 16.426 174.573
16 119.261 16.001 174.573
17 119.295 15.577 182.935
18 119.272 15.150 182.935
19 119.288 14.717 167.053
20 119.389 14.301 167.053
21 119,511 13.880 161.505
22 119.654 13.477 161.505
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%% matlab filter code

wsl=load('fs B =k 3 L. dat) ;

a=[1];

b(1:180)= 1/180;

t_shift = 91;

yt=ws1(:,1)-t_shift;

y = filter(b, a, wsl(:,2));

ws2(:,2) = wsl(1:end-t_shift,2)-y((t_shift+1):end);
ws2(:,1) = yt((t_shift+1):end);
ytt=ws1(:,1)-t_shift-t_shift;

yy = filter(b, a, ws2(:,2));

%% plot figure

subplot(411)
plot(ws1(:,1)/60/24,ws1(:,2)/1000,'b-"); hold on
plot(yt/60/24,y/1000,'r-")

axis([0 31 -1.5 2.0])
set(gca,'xtick’,[0:1:31]);set(gca, 'ytick',[-1.5:0.5:2.0]);
xlabel(‘time(day)');ylabel("\eta(m)’)
legend(‘observed', filter")

title('(a)");grid on
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subplot(412)

plot(ws2(:,1)/60/24,ws2(:,2)/1000,'b-"); hold on
plot(ytt((t_shift+1):end)/60/24,yy/1000,'r-")

axis([0 31 -0.5 0.5])

set(gca,'xtick’,[0:1:31]);set(gca, 'ytick',[-0.5:0.1:0.5]);
xlabel(‘time(day)');ylabel("\eta(m)")

legend(‘observed', filter")

title('(b)");grid on

subplot(413)
plot((ytt((1+t_shift+t_shift):end)-35786)/60,(ws2(1:end-t_shift,2)-yy((t
_shift+1):end))/1000,'b-");

axis([0 48 -0.4 0.4])

set(gca,'xtick’,[0:3:48]);set(gca, ytick',[-0.4:0.2:0.4])
xlabel(‘time(hr)");ylabel("\eta(m)")

title('(c)");grid on

subplot(414)
plot((ytt((1+t_shift+t_shift):end)-37226),(ws2(1:end-t_shift,2)-yy((t_shi
ft+1):end))/1000,'b-");hold on

axis([0 150 -0.4 0.4])

set(gca,'xtick’,[0:30:150])
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set(gca,'ytick',[-0.4:0.2:0.4])
xlabel('time(min)');ylabel("\eta(m)")

title('(d)");grid on
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B R4 B3 RY AT (H51)

Wave Height Above

Mean Sea Level (m)

Annual Exceedance

Probability of Gaugel

Annual Exceedance

Probability of Gauge2

0 0.034550704 0.034550704
0.1 0.034199964 0.034538702
0.2 0.033075074 0.034420208
0.3 0.031259056 0.034082549
0.4 0.029016319 0.033503568
0.5 0.026567165 0.032704017
0.6 0.024103362 0.03171278

0.7 0.021750536 0.030565464
0.8 0.019574432 0.029302023
0.9 0.017600285 0.027962292
1 0.015829581 0.026582327
1.1 0.014251336 0.025192464
1.2 0.012873728 0.023816782
1.3 0.011647624 0.022473441
1.4 0.010542723 0.021175449
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1.5 0.009560141 0.019931561
1.6 0.008684859 0.01874716

1.7 0.007903588 0.017625034
1.8 0.007204707 0.01656603

1.9 0.006578123 0.015569579
2 0.006015097 0.014634118
2.1 0.005508073 0.013757408
2.2 0.005050518 0.012936776
2.3 0.00463677 0.012169302
2.4 0.004261919 0.011451947
2.5 0.003921447 0.010781654
2.6 0.00361206 0.010155412
2.7 0.003330441 0.009569941
2.8 0.003073995 0.009023444
2.9 0.002839721 0.008512582
3 0.002625422 0.008034869
3.1 0.002429153 0.007587972
3.2 0.002249001 0.007169457
3.3 0.002083811 0.00677801
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3.4 0.001931869 0.006411237
3.5 0.001792713 0.006067395
3.6 0.001665078 0.005744866
3.7 0.001547277 0.005442154
3.8 0.001438717 0.005157873
3.9 0.001338662 0.004890744
4 0.001246157 0.004639584
4.1 0.001160573 0.004403297
4.2 0.001081339 0.004180875
4.3 0.0010079 0.003971381
4.4 0.000939985 0.003773951
4.5 0.000876953 0.003587786
4.6 0.00081859 0.003412147
4.7 0.000764358 0.003246347
4.8 0.000714087 0.003089752
4.9 0.000667394 0.002941775
3) 0.000624138 0.002801868
5.1 0.000583968 0.002669526
5.2 0.000546655 0.002544278
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5.3 0.000511851 0.002425687
54 0.000479563 0.002313348
5.5 0.000449418 0.002206881
5.6 0.000421261 0.002105934
5.7 0.000395082 0.002010181
5.8 0.000370668 0.001919314
5.9 0.00034793 0.001833045
6 0.000326706 0.001751416
6.1 0.000306889 0.00167394

6.2 0.000288324 0.001600281
6.3 0.000270925 0.001530226
6.4 0.000254669 0.001463575
6.5 0.000239421 0.001400139
6.6 0.000225114 0.001339744
6.7 0.000211685 0.001282224
6.8 0.000199076 0.001227602
6.9 0.000187234 0.001175629
7 0.000176159 0.001126073
7.1 0.000165883 0.00107/8806
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1.2 0.000156216 0.001033709
7.3 0.000147169 0.000990671
7.4 0.000138653 0.000949585
7.5 0.000130715 0.000910353
7.6 0.000123237 0.000873039
7.7 0.000116235 0.000837384
7.8 0.000109634 0.000803304
7.9 0.000103408 0.000770878
8 9.75353E-05 0.000739864
8.1 9.19933E-05 0.000710194
8.2 8.67621E-05 0.000681803
8.3 8.18691E-05 0.000654629
8.4 7.712473E-05 0.000628759
8.5 7.28806E-05 0.000603983
8.6 6.87538E-05 0.000580366
8.7 6.48526E-05 0.000557917
8.8 6.11638E-05 0.000536396
8.9 5.77166E-05 0.000515759
9 5.44953E-05 0.000496035
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9.1 5.14459E-05 0.000477112
9.2 4.85585E-05 0.000458956
9.3 4.58239E-05 0.000441571
9.4 4.32333E-05 0.000424922
9.5 4.07987E-05 0.000408937
9.6 3.84911E-05 0.000393586
9.7 3.63032E-05 0.000378842
9.8 3.42282E-05 0.000364782
9.9 3.23211E-05 0.00035127

10 3.05111E-05 0.000338283
10.1 2.87928E-05 0.00032586

10.2 2.71613E-05 0.000313915
10.3 2.56119E-05 0.000302427
10.4 2.414E-05 0.000291378
10.5 2.27416E-05 0.000280785
10.6 2.14127E-05 0.000270593
10.7 2.01495E-05 0.000260785
10.8 1.89486E-05 0.000251344
10.9 1.78066E-05 0.000242291
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11 1.67374E-05 0.000233629
11.1 1.572E-05 0.000225288
11.2 1.48077E-05 0.000217253
11.3 1.3939E-05 0.000209514
114 1.31116E-05 0.000202056
11.5 1.23236E-05 0.000194871
11.6 1.15727E-05 0.000187945
11.7 1.08572E-05 0.000181355
11.8 1.01753E-05 0.000175033
11.9 9.52518E-06 0.000168968
12 8.90535E-06 0.00016315

121 8.31427E-06 0.000157537
12.2 7.75048E-06 0.00015212

12.3 7.21265E-06 0.000146893
124 6.69947E-06 0.000141848
125 6.20974E-06 0.000136978
12.6 5.74229E-06 0.000132327
12.7 5.29604E-06 0.000127836
12.8 4.86995E-06 0.000123499
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12.9 4.46304E-06 0.000119368
13 4.07438E-06 0.000115378
131 3.70309E-06 0.000111522
13.2 3.34832E-06 0.000107796
13.3 3.0093E-06 0.000104195
13.4 2.68525E-06 0.000100743
135 2.37549E-06 9.7406E-05

13.6 2.07919E-06 9.41796E-05
13.7 1.82625E-06 9.10599E-05
13.8 1.58429E-06 8.80432E-05
13.9 1.35279E-06 8.51257E-05
14 1.13117E-06 8.23038E-05
141 9.45477E-07 7.95742E-05
14.2 8.11322E-07 7.69337E-05
143 6.82831E-07 7.4379E-05

144 5.59746E-07 7.19071E-05
145 4.41822E-07 6.95151E-05
14.6 3.28826E-07 6.72135E-05
14.7 2.20537E-07 6.49856E-05
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14.8 1.16649E-07 6.28545E-05
14.9 4.28773E-08 6.07912E-05
15 0 5.87933E-05
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