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SUMMARY and KEYWORDS

I. Title of the Study
Estimation of storm surge inundation and hazard mapping

: Busan, Masan, Yeosu

II. Objectives and Significance

The objectives of study are to estimate and predict the storm-surge
inundation and construct hazard map mainly about Busan, Masan, Yeosu
southeastern part of Korea. That areas have suffered major damages frequently
when the typhoon hit the korea peninsula. To do that, we have to predict the
storm-surge inundation precisely, and for this, we have to establish the fine-grid
storm-surge model can be consider the meteorologic model and ocean
environment component at the same time. And to make a fine resolution grid
for model, it needs to coastal map registering with elevation and depth
especially at inter-tidal zone in most of coastal area.

To do that, it's possible to provide early alert and response where we can
expect to storm-surge inundation area, so we can protect and keep people’s life
and property and that's improved the national competitiveness to predict and
reduction the natural hazard. Moreover, the effective implementation of coastal
hazard forecast, it can be possible to planning the disaster prevention activities
and providing reference data to establish the national disaster management
policy. It will be enhanced trust in government and provided demand-oriented

technology to support natural disaster prevention project.

[I. Contents and Scope
The content and the scope of study are as follows:
O Research of advanced storm-surge inundation prediction

- Case studies of CDIT (Japan) and NOAA (USA), storm-surge prediction and



some suggestion of improvement

- Standardization of storm-surge prediction and hazard mapping from relevant
institutional review

- Construction of high-resolution coastal topographical map from LiDAR
measurement (Masa, Busanm Yeosu)

- Facility planning for storm-surge inundation flooding disaster prevention

O Fine-scale resolution coastal mapping

- Precise topographic survey using aerial or terrestrial LiDAR

- Precise depth survey using Multi-beam

- Construction of fine-scale resolution coastal mapping registering LiDAR and
Multi-beam

- Implementation of DB

O  Establishment of fine-scale  storm-surge  prediction model and

verification/improvement

- Establishment of fine-scale storm-surge prediction model

- Analysis of accuracy and adaptability among the numerical models

- Verification and improvement of storm-surge prediction results

- Typhoon field observation and data analysis, comparison with prediction
model results

- Estimation and statistics/extreme analysis about storm-surge height about the
inundation of major historical typhoons

- Establishment of inundation model considering with wave set-up

O Basic design of storm-surge disaster prevention facilities

IV. Results

O Research and data collection of advanced storm-surge and inundation
prediction and hazard map construction from CDIT (Japan), NOAA and
USACE (USA)

O Establishment the preliminary standardization of storm-surge inundation

prediction and construction of hazard map

_Vi_



Construction of precise and high-resolution coastal map from LiDAR’s
topographic survey and Multi-beam depth survey to improvement the
precision and resolution of storm-surge prediction

Establishment of unstructed grid numerical model for improving the
prediction precision and do the comparison with other numerical models
Verification of surge height using 3-dimensional unstructed storm-surge
prediction model and filed observation data and improving the prediction
accuracy

Estimation and statistical and extreme analysis of surge height and inundation
area using typhoon parameters and high-resolution coastal map about 50
major past typhoon

Establishment of wave setup hydrodynamic numerical model COBRAS to
consider the wave transformation at intertidal zone

Best practice surveys and analysis to flood disaster prevention facilities
Suggestion of tsunami inundation disaster prevention facilities at Masan from

the simulation using Flow3D (CFD model)

. Applications and Recommendation

Precise and high-resolution’s coastal map has constructed and used as an
input of inundation model to improve the prediction results. This coastal
mapping technique is transferred to other company and used to make flood
expectation map. Furthermore, there are many applications to quantitative
analysis of coastal erosion problem based on 3D geo-spatial analysis. That
means we can evaluate the morphological change variation over a specific
period through the quantitative volumetric calculation. So it's very useful to
coastal management and monitoring technique.

Through the cross comparison and analysis of various kinds of storm-surge
models, we can choose appropriate model and apply it to our sea of Korea.
With this results, we can presume the storm-surge inundation range and

make the hazard map.

- Vi —



O From the estimation of storm-surge height, we can verify the model results
and performance and do the comparative evaluation based on the existing
flood zone. Also, through the prediction of the possible range of damage, we
can establish the localized disaster plan from identifying frequency analysis of
damages with on several simulation scenarios.

O We can minimize the damage by estimating disaster quickly because it’s
impossible to protect perfectly the inundation or tsunami with coastal

protection structure such as revetment and levee.
V1. Keywords

O coastal mapping, storm-surge, inundation, coastal disasters, numerical model,

storm-surge prediction model, GIS, LiDAR, multi-beam, hazard map
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Table 2.1.1. Example of storm surge inundation Hazard map in Korea

< &6%
- T
®l XX rERIN
W XS | A
%O M o
P ~
;O‘_io
==y & X
N TAH B W
ﬂ_.mmao w0 o
-~ i
K| B
Tw m W
! =| = )
ur«w@z hhﬁomamw.r
= A+ nMuMeHﬂ
el J Ay
PER el
A
P R TR
jze] 1\r|1_/m‘K.I‘VVLJv!AO
On_ﬂﬂil“ o A X
szﬂux_, Hmﬁﬂﬂﬂ
KA jo°
N A e
M 14 oF x@&ﬂ
SN T mE
- gl M 2T
W»TS - F X
5| 2w ®
= | S or oY
TEH FTH® O
A )
q%muz,_ < N T
T A= &T B O A
_,T mn_vﬂ_“ot ﬂ_AI ﬂu._l




i
X & _g
X% < < —
R ® i
v A Tz i+ 5
® N N ) m..r_oim <& < ~
W _ = ° Hoo= o il i~
= < ¢ T 3 %0 8 ir S = & N
o Lo A R B S r o & -
o = N mF o) R == o o = @ o S
9 = = X =9 ﬁ._ = = T < o = S
T X = N oF rali S ~ o T ER= ISy
e 2o ﬂuauzT AR T i w & N
X AR 708 5 =~ . oS R T B! s &
= X = | = IR | p o s it
xo N = " =y N - oF Hlo X
T ol T 7 oF H oo _ W = R s F 7o N
o7 = 0N X S — |9 = o = -
mn_vugo o m | B Ti = mﬂmo ﬁwﬂ o Ap %O Eﬂ el Wu_m%_n_%go
2o o |% e ) L S E 2
3l ]);oo 1__A1F]1u X oL ~ J o R N K X (= 0 oo @ﬂe
=% NS uJﬁMzA iVo EE gﬁﬂimo aouoE Mﬁuxﬁ) wo Nrp#ﬂ_ol .
SR ) =P T - |2Im i wﬂimu%a ek 2oy W | ) T
iy RX ¥ o T E | D2 | o 2| mX war o 5 2 L
%mio_z% i Jaafw@ e zﬂ%w%g T SEE |n¥ %mﬁém
%o 7 A xR RGN o) T = P T ok o = i
— — R f N 7 s
. M5 X T Ap 2 WY B = kg T o W 7w w |8 e
dp o R BIRRGS =K | AR ~ K 7 B e T g B = S AW 0
B FI RO R ) B0 — ! _zu7l! = ¥ X S %O
z MM%@ . R TS Nm_iomm;, i4go b . = P w.,mavq%q(
mnog a urh O o 2 £ urmﬁ.moﬂﬁ o & o W.@mﬂ o RS M\qrﬂng
B N J ol %O o =T = XA T Jf Ho TF E X o) %O "
X ULjﬂ_HA _n;.o E._o o — ~ o ! mA.uHL %O EE E :.lﬂ__lﬂ Xo X L - O,* ali] N
R W o P | B =0 el SR ol ST | s x
L Uy A oy rlE Yy i [uepeiged ol < e o ugwman o R a9
3 ' H XX %O L.,A]oﬁ.mw E;o_n.mw n_u;omﬂ e ﬂan ° 5
mm b : RO R mﬂu_ M_mm_.wur@ AN R 1 R NJE vﬁ w2 W E
N —_ ! ﬂr]A —_ — . X I
N o | _ TN m_ma; o@?ﬂ wmau} E_o_w_waxd
—_ ) = —_ ) ~ —~
A Al £ FFw | TE s frRe
i H,_wﬂ,_ﬂu 4oy N _ B0 A ﬂwﬁlx aoluxﬁ.__ﬂﬂ
L2z o _ N ER =k
R X o =% { Y ! é_aﬂwﬂua
Ho g A mﬁﬂ@ _zmx U BT ! <
E_.mﬁ_vu_]uau‘n__ou < 2} oEme.o H <
e w T 5| X% N Wy B
m_u.oﬁ.ﬁ maoﬂ ,WH .#&I.LI
o ﬂArO AT@U\MO.A
%%4%
|
WX " i
7oWﬂA_|




A2d =9 e/ 9%

ar

HFE B2t v AMIFHN7IH(NOAA)S FHo=E &
2t mlo]ejulo]| National Hurricane Center (NHC)9} sl¢to] &5 EF 9 Central
Pacific Hurricane Center (CPHC)E il v Hurricaneo| ¢J%t ZF IS 3HF 4
H 72712 < AAEE AlAF G sk AAES TS H ol24 =7
S AJAME(NHCO) &} F2-2 AFAIE(CPHC, JTWC S)olA sglAIQde] 2 HH
SEAA BUEPE R dFS AAske AAE ZFa v dF Rders Id
g FAITH el o3 Yo mRE E{T 3kl A6 o3 2y Fo] L
U BAEH agla 221930 B3-S Tropical Prediction Center (TPC)ell <2]3}¢d,
a8 3%kl R3S National Centers for Environmental Prediction (NCEP)¥Z}
Environmental Modeling Center (EMC)l|l ¢}3te] 853 3ltd. NWS(National
Weather Service)oll = ZA] A5 7REsk SLOSH afld o® 2&S A= At
AA 204708 FHo g2 Urola FY o Ho] &8t doH, o] dE HFYS
2t 2 A HE A= (Hazard Map)E ©|-&st] AWAZF 2 A= A
WEAl o - AR F adA te) 5 AsAT 2 gl A5 283t @A ot

< 2007 5€ vl SR = AR Qg ArHd FE ¢S
9 X (White Paper on Estimating Hurricane Inundation Probability)E formulation
of design storm events, estimates based only on historical storms, the empirical
simulation technique, the joint probability method, the empirical track model &
o] thFgk e Soto] AAdet o

JEAME= oM HF WHF(1953d 99)o. 2 JE Aty uwod g & F o]

°

F AR HE FHOR BFA AU 5 A5 GFaA deks] A8 2
=

2 ATE NIH NFATR, B
RASE A AR EAFL, TENEY W FVFYNEATE 2



do7= didsel

= o
=

3f

oA AR

, AAA (R

gk

g 3sn Ao

}o]

3|

AHRES FA438

1

7

al

)

]

=3
1o

+

e
To!
o
o

F71 As) = BERAE 4

S

g ]

]

Y
o

—

0
o

teq A%

)5

PAEATEG B

Q]
=

3)

ol

RS

3 o) BAE AR

48

AR @A 7} 32

o

49 =

19 g melA 2

Z] %1 3]

UE PARI 5ol A
b1 9

3|

(Volume Of Fluid) 7]

] VOF

=)
R

&to] 33k

B
L=

ol 3xtd&o=z +3

o

R
o
juzel

N

—_
o

Ho

Ho

T

=
2

25 B A

)

—~
o

O

el
al7
o

N

o

[——
"o

ol

Table 2.2.1 Disaster Prevention Facilities at major cities in Japan

—_—

P A E ©

3
pud

il

N

3
s
.WL N~

F
B o
T AR
o
o
ﬂwﬂ 1__.._
m J
G+ E
~

- L Aje] Ay

LA




oA |- Aslel gyl AE A

S| 2AIVE |- e]R7Ihel o3 FAR] Y

- AN AT EEUS AdvHow OF
- Aol qaEE AANLT ZEALe] o8 A5, A8 o
ege | =

a7t wokd AAY =7k A=, dEdE, dnt=,

= 7} 3 Eo] %S (Murty, 1984). 8 AT BAAME
& FHARAA dE&3E F de FIFHYE d - BE A2F Jidoln, AA G
STWS, Yd&=, winf=e] A ARAAEo0] $851 gt 2E< A 7)o
g&stE o] WAl 2 Ak s Foll &-8(DHI Mike System, Delft®] DELFT3D %)

o
O
—11 L

i dew, HTo A= 9 F&A oA Environmental Programmed] Y$S
2 CENAS ZEAE(1990-1994)5 F33te] sioH Asd dsE Jdo=
of=gfal] A sitel kWA EARAOA FFAL o] FHHIASH o]F

MAST Program(The Marine Science and Technology Programme)®] A 4%}

eaa=ods des=2 A 2 wj$Age 2 JsiE A, 71E Ao
Hy7h obd AZE 7d el 1H- A Q] Delta Project® WEAE 71A431E wF

of Baot worBol EuE F YA H; F4E lgEE o2 B

rr
X
ot
o
4 g
i)
ol
e
o

QT2 ThamesZ QoA E o|ARE Zw Fe WHIAI 7l ©eron, 1953
WETE dd T s¢te] RFEstAt o] & AI7IE Waverly #1935 2938,
AlE A Thames BarrierS X3t} HAA| o= FAHel A

=

e FXREA 19833 $€F F 2008 1€7HA] 1079 9



el SPAE wirdel Hawy,
stef 4gstn gt

e
e

re
r (o]

=
1z
N,
>
re
-
=
A
2
Lo
o
2
2
i
i
ol

Of

L
Tj (
N
ki
2L

N
o
o
z
>
T
Au)
to
Bu)
ol

lo
=
td
o
o
ll
fu
-
S

& 52 40 0¥
%

o YAFEE AFV oYF FE Y

il
i)
o
o>,
S,
>,
o
o
s
-3
=
i)
2
>,
ol
rr
b
1>
o
r (o]
Lo
2
o
0

ol Alzis N
2ol Tiet
data7}

(a) Hazard mappmg of water depth (b) Hazard map of time lapse
Fig. 2.2.1. Schematic method of hazard map

ZANA NARANE 5o A WAUZT EF

A A5 AZA olgaE F4lT Ex HolE, HA sl mE A5EY 5L

%
[-40
riy
Ach
=
r-l
e
N
®
rr
_1}'4_,
o

AgoI e AHgste EnAE IFAE A4 9T VB YRSt
e HolHE BaE Pk 53, TFHYS) AT 47t AHE A9 Ex
golee, A54=e] BhE Astel 1 m urk HAT 2

e Aarel HolEst EANA it AGelNE, APYEe] =3

o
3} sjgre] AEbel o9 8ol

Y
flo
ol
L
K
>
e
fo
o
T

- Fig. 2228 AAZAC] MR ol v G tigh A ZM, A F9Hel
50 m AL HAHA0E AFS TASY, odl mE xo] AiolAM B

Az o] H4etA &a vk ¥, Al HFFYGLe SAH0FE A H



11

ﬁo
4
‘_lr,”
ol o X .
B ™ T MM i
i+ A 3
{F = @A ™ X s
et ) 0 <d %o ~ T RO
R o % Lo | % L
T o ot A N | R z
= N | A
03 w T CK T | 4% | e
do ~ X ! - .ﬂm 4 N %0 o) [
%0 c B [T I . "o X0 DN Ao cwo o
o 8 e e ny m‘u_“ @l I~ I & <
wp < ww i w2 N t v gl
= 7 & 5 oL T ) F O
I g5z il = P X w T o R
O LR ﬂuwm R B Cl o : w o-
— | T 7 n \Ui (q\l ) )
X 7 ; wamumx ; © N 5 wmoow m = Mﬁmw_dﬂ %_o,_ wa iy
- ,.M.\A & E Q — ) ) ) JvAl o )
gl A 3 Nt CRE- i BlE®E| = i )
| P 5 — O
T , | [l = o< < T 2 | 7o P L% | X & iy
/ ‘g e o ETH - T 20 o W o | = M 8’
- 3 o N g u:wmbéﬂbnx oo | P
G 5 w £ g = = x REE = | B cm
o v I — 3 N Hlo -
5/ . \\4 w ) M X E (4 m Hr o W ,_nm mmﬂu
T B e = o XX R
ny N G B T T 5 - o
< o X = o) & JE o
T ¥ 9 TR S = JE T py
o -~ i 2 J £ = C = I JE
.@I Z.L . ~ o) o S N 3 0 = T =
e O - i AN g S Cl S o N O -
_ K 3 T ‘U|,._ E.:u B m LW = g 3 ‘.._. -
LI T X o5 o = T | EX = |72 -
N o5 q ERCRN- =B 53 =" | ®
O ) e e Nr o £ s O o - = = NI
N T . ° o & T @ =
g lﬂl_l B! N = X WL ;ﬂoL B o Mx_vu
o Do A X = | X o | &
o poomoop i | x
N~ of o o o | H )
_ _ S| % ) * -
= — o) o N
— =)} o <t
q\ (e o
e\ S
Q|




=7 1EATAE, 2004)
3

Awe] A4 2 gL 99 WAR, TR

T B FHFAAELS ALY - FFD AYAE AT E A S HAE

R AHEAA AS Tt EAH & HESHY Fig 2233 22 =3

Fig. 224+= At 2AGA ] e A= S8Uds FUydEd P44

0

A

h=d]
=

=8 Fxi #axiz fxi

D

A MSI0| MY 218 Y=
1, KESHY AN 2. ZZHY Al

11I1 I ey Y Ciyiy My

H2ZE EEleelpe )]

rr—— f

SICHB A0IM I E AT B2 |

CTEN oIS WM s RE HBAIS &y

| me gnoi |

J

LEEE ¢EA=e| g8 3 Fulojs, 2R

Fig. 2.2.3 List of Hazard map Manual (Japan, 2004)

- Hazard map
A
3o |
o
;{{ 3
=
L~ CEEEEED l
= HIHHE S =l
BUBS o  (Iuzs) s
HHS2 A BeHEEAIE S|
. Hard EHl &
a I
‘l!,;l Real Time
b1 Hazard &%
E T = o n=as (i'gg‘s’;,’if“,';
i (mga=zel stel 5) SR T eoopm
A |2 (DIFHIEA)S
o |
g —
o MM
4 l
A ﬂ
i —_ . <. Nuel T WSH TE
A

| ferd BUIS SESW @@ O ad BUS Sws o
Fig. 2.2.4. Application of Hazard map

Be A FENEA E o X (www.gsi.go.jp)

il
oft
N,
5
é
i3
-
Ay
e
0 0

AAA FEolA dde Tl AM=E AestL A

=
TS

= Fig. 2259 o] HFAY, AMMNY, T, EAAE, st 5o



A% E7MMel tha Aolzh dEhtn Uk 53 A9¥z 9@A9e 3

Sa glow, Wl 2 W8 5 A AWslr) 9 A Pl Ax

IR AR W ZFsdo] #3 JIA=E A #%718}7] A% viwd
1Th 20079 S E wEA A Akt A AL A Ak

al
AzE R AH HER 1E ABAS AP Fsel 9

540

MA,

o

M R AT
R

s o Wl FR R
: FEr

FBiE FFisL MeH
g . =
2 e %
£ £
HSolUTE 1= e e X|Elafjeiatel 1= EANGHE 2=

Fig. 2.2.5. Implementation of Hazard map from Administration of Land,
Infrastructure and Transport of Japan

_13_



Bey P

MR EERER

0y

ol R BT

B ﬂlll:-u“
A

L}
ZEIAMERR

T [xanunneamaan

7719}
Li2A|or 0=

_14_




(c) Hiroshima

Fig. 2.2.7. Example of Hazard map by the local government of
Japan
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(a) Wide grid (a) Fine grid
Fig. 2.2.8. Prediction of Storm surge at Hurricane Gustav(2008)
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Table 3.1.1. Damages of Typhoon Maemi

717 - 2003, 09, 11~2003. 09. 13(2003. 09. 30 dA)

=2\ X494 Ao = 4 Al a5 ad b B3 £7
Zo|xHzl o 5,349 56 117  7750| 6,462 39,798 247 61,034
A = 14 4 1 11 16 60 2 19
9l d4 3 = 3 2 1 3 4 13
s 85 A g 128 7 10 22 16 159 2 366
A g 145 11 23 34 35 223 4 498
. =4 ha 670 106.8| 105205 262673 424955 14956.02 2415263
Iy A ha 68 145 076 253 323.21
N A ha 738 | 10825| 105281| 2,62673| 424955 15209.02 24,475.84
oM x| = 162 24 87 145 132 926 7 1521
R 24 278 290 047 561 2,384 97 4889
- I 2139 808 3756 207 219 11092 68| 20,389
= A = 2,525 1,10 4133 1,299 2812 14,402 272 26799
1] 5 of e 7,070 2,694 6909 18304 8672 62,111 1463 | 108,609
e o |8 T H 47 1 2 136 26 1,769 15 2,383
S Tle g A 411 1 134 27 2,416 4 3,064
4, |8 o o 60 1 13 208 1 283
gl T o d o) o 8 2 6 87 103
A sl 896 2 3 272 72 4,480 57 5833
1] 3 of warel | 10,643 2 4 1330 133 22144 388 34787
o X ha 1419 94927 77 82413 7093 35| 1893.04
o = ha 411 6335 84456 7885 97632| 118734 317474
;I A ha 411 7754| 179383 8656 180045| 125827 35| 5,067.78
1] 3 o Ho el 69 2567 48135 542 32592 15977 147 100,478
o S ha 90917 |  22029| 218895| 62123 882335| 7.144.00| 1486726 3560775
- BoOA ha | 2875.00| 57672| 223484 912220 649255  15093.09 302 | 46,7163
- 7l et ha 37104 1022 17965| 767091 985192 1939091 237 40759.24
= A ha 415521  807.23| 460344| 1741434 2516782 | 41628.00| 14899.83 | 123,138.62
2| Ha 52 64 497 160 625 606 47 2150
2 |2 | A 2 3 26 1 24 34 90
I off of | wakel 15,246 8215 178576 7706 56579 118761 3123 | 394,070
2 st H| A 3 123 256 46 1,244 824 39 2,668
| 7T |ma ) ek 1465 55420 112,164 4436 126904 | 344,041 4013| 678,407
e} A3 A5 H| A 72 384 27 1,481 1,375 17| 3685.00
= T o | ok 13,123 84,993 14671 97446 145954 12| 366,355
S L NES=II VN 21 351 153 60 166 336 10 1,120
AT s o | ok 3330 0391 25023 3,356 6202 33080 536| 82,339
R LN 62 2 9 8 18 5 127
S| m e o | woky 60,110 508 9,501 11109 | 25,765 11456 | 123,692
ofst GENIEEN 20 1 63 32 234 19 376
S| oal o | oty 13,828 255 7933 14782| 90,908 2099 134303

oo o A | Wt 477120 | 124230 | 751825| 116382 587.801| 1462619| 32395| 3332521
Z 0 sf o | wory| 381087 180264| 827914| 196888 669,118| 2306194 | 49304 4775652
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Table 3.1.2. Comparison of typhoon Maemi and Isewan

Fig. 3.1.3. Hazard map of Masan

T B3 Teje B3 TolAlg,
A 2003.9.6. 15:007 (& F= 1959. 9. 21.(vt U= H2)
Al 7] 2003. 9. 12. 21:507 (v}4H) 1959. 9. 26. 22:0073 (L}aLoF)
=) T 959hpa 895.4hpa
S| = g FE(uhah dE(GaLe]
:; HAN &< 388m/s(PH), =AW FE 60m/s 37m/s(UaLel), U F4 75m/s
K 38mm 40 - 70mm
B 2 1.81m (9. 12 o B.X]) 1.86m
A F9 = 439m (1 2.58m) 531m (1 3.45m)
2178 3l (H) AM 18, H4d 14 A 5,008, B4 38,921
gﬂ] AEIE(E) 438 833,965
%‘j{ ATF7HE (%) 8,135 363,611
/A8tal s (H) 797 7,576
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Fig. 6.2.4. Typhoon path: MAEMI(0314), RUSA(0215)
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Table 6.2.3 Sensitivity analysis following typhoon information

T % U= A3 Cases H 1
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Fig. 6.2.8. Surge height variation following to typhoon parameters
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(b) Grid interval: 30 m

Fig. 6.2.10. Different inundation results by the different grid size
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Table 6.2.4. Maximum surge height at each site about major 50 typhoons

HEAZ| 82 | A8 | B | O | 24 | O= HEHT | EZ | YD | EA | O | 2y a
5111 194 147| 108| 204| 130| 240 9007 48| 339| 264| 329| 321| 402
5209 234| 173| 118| 256 156| 339 9109 393| 6L8| 681| 475| 60| 425
5412 87 13| 161 6.5 135 77 9112 412 386 228 569 34| 425
5609 169| 205| 264| 150| 223| 173 9119 137| 241| 332| 215| 295| 158
5612 510 | 847| 1032| 600| 10019 | 435 9219 604 | 424| 225| 556| 369| 499

5707 116.0 103.8 516 1820 834 916 9307 715 1231 1226 1126 1191 95.6
5914 148.2 160.2 107.0 17189 153.2 1327 9414 258 214 129 243 19.0 39.2
6015 20.3 151 9.8 215 124 219 9429 108.5 804 415 1157 67.2 108.2
6104 119.7 8l.2 411] 1094 69.0 991 9503 108.2 720 41| 1129 56.5 118.3
6304 1055 70.3 48| 1128 579 1129 9711 64.8 500 277 76.0 414 68.2

6411 30.2 216 126 305 185 554 9809 544 393 224 519 333 89.5
6807 475 64.3 66.5 535 70.0 373 9905 255 199 10.9 26.0 16.7 46.6
7207 63.2 46.0 26.2 6.4 39.2 957 9907 26.8 19.0 119 255 16.7 426
7310 367 28.8 195 36.4 259 515 9918 10.9 16.2 19.7 10,0 18.2 129
7408 401 54.8 400 417 519 393 0012 16.7 129 8.3 144 116 236
7910 438 321 198 487 279 365 0014 994 1023 491 1721 83.1 66.5
8013 8.0 10.3 121 8.1 111 6.6 0205 139 119 84 127 10.8 189

8118 425 504 54.7 387 596 424 0209 10.2 a0 43 a9 76 169
8410 40.7 50.7 473 422 518 438 0215 1127 818 427 1214 671 | 1462
8520 24.2 194 129 201 17.3 314 0306 35.0 440 40.6 353 455 71

8605 654 55.3 38.2 60.0 519 66.8 0314 190.0 1125 530 | 2192 87.7 1945
8613 474 36.0 210 443 1.2 6.1 0415 62.6 80.6 70.1 722 76.5 454
8616 344 284 205 338 254 391 0418 28.8 31.2 481 251 397 343
8705 99.8 67.8 48| 1170 558 1315 0603 46.3 342 19.9 55.0 29.6 58.0
8712 7641 119.2 1185 900 1282 65.2 0613 187 245 30.6 19.8 217 220
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Table 6.2.5. Result of frequency analysis from INSPECT at Masan with major 50 typhoons

e MOM MML MPWM
GEV | GUM | WBU | GEV | GUM | WBU | GEV | GUM | WBU
2 50.4 51.4 46.6 44.0 50.4 48.7 45.4 51.7 46.6
3 70.7 724 68.5 61.6 67.7 69.7 63.3 72.0 68.6
5 93.9 95.8 94.4 85.0 86.9 93.9 86.1 94.6 944
10 1239 | 1252 | 1274 | 1214 | 111.0| 1242 | 119.7| 1231 | 1273

20 153.6 | 1533 | 158.8 | 165.5| 134.1| 1525 | 158.0| 1503 | 158.7

30 1711 | 1695 | 176.7 | 1958 | 1474 | 1684 | 1832 | 166.0| 176.5

50 1934 | 189.8 | 198.6 | 239.7 | 164.0| 1878 | 2184 | 185.6| 1984

70 2083 | 203.1 | 2129 2727 | 175.0| 2003 | 2439 | 1985 | 212.6

80 2143 | 2083 | 2185 | 286.7| 1793 | 2052 | 2546 | 203.6| 2182

100 2243 | 2171 2277 | 3116 | 1865 | 2133 | 2732 | 2121 | 2275

150 2427 | 2331 | 2444 | 3614 | 199.6 | 2278 | 309.6 | 2275 | 2441

200 256.0 | 2444 | 2561 | 4008 | 208.8| 238.0| 337.6| 2385 | 255.8

300 2750 | 2603 | 2725 | 4627 | 2219 | 2521 | 3804 | 2539 | 2721

500 2994 | 2803 | 2928 | 553.0| 2383 | 269.5| 4405 | 2732 | 2923

Z:} -@'E X00X 000X 000X X000 0000 0000 0000 0000 0000

Table 6.2.6. Result of frequency analysis from INSPECT at Busan with major 50 typhoons

- MOM MML MPWM
i GEV | GUM | WBU | GEV | GUM | WBU | GEV | GUM | WBU
2 39.9 40.3 38.7 36.8 39.8 39.9 37.6 40.3 38.8
3 53.4 54.0 53.7 49.2 51.9 54.3 50.3 54.0 53.7
5 68.6 69.3 70.3 64.8 65.3 70.0 65.8 69.2 70.3
10 88.1 88.5 90.7 87.3 82.2 88.8 87.3 88.3 90.4

20 1071 | 107.0 | 109.2| 1124 984 | 1058 | 1105| 106.7 | 108.8

30 1181 | 1176 | 1195 | 1287 | 1077 | 1152 | 1250| 117.2| 119.0

50 1321 | 1308 | 132.0| 1511 | 1194 | 1264 | 1444 | 1304 | 1314

70 1414 | 1395 | 1399 | 1672 | 1270| 133.5| 1581 | 139.0| 139.2

80 1451 | 1429 | 143.0| 1739 | 130.0| 1363 | 163.7| 1425| 1423
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MOM MML MPWM

M

v GEV | GUM | WBU | GEV | GUM | WBU | GEV | GUM | WBU

100 151.3 | 148.7 | 14822 | 1855 | 1351 | 1409 | 1733 | 1482 | 1474

150 162.6 | 1591 | 1573 | 2079 | 1442 | 1491 | 1915| 1585| 1564

200 170.7 | 166.5| 163.6 | 225.0| 150.7 | 154.7| 2052 | 1659 | 162.7

300 1821 | 1769 | 1724 | 2509 | 1599 | 1625 | 2255 | 176.2| 1713

500 196.7 | 190.0 | 183.2| 286.8 | 1714 | 1721 | 2529 | 189.3| 182.0

a.?ﬂ'E ‘ 000X ‘ 000X ‘ 000X ‘ 0000 ‘ 0000 ‘ 0000 ‘ 0000 ‘ 0000 ‘ 0000

Table 6.2.7. Result of frequency analysis from INSPECT at Masan with major 50 typhoons
(surge height 1hr observation data)

. MOM MML MPWM
T [GEV [ GUM | WBU | GEV | GUM | WBU | GEV | GUM | WBU
2 32.4| 326| 334| 30.8| 324| 339| 31.1| 326| 338
3 40.2| 40.6| 423] 38.1| 39.4| 425| 385| 405 42.2
5 49.0| 494 | 51.4| 470| 472 512 475| 493| 508
10 60.3| 605| 61.7| 59.7| 57.0| 61.1| 600| 60.3| 60.4
20 71.3| 712| 705| 737 66.4| 695| 732| 709| 686
30 777| 77.3| 752| 826| 71.8| 740| 815| 77.0| 73.0
50 85.8| 85.0| 808| 948 786/| 79.2| 926| 846 781
70 91.2| 90.0| 84.2] 1035| 83.0| 825| 1004| 89.6| 81.3
80 93.4| 92.0| 856 107.1| 84.8| 83.7] 1036| 91.6| 825
100 97.0| 953| 878 113.2] 87.7| 858 109.0| 949| 845
150 | 103.6| 101.4| 91.6| 125.1| 93.1| 89.4| 119.3] 100.9| 88.1
200 | 108.3| 105.6| 94.3| 134.1| 96.8| 91.9| 127.0| 105.1| 905
300 | 1150 111.7] 97.9| 147.6| 102.2] 953 1384 111.1] 938
500 | 1235 119.2| 1023 | 166.1| 108.8| 994 | 153.8| 118.6| 97.7

Z‘]@'E‘ 000X ‘ 000X ‘ 000X ‘ 0000 ‘ 0000 ‘ 0000 ‘ X000 ‘ 0000 ‘ 0000

Table 6.2.8. Result of frequency analysis from INSPECT at Ytsu with major 50 typhoons

MOM MML MPWM

GEV | GUM | WBU | GEV | GUM | WBU | GEV | GUM | WBU
50.8 51.4 50.0 47.9 50.9 51.2 48.0 51.4 50.4

2
3 67.1 68.0 68.2 63.1 65.6 68.8 63.3 67.9 68.3
5 85.6 86.6 88.3 81.7 82.0 87.8 81.9 86.2 87.9

10 109.3 | 109.9| 112.6 | 108.1| 102.7 | 110.5| 108.0| 109.2 | 111.3

20 132.4 | 132.3| 134.5| 136.9| 1224 | 130.8| 136.0 | 131.2| 1324

30 146.0 | 145.1| 146.6| 155.1| 133.8 | 141.9| 153.6 | 143.9 | 143.9

50 163.1 | 161.2| 161.1 | 179.9| 148.1 | 155.2 | 177.4| 159.8 | 157.8
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. MOM MML MPWM
i GEV | GUM | WBU | GEV | GUM | WBU | GEV | GUM | WBU
70 1745 | 171.8 | 170.4| 197.4| 1574 | 163.6 | 194.0| 170.2 | 166.7
80 179.0 | 176.0 | 174.0| 204.6 | 161.1 | 166.9 | 200.8 | 174.3| 170.1
100 186.6 | 182.9 | 179.9| 217.0| 167.3| 1723 | 212.6 | 181.2 | 175.8
150 200.5 | 195.6| 190.5| 240.9| 178.4| 181.9| 235.0| 193.6 | 185.8
200 210.5 | 204.5| 1979 | 258.8 | 186.4| 188.5| 251.7| 202.5| 192.8
300 224.6 | 217.2| 208.0 | 285.7| 197.5| 197.7| 276.7 | 214.9 | 202.4
500 242.7 | 233.1| 2204 | 322.3| 211.6| 208.8 | 310.4 | 230.6 | 214.2
7—“]?}'5‘ X00X ‘ X00X ‘ X00X ‘ X000 ‘ X000 ‘ 0000 ‘ X000 ‘ X000 ‘ X000

Table 6.2.9. Result of frequency analysis from INSPECT at Yeosu with major 50

typhoons (surge height 1hr observation data)

- MOM MML MPWM
T GEV | GUM | WBU | GEV | GUM | WBU | GEV | GUM | WBU
2 54.5 57.3 55.5 49.4 56.7 58.5 50.3 58.3 59.2
3 70.7 76.1 76.1 61.4 69.4 77.4 62.4 74.4 76.6
5 90.4 97.0 98.9 78.9 83.4 97.7 79.4 92.4 94.9
10 117.8 | 123.4 | 126.4| 109.8 | 101.1 | 121.4 | 107.2| 1149 | 116.0
20 147.0 | 148.6 | 151.3| 152.4| 118.1 | 142.5| 143.0| 136.5| 134.4
30 165.2 | 163.2 | 165.1 | 184.7| 1279 | 153.9| 168.7 | 149.0 | 1444
50 189.6 | 181.3 | 181.7| 235.5| 140.1 | 167.5| 2074 | 164.5| 156.1
70 206.7 | 193.2| 192.2| 276.6 | 148.1 | 176.1 | 237.4| 174.7 | 163.5
80 213.7 ] 198.0 | 196.3 | 294.8 | 1561.3| 179.5| 250.5| 178.8 | 166.4
100 225.6 | 205.8| 203.1| 328.2| 156.6| 185.0| 273.9| 185.5| 171.1
150 2484 | 220.1 | 215.2| 398.9| 166.2| 194.7| 322.0| 197.7| 179.4
200 265.4 | 230.2| 223.6 | 458.4| 173.0| 201.4| 361.2| 206.4 | 185.1
300 290.5 | 2445 | 235.2| 557.9 | 182.5| 210.7| 4245 | 218.6 | 192.9
500 324.4 | 2624 | 249.4| 715.1| 194.6 | 221.9| 520.2 | 234.0| 202.4
A= ‘ X000 ‘ 0000 ‘ 0000 ‘ XXXX ‘ XXO0X ‘ XXO0X ‘ XXXX ‘ XXXX ‘ XXXX
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Fig. 6.2.12. Frequency analysis of surge height b/w observation and modeling
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To-

(a) BUSAN

(b) YEOSU

Fig. 6.2.12. Inundation result of Busan and Yeosu (50 year frequency’s surge

height)
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(D Rankin vortex model
(6.3.1)

(P(r)—P))/(P,—Py)= Ae "

—b
(6.3.2)

@ BRET-general model
1+a(i)2}
To

(P(r)— P/ (P, —F)= 1—

1714,
HomRE AL r) AR HE%

AF7A o] A (HHEF W)
631 A=B=1

Ty = SAHLENH
A, B, a, b= BIHLE dojA= AFolr 53] 4
Y wj+= Original Rankin vortex model (Schloemer, 1954)°] =il 2] (6.3.2)°l 4
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model (by T. Fujita)©] €T}
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QuikScat Wind Vector (2003/09/12 20:13:54)
P Ry

QuikScat Wind Vector (1999/07/26 21:18:24)
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Fig. 6.3.7. Calculation of wind speed from QuikSCAT
(@: center of typhoon)
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Fig. 6.3.8. Calculation of maximum wind field
from GMS satellite
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Fig. 6.3.13. Typhoon track using long-term storm-surge simulation
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Table 63.1. ZZ3Y A EY o)A A1LE HE 2=
vz IHE HFolE HAAZY H37I |HE | a3HE | HEels | AAZG | HE7Iz
1 5111 MARGE 919 [08.16~08.23| 51| 6410 | GRACE 998 | 07.26~08.04
2 5114 PAT 980 [09.25~09.30| 52| 6411 | HELEN 930 | 07.29~08.04
3 5201 CHAI;LOTT 960 |06.11~06.17| 53| 6420 | WILDA 895 | 09.20~09.26
4 5204 FREDA 990 |07.10~07.16| 54| 6513 |HARRIET| 970 |07.24~07.29
5 5209 KAREN 955 |08.14~08.19| 55| 6515 JEAN 940 | 08.02~08.07
6 5211 MARY 985 |08.31~09.04| 56| 6518 MARY 950 | 08.16~08.25
7 5304 KIT 910 |07.02~07.08| 57| 6523 |SHIRLEY | 940 |09.05~09.11
8 5309 | PHYLLIS 980 [08.20~08.25| 58| 6615 | WINNIE 970 | 08.19~08.26
9 5407 996 |08.21~08.28| 59 | 6617 BETTY 986 | 08.22~09.02
10 5412 JUNE 925 09.09~09.15| 60| 6618 CORA 918 | 09.02~09.09
11 5507 CLARA 920 [07.11~07.17| 61| 6707 BILLIE 980 | 07.05~07.10
12 5508 DOT 995 |07.14~07.17| 62| 6710 975 | 07.20~07.30
13 5512 990 |07.22~07.24| 63| 6715 988 | 08.10~08.13
14 5522 | LOUISE 930 [09.24~09.30| 64 | 6804 MARY 925 | 07.23~08.03
15 5523 | MARGE 965 |09.30~10.05| 65| 6807 | POLLY 965 | 08.11~08.17
16 5609 BABS 960 |08.11~08.18| 66| 6816 | DELLA 930 | 09.21~09.27
17 5611 DINAH 970 |08.30~09.06| 67 | 6909 CORA 935 | 08.18~08.23
18 5612 EMMA 930 [09.04~09.10| 68| 6911 ELSIE 895 | 09.24~10.02
19 5613 FREDA 980 [09.14~09.23| 69 | 7002 OLGA 910 | 07.01~07.07
20 5705 | VIRGINIA | 940 |06.24~06.27| 70 | 7004 RUBY 985 | 07.15~07.19
21 5707 AGNES 905 [08.16~08.22| 71| 7006 994 | 07.28~08.01
22 5710 BESS 950 [08.29~09.08| 72| 7009 | WILDA 940 | 08.10~08.16
23 5819 GRACE 910 [09.02~09.07| 73| 7010 | ANITA 910 | 08.17~08.22
24 5904 WILDA 990 |07.05~07.09| 74| 7011 BILLIE 945 | 08.25~09.01
25 5905 BILLIE 970 |07.14~07.19| 75| 7119 OLIVE 935 | 07.31~08.07
26 5909 JOAN 885 |08.28~09.02| 76 | 7120 POLLY 980 | 08.07~08.13
27 5911 LOUIS 965 |09.02~09.08| 77 | 7128 BESS 905 | 09.19~09.26
28 5913 NOR 988 [09.09~09.14| 78 | 7207 RITA 955 | 07.22~07.27
29 5914 SARAH 905 |09.14~09.18| 79 | 7209 TESS 950 | 07.16~07.25
30 5915 VERA 895 09.23~09.27| 80 | 7220 | HELEN 955 | 09.14~09.21
31 6006 POLLY 950 |07.19~07.29| 81 | 7303 BILLIE 915 | 07.15~07.20
32 6008 | SHIRLEY 910 [07.29~08.06| 82 | 7305 DOT 975 | 07.16~07.21
33 6015 | CARMEN | 975 |08.18~08.23| 83 | 7310 IRIS 970 | 08.12~08.18
34 6019 1008 |08.31~09.02| 84 | 7408 GILDA 945 | 07.02~07.07
35 6104 BETTY 947 |05.26~05.29| 85 | 7411 JEAN 994 | 07.17~07.21
36 6107 DORIS 986 |06.27~07.07| 86 | 7416 POLLY 950 | 08.28~09.05
37 6110 HELEN 970 |07.26~08.07| 87 | 7502 | MAMIE 992 | 07.25~07.30
38 6115 KATHY 988 |08.15~08.18| 88 | 7505 |PHYLLIS| 920 |08.14~08.18
39 6118 | NANCY 890 |09.13~09.16| 89 | 7513 CORA 945 | 10.02~10.06
40 6123 TILDA 925 09.29~10.07| 90 | 7609 |THERESE| 925 |07.15~07.21
41 6205 JOAN 985 |07.07~07.11| 91 | 7611 | WILDA 985 | 07.22~07.24
42 6209 NORA 968 |07.30~08.03| 92 | 7612 | ANITA 980 | 07.23~07.27
43 6210 OPAL 900 |08.04~08.10| 93 | 7615 DOT 990 | 08.18~08.24
44 6217 AMY 940 [09.03~09.09| 94 | 7617 FRAN 910 | 09.07~09.14
45 6304 | SHIRLEY 945 |06.17~06.21| 95 | 7707 AMY 985 | 08.18~08.27
46 6305 TRIX 984 |06.30~07.05| 96 | 7803 POLLY 985 | 06.14~06.21
47 6309 BESS 930 |08.04~08.13| 97 | 7808 | WENDY 960 | 07.22~08.04
48 6405 BETTY 960 [07.02~07.07| 98 | 7811 |[CARMEN| 960 |08.13~08.20
49 6407 DORIS 995 [07.14~07.17| 99 | 7818 IRMA 970 | 09.10~09.15
50 6409 | FLOSSIE 980 |07.24~07.30| 100 | 7910 | IRVING 955 | 08.13~08.18
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dHS IS BFolE AATIY HEI |LERISEIHE HEels  |[HAAVIY #IFT
101 7911 JUDY 910.0 |08.19~08.26| 152 9306 PERCY 975 |07.27~08.01
102 8003 ELLEN | 9450 ]05.19~05.22| 153 9307 ROBYN 940 |08.07~08.11
103 8007 IDA 980.0 [07.09~07.15| 154 9313 YANCY 925 |08.30~09.03
104 8012 | NORRIS | 945.0 |08.26~08.31| 155 9407 WALT 915 |07.18~07.28
105 8013 | ORCHID | 960.0 |09.08~09.12| 156 9411 | BRENDAN 992 |07.29~08.03
106 8019 | WYNNE | 900.0 |10.09~10.14| 157 9413 DOUG 930 |08.06~08.13
107 8104 IKE 965.0 [06.12~06.17| 158 9414 ELLIE 965 |08.07~08.17
108 8105 JUNE 965.0 [06.19~06.24| 159 9416 FRED 925 |08.18~08.26
109 8110 | OGDEN | 975.0 |07.28~08.01| 160 9426 ORCHID 925 109.25~09.29
110 8118 | AGNES | 950.0 |08.28~09.04| 161 9429 SETH 915 |10.08~10.13
111 8120 | CLARA | 960.0 [09.20~09.27| 162 9503 FAYE 950 |07.19~07.24
112 8211 CECIL 920.0 |08.07~08.13| 163 9507 JANIS 990 |08.20~08.28
113 8213 ELLIS 920.0 |08.23~08.28| 164 9612 KIRK 955 |08.09~08.14
114 8310 |FORREST| 900.0 |09.23~09.29| 165 9708 PETER 970 106.26~06.29
115 8403 ALEX 960.0 [07.02~07.06| 166 9711 TINA 955 |08.05~08.10
116 8407 ED 950.0 |07.24~08.03| 167 9713 WINNIE 920 |08.13~08.25
117 8409 | GERALD | 980.0 |08.15~08.24| 168 9809 YANNI 965 |09.27~09.30
118 8410 | HOLLY | 960.0 |08.17~08.22| 169 9905 NEIL 980 |07.25~07.27
119 8412 JUNE 985.0 [08.30~09.03] 170 9907 OLGA 970 107.30~08.03
120 8505 HAL 965.0 [06.22~06.27| 171 9908 PAUL 985 108.03~08.07
121 8507 JEFF 970.0 [07.25~08.03| 172 9909 RACHEL 992 |08.05~08.11
122 8508 KIT 960.0 [07.31~08.12] 173 9910 SAM 980 |08.21~08.27
123 8509 LEE 975.0 [08.09~08.15| 174 9914 WENDY 996 09.03~09.07
124 8510 | MAMIE | 975.0 |08.14~08.20| 175 9917 ANN 985 109.16~09.19
125 8512 | ODESSA | 955.0 |08.25~09.02| 176 9918 BART 930 ]09.17~09.25
126 8513 PAT 955.0 |08.24~09.01| 177 9920 DAN 955 |10.07~10.12
127 8520 | BRENDA | 955.0 |10.03~10.07| 178 0004 KAI-TAK 960 |07.08~07.10
128 8605 | NANCY | 955.0 |06.23~06.25| 179 0006 | BOLAVEN 980 |07.25~07.31
129 8613 VERA 940.0 |08.23~08.29| 180 0010 BILIS 920 08.21~08.27
130 8616 ABBY 945.0 [09.17~09.22| 181 0012 |PRAPIROON| 965 |08.26~09.01
131 8705 |THELMA | 940.0 |07.13~07.18| 182 0014 SAOMAI 933 109.11~09.16
132 8708 ALEX 970.0 |07.26~08.02| 183 0102 CHEBI 965 106.22~06.25
133 8712 | DINAH | 915.0 |08.27~08.31| 184 0204 NOGURI 975 06.04~06.11
134 8719 KELLY | 955.0 |10.13~10.17| 185 0205 |RAMMASUN| 945 [07.02~07.07]
135 8906 ELLIS 985.0 [06.22~06.25| 186 0208 NAKRI 983 107.07~07.13
136 8911 JUDY 940.0 |07.24~07.28| 187 0209 | FENGSHEN 920 |07.21~07.28
137 8921 VERA 980.0 [09.13~09.18| 188 0215 RUSA 950 08.26~09.01
138 9005 | OFELIA | 970.0 |06.22~06.26| 189 0306 | SOUDELOR 955 |06.17~06.20
139 9007 | ROBYN | 992.0 |07.08~07.13| 190 0314 MAEMI 910 |09.08~09.13
140 9014 ZOLA 960.0 [08.18~08.23| 191 0407 | MINDULLE 965 106.30~07.03
141 9015 ABE 955.0 |08.27~09.03| 192 0410 NAMTHEUN| 945 |07.25~08.01
142 9109 | CAITLIN | 940.0 |07.25~07.30| 193 0415 MECI 970 |08.16~08.20
143 9112 | GLADYS | 965.0 |08.18~08.24| 194 0416 CHABA 910 |08.25~08.31
144 9113 992.0 |08.26~08.31| 195 0418 SONGDA 925 109.01~09.08
145 9117 | KINNA | 955.0 |09.11~09.14| 196 0514 NABI 925 09.02~09.08
146 9119 |MIREILLE| 930.0 |09.24~09.28| 197 0515 KHANUN 945 09.09~09.13
147 9209 | IRVING | 980.0 |07.31~08.05| 198 0601 | CHANCHU 945 |05.17~05.19
148 9210 JANIS 935.0 [08.05~08.09| 199 0603 EWINIAR 950 07.06~07.12
149 9211 KENT 930.0 [08.10~08.19] 200 0610 | WUKONG 980 ]08.12~08.21
150 9216 POLLY | 975.0 |08.27~09.04| 201 0613 |SHANSHAN| 919 [09.12~09.19
151 9219 TED 985 | 09.21~09.25
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AR n=AE AR FA LA (reference ellipsoid)9t 914 A=+ AR S
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NAO Co-tidal data - K1 amplitude(cm)

150
130
10
40
70
50
30
10

110 120 130 140 150 160

NAO Co-tidal data - K1 phase(deg.) GMT reference

150 160
Fig. 6.3.15. x4 % FZ2A14(K1) - NAO
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2afozA AAASR FAHL 7 Bol AHEHI e A B Z2FRARY
4 8 oS z2ado|th I0S 2= x84, 2/, =9dF, =7

S 59 AMEzZREadlew FAEHol Stk 10S 71X+ Doodson(1921),
Godin(1972) 9 ZRFaA AT 712E T2 AeH 694 B2 FAHE 7E
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dolejAlezRE 18 #2E AA3H7] 913 Rayleigh 271 AMEH NS, 69
N BxF B0 ATX2FE, 223 77709 HaEx27t AREAbel i F7}
2 4 . XEF, nodal factor, astronomical argument T AL
Doodson(1921)¢] Z=R/EWAE 7o At o, HEsHzQl MeEES Atst

A= A Ak 9 AR ADIAL 14

7] 98l 271X+ 1976\ 1€

—_

M M

Z(t) = X,(t)+ Y Xcos2mlot—¢,)+ | ¥y (t)+ Y Yicos2m(ojt—0,) (6.3.17)

J=1 j=1

o 7] A,
CX; = Xjcos2ng;, SX; = stin27r¢j, CY,; = Y cos2nb, and SY; = Y;sin27r0j

ek {42 e 2ol e
M M
Z(t) = X,(t)+ Y (CXco82m0t + SX sin2not) +i| Yy (t)+ Y (CYcos2mojt + SV sin2mot)

j=1 Jj=1

(6318

oA Aelehd f&e oo 2

2t)=X,(t)+i Y, (t)+ % f] {[(CX, +8Y,)+i(CY, — SX,) | exp(2mio t) 6319

 i[(CX, = SY)+i(CY, + X)) exp(— 2rio )}

A7 Ex AT jE AAT T T5Y Ao o5 Ao,
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(6.3.20)

. [(CX+SY)2 (OY—SX)T/2
at = : + 5

= [ ( CX—8Y )2 N ( CY+5X ﬂw

2 2
* = arctan —CY_SX)
‘ A et oy
< CX—SY

geb Qele Ezo) g F

rir

e 2ol Yehd & Utk

Z6)=2"t)+2Z (t)=a"explie” +2miot) +a explie —2miot)

i(6+;6) {(a++a)cos[(€+; § )+27rat}+z ((a —a )sin{(6+;€ )4—271'015”

(63.21)

=exp
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9

vzt F3 minel] tigh 24 JEE AAer] 93 B9 24 24 98
BAZASE G & F e AT 24 EEE = NAO0I9D/NAO9jb(Matsumoto
et al. 2000), FES2004(Lyard et al., 2006), TPXO 7.2 (Egbert and Erofeeva, 2010)
EOT08a (Savcenko and Bosch,2008), GOT4.7/00.2/99.2(Ray, 1999, 2008),
ANDERSEN-06, CSR4.0 (Eanes, 1999), FVCOM %°] Uttt 83 RS 73] &
Ashd chgat ek

(1) NAO99b/NAOb : @7 sfF =

1%

24

- 0559 AAF A5 1/12% HA S A 9(110E-165E, 20N-65N) A5

- 1670 BxA8 Al F(M2,52,K1,01,N2,P1,K2,Q1,M1,J1,001,2N2,Mu2,Nu2,1.2,T2)
- Topex/Poseidon ¢]/d A8 (Cycle 9-198)& ©| &3t AT 42553}

- UE A9 TR AGueNE At £9) BEARE ol 87 ARRA A

130
LORGETUCE

[
LONGITUDE

M2 NAOBSb 52 NaDBEjb

e

i 120
LONGTUDE

130
LONGETUDE
K1 NADG8jb 01 NADSEjb

Fig. 6.3.19. NAO99jb Short-tem ocean tide model

_95_



(2) NAO.9IL : &7] 3}

O

z4 24
- AR 24 52d, 778 £F &4 (Mtm, Mf, MSf, Mm, Msm, Ssa, Sa)
- T. Takanezawa(NAO)°l <J3j 7|24

Pure hydrodynamical 22

- 05% 4 Rd(Save 1.0% HFoZ A FHE) : Loading tide model

Radial displacement Global models for the above 23 constituents 0.5 deg.

(3) FES2004

© Novice © Expert’ © OSTIST

HOME NEWS APPLICATIONS MISSIONS ALTIMETRY DORIS NEWSSTAND DATA CALVAL

Contact | Stemap | Glossary | Lexicon | FAQ Enter search word... @ AAa

DATA © Home / Data / Products / Auxiliary products / Global tids -FES2004 & FESS9 &K
Products
¥ Sea surface height products O FES (Finite Element Solution)- Global tide
& Yind Waves products
¥ Auxiliary progucts © FES2004

=155 i

- 4 - Types of dataset: auxiliary products

Bl Contents: heights of tidal constituents on a 1/8°x1/8° grid

¥ MDT-Mediterranean Use: coastal oceanography, operational oceanography. ocean circulation

¥ Global tide -FES2004 & FES99 Description: combined product based on a hydrodynamic model which assimilate tide gauges and altimeter data (Tops

¥ Atmospheric Corrections Poseidon and ERS-2). (More information)

Fig. 6.3.20. FES2004 Web site

FES (Finite Element Solution) 4] Zdo] x4 ® A

!

- 1990t % Christian Le Provostol]l 2J3l A|ZtEAE AR F F98 24
deo] JHd HA

- LEGOS ¢} CLSOlA 70, A= 4 H7He.

- A A= 22t 2R g HFAT f3s

= ¥3h7t Aol Hg

B>
)

ZH(eF 1005170 9] =

1
S

=& L= slA A& A8E AH&sta, S99 S 23
- AxA 294 As9 94 1=A AE(T/P and ERS-2)E  revised
representer &3} 7|¥3 ARg-sto] Rdll & A

S5 BE AREY 2 9)E 1/8°ARgd A Awstn, 28749 te 2
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ZEE specific admittance WHIY 739 ALHS o] &35 HA

- MZ tide loading effects A4} (Olivier Francis)

e i o Lo L bl L > e Laa e T e

OB & M M N 4 S & M B B W) WSS

BT M0 B0 0 150 ERO D Jeb PO MO0 XA

Fig. 6.3.21. M2 co-tidal amplitude, co-tidal phase in FES2004
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(4) TPX0 7.2 :28& 9 tishOSU)S] TOPEX/Poseidon A7 <33

Fig. 6.3.22. TPX0 7.2 web site

- HA: Ay gEgx 24 ¥ 2], 283l TOPEX/Poseidon ¥ Jason 9
e AGAEE wet q¥g IHem Aje AT 24 2d WA

- AAF 71 Fx: Egbert, Bennett, and Foreman [EBF, 1994] ~18]il Egbert
and Erofeeva in [Efficient inverse modeling of barotropic ocean tides |,
Journal of Atmospheric and Oceanic Technology, vol.19,N2, February 2002].

- 8 Ex AEE B4 IFoE ¥d (M2, S2, N2, K2, K1, O1, P1, Q1) 3}
3270 AFEY BEE (MEMm)SF §7 1440x721, 1/4 = 4 =S 2 A7
A% AF
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(6) EOTO08a : Empirical Ocean Tide Model from multi-mission satellite

altimetry

iy 1am 2 Ci om Aom Haim

Dreutsches Geodatisches Forschunsginstitut (DGFI)
Fig. 6.3.23. Example of EOT08a data

5. unstructured grid 29 &3 HAd FFHL X = (FVCOM)

AtolA AE Al Y £yS 93] 7FH AAQ unstrurctured grid Zd
| FEEo] o] =AUt EF3Y 4= ADCIRC 2@ FVCOM Rdo] 11 &
< 3at Edo] ojn] dYPS HIJyZL E FF At 33, A Rd¥y o=

9% 2339 pEe F8349

%]

X

A
T we &8o] 753 FVCOM EES T 59
T}
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Difference between Finite-Difference, Finite-Element and Finite-Volume Methods

(FDM, FEM, FVM)

of

dox

FVM

FEM

FDM

i+l

C * Area

af
dx

dxdy = § fdy

i}

of

C)=0

0x

ﬁswl(

fi+l - fi

of

dx

Ax

Integration

Variation

Difference

Fig. 6.3.24. Comparison of difference b/w finite-difference, finite-element and

finite-volume method (Chen, FVCOM workshop2006)
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}. Cartesian Coordinate®] 7|

(6.3.22)
(6.3.24)
(6.3.25)

(6.3.23)
(6.3.26)
(6.3.27)
(6.3.28)

U gy oE Holgth
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(6.3.29)
(6.3.30)

8q2)+Fq
)+ F

0z
" ¢l
7 9z

(&,

0

oz
o

oz

€)+

w

2(P,+P,—¢)+
El

U, (P, + Py~

oy 0z
0z

¢l +uaq2l+vaq2l +waq2l

ot

ox
oy

ﬁ-l—uﬁ-l—uﬁ—i- wﬁ

ot
ox

3}, W=1+E)*/(xL?

BM
4

(6.3.31)
(6.3.32)

0.2lq

qu;L ) ‘K;[

K;rz = lq‘gm’ Kz
V,= A U ¢

Von Karman ]t}

T

A7) A nE 23S0

(6.3.33)
(6.3.34)
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DA (a_u)2+ (a_v)2+ i(é’_u+ 0_v)2 (6.3.35)

A7 Az, Aye FEEEF AARHeH, ¢, Cy= 02(Oey and Chen,
1992b)2 2 &-3-4T}.
T Uede 3233 vty 39 AAs o243 2o

[Q, (z,y,¢ )], z2={((zy,t) (6.3.36)

aT Aptana g7
9z K, on

, z=—H(z,y) (6.3.37)

AN Q, (x,y,t) S FZo dsEo|th

2 (6.3.28)1 4 A= F

oLL
ng
dot
[
X
4
Q
rr
z
A8
S
aba)
o
=
|4
G
=2
3
flo
4
o
i)
=4

as s(i’— E) .

- Ky sat z=((x,y,t) (6.3.38)
S Ay tana 59 B

g— Th%,at z = H(a;,y) (6339)

ou ov 1 0
K (—,—)=—I1,,7, ) w=—F+u—>+v—>,at z=(lx,y, 34
" 0 82) o, T TSy) w=—_rtu’ Uay at z=((x,y,2) (6.3.40)
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ou  ov 1 oH  oH
- (g, g) = p—U(Tbx,Tby),w =Tu v at z =— H(x,y) (6.3.41)

ANA (7,,,7,)% (1,7,) = CQVE+0" (o) @, y= ESvEY vigvide o
Zolth Mgy G vgdA FE9 Eol 2,0 Y& 2HEH
C = max(kQ/ln(Z )? 00025) (6.3.42)
o 7]14 k=04% von Karman AlF°|il z,& vt9Y A A=E Yehdle W
Foltt, 5% I3 gz (gd FydA 2z
o =0; g By (6.3.43)
' on on
A7V v, & £E, ne ZA A kot
t}. o-coordinate2] A]ujHMA 2
23 utg APl FAFEAE o-coordinateS A&
_ 20 _z2=¢
= e~ D (6.3.44)
A71M o8 AZ(o=-1)0A FH EF(0=0)74A ol
%, 0Du | O, bw (6.3.45)
ot ox oy 80
D ’D D
ol O ST O gD (6.3.46)
ot ox Yy oo
oC_ gD o / O oD, 1 o . du
Dax P [8x(D Upda)—i_apax]—‘_Daa(Kmaa)—i_Dﬂ

- 104 -



oD owD  ov*D o
ey ol VL O D (6.3.47)
at ox oy oo

a¢ gD, o /0 , oD 1 9 ov
=—gD—=>—"2[—(D | pdo’)+op—]+———(K,~—)+DF
ey [8y( o ) opay] Daa( maa) ;

D D D 1 7
WD | WuD | o0vD | 0w _ 1 0 0y ph e (6.3.48)
ot o oy o0  Doo Moo

D D D 1
as n osu n osv " Osw _ _i([(;Lﬁ)—l—DF; (6.3.49)
ot~ ox oy o0 Do oo
o= pl6.5) (6.3.50)

DF ~ 224 g2+ 2[4 m(2 4 20 (6.3.51)
: oxr - ox oy oy ox

Dy~ 24, 1 22+ Lo, Y (6.3.52)
: oxr 0y ox oy ox

DE P FoF) ~ 24, 72+ 2 (4, 72)(0,5,¢, 1) (6.3.53)
0+ s q7 ql 8217 h 8217 ay h 8y 19 9 peon

ou v D o0 D

o0 00~ pE, ) 0=0 5= L g Qo) Sy 0.1)
9 P—E)D

s__sWoBID o g = g (63.54)
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80  os
<—7—): (wa’Tby)7 w=0, —=—=0, qzl:()a q2 :B12/3u72-b

- Large and Pond(1981)
C3 = 0.0012 if |Upl< 11m/s
C5 = 10 °(0.49+4 0.065|U])  if |Uy|= 11m/s
- Smith and Banke(1975)

5= 107°(0.63 + 0.066/ U |)

- Geernaert et al.(1986)

CS = 107 3(0.43+ 0.097]U )
- Charnock(1955)
In (z,8/ (a]Uy*)) = InC§ = #/(C3)°?

o] 7] 4, reference height z, =10m, a=0.014(Charnock “3<7)

- Wu(1980)

C5 = 10 ?(0.8+ 0.065[U )
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(6.3.55)

AL uhge)l 7o) 93 s ulg 3-(wind stress)

(6.3.57)

(6.3.58)

(6.3.59)

(6.3.60)

(6.3.61)



1.2kg/m3 o|t}. 7)ol AAE sl el F&ol WE 9 Ale BEXE vlust
o] Fig. 6.3.25°] e AT}

FVCOM E 9o X C§+= Large and Pond(1981)7} #I¢H3 4]S 23} o] =43}
o] AR&3FATE

Cp = 0.0012 if |Upl<11m/s (6.3.62)
CS = 107 7(0.494 0.065|U|)  if |Uyl=11m/s

C5 = 10 ?(0.49+ 0.065%25)  if |U,|> 25m/s

surface drag formulations
0.0030[ ~ T T T T T T T

N\
|l

I AT

0.0025

\
W

0.0020

\‘\\\Il\l\\l\ll\
\

(S 0.0015

G.0010

0.0005 |
i

c.eoOo0 L

0 5 10 15 20
Windspeed U, (m/s)

Y]
th

Fig. 6.3.25. Comparison of wind stress coefficient equation, Large and Pond
(dots), Smith and Banke (dashes), Geernaert et al. (dash-dots),
Charnock (dash and 3 dots)

2}. unstructured grids
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[(XG), Y6, i=1:N (6.3.63)
X, (), Y, G, j=1:M (6.3.64)

A .: HCaD73707q27q2l7Am’[(h

X u,v

Fig. 6.3.26. Triangular grid in FVCOM

vt Wet/Dry
=2 wet/dry= otgf9] 45 7IELoE AHIT
wet, if D=H+C+hy>D. . (6.3.65)
dry 1f D=H+(t+hy <D,

A eI 2 wet/drye] FHE7)E0] HEHT)

wet, if D:min(hB_Z,hB_j,h -)+max(¢;,
dry if Dzmin(th,hB_j,h

up 2de) 77
7N SEHE Zdde 24, v, heat flux, FF, S8, 3H F= A

ol gHe g Sojit

Y

X E+ Cartesian % Spherical 37} 25 o] &=}

o] Rd2 MPI & Algo] 7leste Hust Bd AMAILS 8802 A1 8T
F Ad= AHol Jtt. Rd A= netedf F binaryZ2 EHHEY. FUF REZE 23
o Aol F8% 3D wet/dry7t 031, 3D EAH =, E, ¥4, Y4452, Nudging
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2 OI data assimilation®] 7}&3t™ ZH ol unstructred ZAAH S SWANeo| A&
Ho R g ate]l AAVE 7hsskA H A

AL 2yl A9t ok ZEY nd ¢
FVCOM Rd$ o] g3l stute Aol s At FA AR ¢F 1 km, oF
300m 23 oF 70m Z 37149 g2 A gk &3 48 YA

THE 299 7 Axe A3 Ao = U= Table 63.20] YEH uie} 2o

™ Fig. 6.3.27~297} 2T},

Table 6.3.2. Number of node and element

1km A=A} 300m 4 A} 70m A=A}
A3 4 (node) 130439 7H 240517 7§ 278661 7
4 %(element) 254138 7} 455906 7l 5117907}

Fig. 6.3.27. Grid
(min. distance: 1km)
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Fig. 6.3.28. Grid
(min. distance: 300m)

Fig. 6.3.29. Gird (min. distance: 70m)
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6. ZA 87 B3l 3 sjdx HE
Fig. 6.3.30°1= 1951d%E 2007d7tA] 13670 ElS<] °l% ZAEZE Uetyddoh

THAFEANE S 12 B 1A B85 ARES ARESH, d4be] HE Iz sdx
£ =Sk Fig 63312 °]83 HE T34 #52 A5 349 50 cm 9]
ol ALAE 7153 AFE ekl Aot Hx o] AE AvEY HIEA #F
H dxa #5487 7P g%ey (116 ), 50cm °l/de] dis #53 A

i o) olstg U TS HE A HAzaAR /7
& asteiof 8] wol dEs] Wl 2 sdie] WS YEAE ¥
o &ARE o] a™S Fate] BEol ol 50 em o] o] sida HAS gt
of Bol YehdS & 4 Uth Fig 6331 717 #ZAolA 7|5d Hols|dx

Sk o] AI719] HFH e dEHdY. 352 A sidae HE vie) WA vkt
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Latitude (°N)

Longitude (°E)

Fig. 6.3.30. Typhoon tracks from 1951

to 2007
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3 1(8).Y "O7(66) e 33 . " .
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Fig. 6.3.31. Statistics of surge height at Tide observation station

ol o} 7ol 87)2] EjE(Table 6.3.3)2 AA3te] FVCOMS ol&
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Table 6.3.3. 8 Typhoons information

No. ]13’51?1%2? Typhoon Name Ml;;:;:iegggr al Period Remark
1 5914 SARAH 905 1959. 09.14 - 09.18

2 7207 RITA 955 1972. 07.14 - 07.27

3 8613 VERA 925 1986. 08.17 - 08.30

4 8712 DINAH 915 1987. 08.27 - 09.01

5 9713 WINNIE 920 1997. 08.13 - 08.25

6 0012 PRAPIROON 965 2000. 08.26 - 09.01

7 0209 FENGSHEN 920 2002. 07.13 - 07.28

8 0314 MAEMI 910 2003. 09.08 - 09.13

B3 gt RES o] &3 VIt vt 71 dE¥e® shglal, x4
3 A AA 2712 NAOWjDLL 167) BEXS o] &3t F 2d =% A4
2t 71 TIME STEPS 10 sec & ALtstom™, =4 A4 Al 3d43F 9= 3k
Z, A AFE A2 AAS AQstue RE 20 YA 2AHsS £3
dE FPsAh

870 BFol theh AL A= Table 6.3.40 THeFatAl A AstATh

=
[e=]
=

(LA

_llN'
iy,
A<
)
r
e
ol
rr
N

T mdo Wi Hr 2 AS AdS "HI vvE SHHL
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Table 6.3.4. Results of typhoon simulation from FVCOM

#=33 5914 7207 8613 8712 9713 0012 0209 0314
o) 4 = 51 - 57.0 404 - 110.0 24.0 17.0
gl FVCOM 438 - 57.6 27.1 - 143.7 245 4134
Z 4 = - - 440 31.0 - 68.0 23.0 41.0
1 FvcoMm - - 77.7 30.3 - 63.1 24.6 452
= 4 = - 67 - 37.0 28.0 59.0 29.0 36.0
X | FVCOM - 54.5 - 34.6 20.7 37.7 215 40.9
= = - - 61.0 55.0 15.0 19.0 12.0 161.0
2 FVCOM - - 35.9 64.3 8.6 17.9 11.7 171.8
B T = - 47 51.0 50.0 12.0 37.0 28.0 44.0
| FVCOM - 439 34.6 47.3 10.1 26.3 18.1 67.9
n} a = - - - - - - - 212.0
2k FVCOM - - - - - - - 211.9
n 4 = - - 49.0 73.0 9.0 12.0 14.0 83.0
2| FVCOM - - 248 88.9 8.1 13.6 10.0 127.2
3 * = - - 36.0 61.0 8.0 8.0 16.0 52.0
3|  FVCOM - - 185 54.4 5.6 10.8 8.9 73.3
3 4 = - - - 35.0 22 - 111 -
% | FVCOM - - - 31.2 55 - 9.14 -
e 7 = - - 63.0 16.0 17.0 25.0 8.0 32.0
% | FVCOM - - 326 13.0 6.4 15.4 9.9 239
9 + = 51 25 430 63.0 8.0 10.0 10.0 63.0
2| FvcoMm - 14.9 21.1 60.1 7.4 12.0 9.5 68.0
= + = - 16 50.0 19.0 15.0 17.0 4.0 39.0
< |  FVCOM - 13.1 248 182 5.4 13.2 5.0 39.3
74} a4 = - 40.0 53.0 10.0 15.0 12.0 55.0
; FVCOM - - 28.6 80.7 7.1 14.7 99 79.0
zj + = - - 54.0 45.0 15.0 20.0 22.0 89.0
E FVCOM - - 349 54.4 838 18.8 18.7 111.9
o} 4 = - - 94.0 20.0 15.0 39.0 25.0 56.0
= |  FVCOM - - 82.7 472 12.8 39.2 325 774
5 + = - 54.0 25.0 16.0 - 36.0 41.0
;}_ FVCOM - 434 40.7 10.5 - 19.6 51.0
A 4 = - 64.0 44.0 12.0 32.0 33.0 48.0
j;_ FVCOM - 37.0 459 9.1 23.9 253 67.2
o 4 = - 52.0 21.0 13.0 - - 16.0
i FVCOM - 52.5 328 10.8 - - 18.0
2 ® = - 42.0 25.0 34.0 - - -
= |  FVCOM - 447 32.8 15.0 - - -

AN

2003 o]H 1 A7 A8
20034 o]F 1 # A=

iy

- 114 -



o] WE dz=o= Fulj
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Fig. 6.3.33. Comparison of typhoon Maemi’s surge height b/w
observation and prediction
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Table 6.3.9. Surge height of major 10 typhoons at Busan, Masan, Yeosu

o9 | HE¥E s HeHs o< HEHS Ak
1 5707 252.3 0314 143.7 0314 128.1
2 0314 246.6 0215 141.8 5914 95.9
3 0014 215.3 8705 115.4 8712 80.0
4 9503 154.8 9429 111.5 5707 63.5
5 8705 1534 9503 109.6 0014 61.2
6 0215 132.2 6304 94.4 0415 56.8
7 6304 124.2 9809 88.0 8705 51.5
8 9429 114.1 5707 80.5 5612 44.0
9 5914 112.8 8613 75.7 9429 43.7

10 6104 92.7 5914 74.0 6304 40.0
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Fig. 6.3.39. Maximum surge height of Typhoon Maemi
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Table 6.3.10. Maximum surge height (FVCOM)

CUMULATIVE PROBABILITY SCALE

Fig. 6.3.40. Extreme frequency maximum surge height
by statistical analysis
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Yeosu
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Fig. 6.3.42. Maximum inundation range from numerical model
: Masan, Yeosu, Busan
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Table 6.3.11. Variation constants of mean sea level at 14 tidal stations

HAEA 71&7] A4
£z 0.224691 -7.0778
55 0.073375 -1.9901
=5 0.200390 -6.5898
¥3 0.372858 -11.7055
24k 0.043694 -1.1972
FAt 0.216185 -7.7630
59 0.218555 -7.1395
A 0.521982 -13.3602

= 0.585128 -20.7720
A9 0.585893 -21.5183
7H4 0.238229 -7.8997
Adx 0.202237 -7.1963

T 0.147183 -3.8494
Ak 0.175554 -4.3163
g 0.324132 -11.6148

o) S 4F 0.074128 -2.3227
2 0.767269 -19.5836
A 0.062778 -1.5653
B 0.777097 -28.5972

T4k g 0.166877 -5.8324
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Table 6312011 = 2} Ax4W d B dF S7H83 2 fd9d B
S7heS BoFEd. feuet g d #Hasiwe #BdE SUkee Feivt
22mm/year, &3l 3.2mm/year, A3l= 3.7mm/yearc] Hw HAAHTL
3.1mm/year® YEIET. el T AF, M, ALE7F woF, AFHdez Eest

A AFNY HFS 0564cm/year O 2 7HE =A UERdT

Table 6.3.12. Yearly mean increasement rate of mean sea level

=5 o Aza W HadHey F7HE
(cm/year)
2=%(SC) 0.225
55 (MH) 0.073
. %%(UR) 0.200
X HPH) 0.373
< 4HUS) 0.044
¥ oo 0.183
F2HC)) 0.216
E94(TY) 0.219
A0 0.522
A& (KM) 0.585
o) 7] (SG) 0.586
G 719 (KD) 0.238
2l & (WD) 0.202
o (YS) 0.147
FAHPS) 0.176
¥ 0.321
oF& (AH) 0.324
o) S-4HDH) 0.074
X (MP) 0.767
Pk 217 (IC) 0.063
1 2 (BR) 0.777
T 4Fe1 H(KO) 0.167
¥ o 0.362
B2 AA e Ty 0.299
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Fig. 6.3.47. Sea-level variation of each
stations in Japan from 30 years
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Table 6.3.13. Expectation of increasement of sea level owing to global warming
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Table 7.1.2. Comparison of inundation estimation at Japan and USA
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Table 7.3.2. Roughness coefficient based on land use

EX]o] & ZEA ST EXxo] & 25 A 4
FE ] 0.04~0.08 2l %] 0.03
s3AS 0.04 =7} 0.025
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Table 8.1.1. Classification of Hazard map purpose
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Fig. 8.1.3. Damages of Typhoon RUSA(0215)

Table 8.1.2. Classification of H

azard map by using purpose
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Fig. 10.1.1. Damage of Mahori coast
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Fig. 10.1.5. Damage of Typhoon at Urayasu, Japan
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Fig. 10.1.8. Nagoya heightened breakwater
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Fig. 10.1.10 Installation of Flare shore protection structure of Oita, Japan
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Fig. 10.1.11. Profile of Flare(Hybrid-type)
Shore Protection
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Fig. 10.1.14. Plane and Profile of Beppu

Mochigahama coast maintenance plan
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Fig. 10.1.20. Inner side of Sluice gate
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Fig. 10.1.21. Sluice gate and Control room at Yodogawa, Japan
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Fig. 10.1.22. Fishery harbor and Harbor view of Matsui, Japan
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Fig. 10.1.27. Texas Shore Protection Road and Behind the site
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Fig. 10.1.28. Afsluit-dijk of Netherlands
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(Eastern Scheldt Dam) (Haringvliet Dam)

Fig. 10.1.31. Seawall and Sea Dike at Netehrland

4. I

(1) Thames Barrier(9=, 4it)

ok
o
oX
Lo,
r (o]
o,
&
)
fo
¥
52
lo
2
2
o
2
it
inSs
kg
H
-

s do] stk 300
£ A7IZ Waverly 919385 A9

o]FoiA 1 o 4 FTHAGR] WY RHEE {3t BE EAE HESY
AAE AA Thames Barrier®] AA& FX3t3At) oF 61m(200ft) Fo Fo F&
719} oF 30m(100ft)Z o] AR % 27]2
15m oo AX "t =3 HAA o= FA

A £F 47)(E o 30m)7h AAHAT. 50099 Ago] ZEAA 2443 B
3

- 199 -



Fig. 10.1.32. Thames barrier at England
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Fig. 10.1.33. Target Area of Venice Flood
Barrier Project
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Fig. 10.1.34. Sluice gate of Venice
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FAVOR (Fractional Area/

o]
Volume Obstacle Representation Method)”71¥ < AMg-3tth. FAVOR 7|2 2&

Ao WA A AHo FHF 542 Porosity Functiono] EZ3Eo] Qi ALHA A}
Well EAst= AeE FAE o83 T4 Fe Tl FESH] WEd AFrEds

Axbsle FEAol e AdARe] 5 o AAHA AMATS dFAE

o A& 2] (Continuity Equation)

Yo An ARAE ALY el B 7

Fol Am HEAE AEHAE FEE AER F2E A2

o
S 73T F ok 33 AE WAL o5 o] 7+ (Flow Science, 1993).
0 0
V%+%(WAI)+—?J(WAZJ)+£(WAZ):RD]F+RSOR

714, Ve A A3t e AFS greH, pe= FAY 9%, RDIF=

&7 &4F8} (Turbulent Diffusion Term), RSOR+= & &4 A @(Mass Source Term)%

L e

C S Ul R £ AT Bag 9o
5

& WA 2 (Momentum Equation)
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Fig. 10.2.7. Area of 3D inundation simulation
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Fig. 10.2.8. Tidal observation and prediction at typhoon
MAEMI (2003)
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Fig. 10.2.9. Hazard map of Masan (2004)
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Fig. 10.2.11. Experimental result 1 of linearly inundation defence
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Time Frame : 1019.996643

Time Frame : 1020 000000

(@) 1m barrier (b) 1.7m barrier (partial)

Fig. 10.2.12. Experimental result 2 of linearly inundation defence
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Fig. 10.2.13. Experimental result 1 of area inundation defence
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Fig. 10.2.16. Experimental result 1 of Prescription hill
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Fig. 10.2.18. Experimental result 1 of inundation (wide area)
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Fig. 10.2.19. Experimental result 2 of inundation (wide area)
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Fig. 10.2.20. Experimental result 3 of inundation (wide area)
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Fig. 10.2.22. Experimental result 5 of inundation (wide area)

- 218 -



Blevation o) N 1

0 1 2 3 4 5 6

Fig. 10.2.23. Experimental result 6 of inundation (wide area)

Time Frame: 39.752468 velocity magnitude

Time Frame: 0.000000 velocity magnitude
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Fig. 10.2.24. Experiment of whole area of Masan (1)
Time Frame: 90.121017 velocity magnitude Time Frame: 179.985901 velocity magnituds
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. { i
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Fig. 10.2.25. Experiment of whole area of Masan (2)
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Fig. 10.2.26. Experiment of whole area of Masan (3)

Fig. 10.2.27. Experiment of whole area of Masan (4)

Fig. 10.2.28. Experiment of whole area of Masan (5)
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Fig. 10.2.29. Experiment of whole area of Masan (6)

Fig. 10.2.31. Experiment of whole area of Masan (fine grid-1)
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Fig. 10.2.34. Experiment of whole area of Masan (fine grid-4)
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Fig. 10.2.36. Experiment of whole area of Masan (fine grid-6)

Fig. 10.2.37. Experiment of whole area of Masan (fine grid, west harbor and north side-1)
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Fig. 10.240. Experiment of whole area of Masan (fine grid, west harbor and north side-4)
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Fig. 10.2.43. Experiment of whole area of Masan (fine grid, west harbor and north side-7)
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Fig. 10.2.46. Experiment of whole area of Masan (fine grid, west harbor and north side-10)
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Fig. 10.248. Experiment of whole area of Masan (fine grid, west harbor and north side-12)
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Fig. 10.2.49. Disaster planning area of Masan
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Fig. 10.2.50. Section in the construction and planning at Masan’s A area
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Fig. 10.2.51. Section in the construction and planning at Masan’s B area
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Fig. 10.2.57. Tsumani disaster prevention (linear defense)

Fig. 10.2.58. Automatic standable prevention
barrier

Fig. 10.2.59. Inundation simulation of wide area
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Fig. 10.2.60. Simulation of floating flap barrier
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Fig. 10.2.61. Location of storm-surge prevention facility in Masan
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Fig. 10.2.64. Area C(left) - water gate at estuary, Area E(right) - floating flap
barrier
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