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Table 1 IR LD F 72 m i 5855 (MBIIT (2010) D45 2B TF)
Major storm surge disasters after Showa era

INIbEE

FHHE  EetEE wE B

Y

A 4xi s ez

1927.9.13 A 373 2,022
1934.9.21 KB 2,702 181
1942. 8.27 JEIB i 891 14,994
1945.9.17 UM ES 2,076 1,438
1950.9. 3 KB 393 2,329
1951.10.14  JuIHEEB 572 26,062
1959.9.27 v 4,697 2,644
1961.9.16 KB 185 38,921
1970. 8.21 R 12 352
1985. 8.30 Ui 3 16
1999.9.24 AN w2 12 10
2004. 8.30 T P 3 22

66 1,420 791
334 38,771 49,275
267 33283 66,486 2,605

1,046 58432 55,006 2,546 FLIGT5
141 17,062 101,792 2,060 ¥ r— i/
371 21,527 47,948 1,178 IV — AHE
401 38,921 113,052 4,703 B S

4277 EHE

15 13292 40,954 536 HE2EFEG
15 811 3,628 40 HAE 105
0 0 589 - HAEI13E
0 52 99 - HE 18
0 2 9 - HAE 16T
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Fig.l HARIZBIT 5 HROEE S FEROHER
Number of typhoons approached and attacked to Japan
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~T ! o o

(b)ESH & & b WA L 72 L B5 AR L 7K T

Fig.2 H5J/E 9918 5 \ZHE ) Wil THESE L 72 b KL
Farmlands damaged by storm surge due to the typhoon 9918

Scale:m

Fig.3 MAHIX ORI
Inundation depth in Matsuai district
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q -

‘ﬁ%}% ‘

Figd4 BJH 99187 & 91195 DFERE
Track of the typhoon 9918 and 9119
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Table 3 5/ 9918 5 =Wl OFIETHICH W /28T 2 — & —§

List of parameters used in the simulation of the storm
surge caused by typhoon 9918

Table 2 &4AIS 0 51444 T- 7T f
able PHIE Al 7
Grid size in each zone IRF I DIE T (At) 4s
- AT ENRTERREL (An) 100 m%/s
wEES R ferHRE <= v 7 DR (n) 0.025
(x)) (m) AL 451m
1 74 x 75 16,200 T JRE D ¥ |- A~ DR IEAREL (C) 0.7
2 81 x 81 5,400 BRI O ERAORIERE (Co) 0.7
3 57 x 93 1,800 G JA oD A 1 3 5 30°
4 132 x 246 600 KB L (pu) 1.026x10° kg/m®
5 96 x 135 200 REEE (pa) 1.22 kg/m®
6 255 x 438 200 L (g) 9.81 m/s”
7 81 x 96 200 JERE IR R DAL 33° 30
JAE ST 1 DR T 130° 55°
TR 90 m
IR AR I m
SEIN, GHEFT S YD fif) 10 m

2 Z°C, Uy g FJROJEGHE (m/s), Cy <A a0 i _F
~OWIERE, TH b,
e ZOME

= S 2 D = -3 ) - B @ = K 4 B
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f WA

AETIE, X))~ Q)DIEEFEX L PLETIZLD
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A Y 2 T O FEE R % 0 mis ICFRTE L 72e T2
B, BHOBMFEAECBNT, KIZL 2 2T Lo
5 & (wave set-up) BB T AL E0H 5, LarL, K
fENTTIE, BN R OB RSB EOWHETH L Z &
% ZE L Cwave set-up |12 X DRV FIIFE L o 72
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Table 4 £ 7 )L & JH 2 DIERK

Specification of the model typhoon 2

E7IVARER
, » A B e HERE | RERE | b DU | GUETREE | BB AT

28421675 (] B i 2 &) ° ° hPa hPa Km Km/h

A OB e | fepE |EfT sl 8 | 26 [ 18:00[131.2 | 27.1 1013 0 43 20.2

© ° Km/h 27 | 0:00 [130.5 | 28.0 920 93 43 30.2

8 | 27 [ 3:00 [130.5 [ 288 | 31.7 3:00 [130.5 | 28.8 910 103 43 31.7

4:00 [130.4 [ 29.1 | 340 4:00 [ 130.4 | 29.1 910 103 43 34.0

5:00 [130.3 [ 29.4 | 316 5:00 [130.3 | 29.4 910 103 43 31.6

8451675 (KLl 38 6:00 |130.1 | 29.6 | 57.7 6:00 | 130.1 | 29.6 910 103 43 57.7

Hon Eu LS [SUE R EE| R 7:00 |130.3 | 30.1 | 483 7:00 |130.3 | 30.1 910 103 43 48.3

hPa hPa Km 8:00 [130.3 [ 30.6 [ 155 8:00 [130.3 | 30.6 910 103 43 15.5

9 [17]600] 910 103 43 9:00 [130.2 [ 30.7 [ 149 9:00 [130.2 | 30.7 910 103 43 14.9

7:00 | 912 101 43 10:00]130.2 | 30.8 | 19.1 10:00 ] 130.2 | 30.8 912 101 43 19.1

8:00 | 914 99 43 11:00]130.1 | 312 | 25.6 11:00 [ 130.1 | 31.0 914 99 43 25.6

9:00 | 916 97 43 12:00]130.0 | 312 | 2538 12:00 [ 130.0 | 31.2 916 97 43 25.8

10:00| 918 95 43 13:00[129.8 [ 314 | 37.1 13:00 [ 129.8 | 314 918 95 43 37.1

11:00| 920 93 43 14:00(129.9 [ 31.7 | 483 14:00 [ 129.9 | 31.7 920 93 43 483

12:00] 922 91 43 15:00] 130.0 | 32.1 [ 38.8 15:00 | 130.0 | 32.1 922 91 43 38.8

13:00| 924 89 43 16:00]130.0 | 325 [ 353 16:00 | 130.0 | 32.5 924 89 43 35.3

14:00 | 926 87 43 17:00| 130.0 | 32.8 [ 314 17:00| 130.0 | 32.8 926 87 43 314

15:00 [ 929 84 43 18:00] 130.0 | 33.1 [ 31.6 18:00 | 130.0 | 33.1 929 84 43 31.6

16:00 | 931 82 43 19:00] 130.0 | 33.4 [ 43.0 19:00 | 130.0 | 33.4 931 82 43 43.0

17:00 | 933 80 43 20:00]130.2 | 337 [ 51.0 20:00|130.2 | 33.7 933 80 43 51.0

18:00 | 935 78 43 21:00] 1304 | 342 [ 53.8 21:00] 1304 | 342 935 78 43 53.8

19:00 | 937 76 43 22:00]130.7 | 346 [ 51.6 22:00]130.7 | 34.6 937 76 43 51.6

20:00 | 939 74 43 23:00]130.9 | 350 [ 553 23:00] 130.9 | 35.0 939 74 43 55.3

21:00 | 941 72 43 28 | 0:00 [131.2 354 | 606 28 | 0:00 [131.2 ] 354 941 72 43 60.6
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Maximum anomaly rise due to storm surge
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Distribution of change of anomaly rise due to the change of strength of typhoon
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List of parameters used in the flood simulation
of model farmland
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Example of discontinuous shoreline boundary
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Rule of boundary node exchange (boundary node type 2-0)
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Table 10 3z 7L s 7ML — v (RFREIA Y 1 7'2-2)
Rule of boundary node exchange (boundary node type 2-2)
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Table 11 Bz FLHi D Zci#)L — v (B ET £ 8 A 771-0)
Rule of boundary node exchange (boundary node type 1-0)
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Rule of boundary node exchange (boundary node type 1-1)
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Table 13 5% i 1 OSSOV — b (BFH L5 4 7 1-2)
Rule of boundary node exchange (boundary node type 1-2)
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Cross section and finite element mesh of slope
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Analysis area and finite element mesh of wave run-up simulation

Table 15 % 0¥ FEAT ORI 4 —E

List of parameters using in wave run-up simulation

WIKEE R RIS ORI RO dRIE wiDKEE A R
d(m) T(s)  (m) d(m) T(s)  (m) d(m) T(s)  (m)
0.25 100 0.070 0.30 240 0.060 0.35 110 0.096
0.25 120 0.060 0.30 320 0.053 0.35 120 0.070
0.25 90 0.059 0.30 80 0.075 0.35 160 0.090
0.25 120 0.060 0.30 120 0.103 0.35 130 0.063
0.25 160 0.079 0.30 150 0.100 0.35 160 0.076
0.25 120 0.057 0.30 140 0.090 0.35 240 0.090
0.25 160 0.070 0.30 150 0.087 0.35 240 0.060
0.25 200 0.075 0.30 160 0.090 0.35 160 0.047
0.25 140 0.051 0.30 120 0.067 0.35 300 0.098
0.25 320 0.088 0.30 150 0.070
0.25 230 0.081 0.30 120 0.056
0.25 240 0.057 0.30 320 0.082
0.25 300 0.098 0.30 240 0.060
0.25 360 0.058 0.30 360 0.087
0.25 280 0.115 0.30 240 0.085
0.25 240 0.090 0.30 240 0.071
0.25 240 0.086 0.30 220 0.060
0.25 240 0.087 0.30 320 0.086
0.25 320 0.093 0.30 320 0.070

0.30 240 0.093
0.30 360 0.086
0.30 240 0.087
0.30 360 0.056

— 2122w, Okamoto et al.(1992) DFEATHER & & 312
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Z(m), ¢:FER (s), ¢ ALIEIE A= (m¥m), g:TEJINE
BE (m/s?), f: Coriolis#%%L (1/s), puw: BKDEEE (kg/m?),
Thb, T2, 1. 1pld, TNEN, AB L OKHEIZ
LBBBHETHY, M ERZFIEHNERT, &b,
Fo, F3MEETTH D, KRB AR A), D 221855
fizHE LT, A (58), (59)& L7

1[0 ou 0 v  Ou
E=p {% (””’%) "oy {DAh (% - a—y) H

(58)

1[0 ou Ov 0 ov
F= 5 (o (P4 (5 + 35) ) + o (20
(59)

3 (60) TH S AL L K TIHERTEAREL Ay 1E, Smagorinsky
12X D REERIC X0 - L 72,

ou\? 1 /0v ou\® ov\
A= CMW (&) +3(m+5) ~ (%)
(60)

ZIT, CIIRBMICG 2 5NDERTH D, T72, Ax,
Ayld, Zheh, Z5%Tox, yHETHYH, =AF
EEOE A% VT Axdy =2A% L7z,
c BESTEE
B L OER RO FRERTEX 2 X (61) ~
(63) 127" F

M(; = — (NyDu + Ny Dv — M) (61)
MPi = — (Px(u,u) +Py(v,u) — MPv + gQx( — Rx — Sx) (62)

M0 = — (Px(u,v) + Py (v,0) + fMPu+ gQy¢ — Ry — Sy) (63)

ZZT, KFUE, FEEOFREZR RN LR L THS
NAHREATHITH Y, X(64) ~ (78) TEHEI N5,

83 13 13 45
A 13 83 13 45

b __ * _ =

- _/Q(I)aq)ﬁdg_gzlo 13 13 83 45| ©
45 45 45 243
o

Pulovd) = [ 21055 2d0%000,
N 380, 196 —19b; 2707\ [é:
o | 196, 38by 190, 27b o
= (’ﬁbeJ“%A “19b, 100, 38bs 27b§D [él
27b1 27b2 27[)3 0 ¢b

(65)
22T,

P = byb1 + batha + baih
P = hy + g + 93 — 3y

' 0P
Py(o.) = [ #1057 d0w,

w . 38C] —1963 —1902 270] (,f)]
v 1 =19¢3 38 —19¢; 27 b
= (”’ M w60 2 —192 —19(21 380;(;l 2721) {Zi}
27¢1 2es 2Tz 0 b
(66)
Z 2T,
Y = 11 + catha + c3¢3
PV = by + g + b3 — 3y
T11b,  11by 11037
A (116, 116, 1103
—— 7
Q=5 |16, 116, 1105 7

18b, 18b, 18bs]

(116, 11by 11037
A |11b; 11by 11by

60 |116, 11b, 11bg (68)
18b;  18b, 18]

Qx:

B, HREHRTEN(62)B & 0N63) 12817 A RiME
R BLURy L, Zneh, K(69) LK (70)THESND,

Rx =2 (Rlx + R2x) + Rlxy + Rny + Rly + R2y (69)
Ry = Rlxy + R2xy —+ R1X =+ R2X + 2 (Rly + R2y) (70)

ZZT, BREATINE, UToLBY) TH L,

o0D* 0P
Rix =— 25— AN
1x ) ax B 8.75 Vﬂ¢’)’
. 1 by
31/ 1 l/sum b
——A b o 2
¢ 20 |1 3 |bs
-3 0
1 by
_’_d)dev gl/bb 1 3_Vb b2
70 |1 20 |bs
-3 0

(7D
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Z 2T,
b= bivy + bavs + bsvs
VU = s g
Vbb =1 (Qb% - 3b2b3) +

vo(2b2 — 3b3by) + v3(202 — 3b1by)

v, 0P
sz:/(b \IJ g 4 ndQSﬁD’yﬂsn

(99: or
2 S1
sum 2 1 S
—Apv gt | 2 2
B0 [2| T 12 [ss
9 0
, 19 by
dev 3_ 19 ssum by
- 560 |19 T 20 [bs
27 0
(72)
Z 2T,
D’ =b,D; +byDy + b3D3
st —b1—+b2—+b3
D3
sum __ 1 e E
o D1 * D2 D3
oor 09,
]:_{,1),:—/Q a \I’ﬁ 8 (]_Ql/gqﬁ,Y
1 1
SVC 1 Vsum o
:—A &
N2 1] T3 e
-3 0
1 (4]
9 | 1 3v° |¢
dev 2
2 70 |1 20 |cs
-3 0
(73)

ZZ T,
V¢ = vy + cavn + c313
C

v = 11 (2¢2 — 3cacs) +

v2(2¢2 — 3czcy) + v3(2¢2 — 3ci1co)

ov., 0P
Rzy:/@*\pg oy a”dQ 5D,
2 S1
SSUIII 2 1 82
:ADC C —
4 60 |2 +12 53
9 0
19 C1
dev ic 19 s C2
t¢ 560 |19 + 20 |c¢3
27 0

(74)

8515 (2012)

Z 2T,

D¢ =c¢; Dy + caDy + c3Ds

2% 0D
Rlxy:_/ R W T S

o Oy ° oz
1 C1
30° 1 psum e
= Al 2
| %0 | 1 3 |cs
-3 0
b & b L
31/ C 91/ ¢ 1
dev e 2
TN 20 |es| T a0 | 1
0 -3
(75)
ZZT,
V¢ =iy + covg + c3i3
551/bc = I/1(b161 + 3bycy + 3b3b3) +
V2(3b101 + bQCQ + 3b3b3) +
1% (3b101 + 3b262 + b3b3)
v, 0P
szy = /S;(I);\I/ 882_/ 88 ndQSﬁnyngT,
2 S1
sum 2 1 s
— ADC b S - 2
|60 |2 T 1z |ss
9 0
, 19 by
dev 8_ 19 Cin b2
O 560 |19 T 20 [bs
27 0
(76)
Z 2T,

D¢ = ClDl + C2D2 + Cng

Sx:/ wawawydQugT,
Q

(f5 4 for) (W™ 4+ ur) + fi +u1 fin
(M fo2) (w0 4 ug) + fy' + ua fro
60 | (fp"" + fo3)(u 5umg‘ua)+fél+uafb3

v ' 1 d 2fb1 + f:aum
- gl + 2ubumfgum 1 ev 2fb fbum
140 1| 280 |2fes + f™"

_3 9fbum

"
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Syz/ Wi wawdQugT,y
Q

( §“m+fb1)(vf“m+v1)+fg’-l-vlfbl
LT fo2)(0™ o)+ fy +va fr2
60 | (fp"™ + fo3) (V"™ +v3) + fy +v3 fo3

0

v sum fsum ! dev 2fb1 H fsuz
Sy F 20ty L u™ 12fpe+ f"
1

140 © 280 [2fes + f'
3 o foin
(78)

ZZT

8™ = for + foo + fos

i = w1 for +uafoo + us fos

Iy =v1for +v2fro +v3fp3
Thhbo

K (61) ~ (63) 1T BT, HREATHI M, MPIZE=AT
B EMHEN, SROLDOEEITH % K R Hrpqb
L7 E BT 2 VB & & THATHI O FHE AT AL
), FEHEEON EFH SN L, & 512, Kawahara et
al.(1982) DE TNV TIE, FHBH1HOEEITH % £ E
HATH LA L2RAERITAIE LTwh, T
L0, HEMNOERLIZEOA IS LD N TR % )
WL, FHEORENEX > TWDH, AWFIETIE, BT
ML, 2K EORGF R FASIE 7R & 0 #Eft %
T, £ AW THEOE#R(LE K- 72 72
2L, EHEfTHOEFLICL D882 LR T5720,
<IVFIRA T )V T X 2 (Donea et al., 1984) ZEA L, 3
mIRAEEEE L7z

Scale: km
0 10
—_—

B A
Fig.64 A WIHE LR 155 o fAT SE 15k

Analysis area of the Ariake sea tidal current simulation

Elevation (T.P.m)
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B, KETIT- BT, TEBOTH - &kt
BT o0EDN DL, AREREIC L LB R O
W20, BERBIOKBERHEL, B RO S
75 (Kawahara and Umetsu, 1986) D 137>, 7)1l 5 (2003)
? X 912 Time Splitting % % H > TKEH 2 B8 5 7
EDd Db, KETIE, SIBBBEROBEA L WO
HHMAMRT L2 L2 HME L TnD 2 s, B
EROWE T EOFE L WHEHZ oW T, miE T v
ZkE L7

3  HEmEIRE
a MIFEE S LUEH

TENTB) & L CAH MO MF O TG 21T 720 fRIT
I, BMOKER, RFERE, EIsGEEB LU
B AS2003 4R 12 FESE L 72, E LA EERNEER
B BRBE AR AT (AR EEA 5, 2003) 1281 % €7V (UL
T, TEFAZETFNV] &) oIz, A W4
B LR SHRG SRR OFRR ST ETE Lz,
FEATHEIN % Fig.64 | J/R 3o MENTHHI % = ML E R 25
L, RV A AL, GBI O Zonel T95 ~ 430 m,
BN D Zone3 T8O ~ 320 m T b fRITFHIKIC B
V3 % WA R 0 43 A % Fig.65 1R T AR S L,
HETINTHVYSN/Z900 mi&E T 07— 5 % MIEHIM L
Too BREME LT, FHNEICHTAHTA ~DD4TIC
B A ERR ORI 2 S L, S8R Lo
VBRI, T O RS O HERAE A S ST A L T
5.2 720 RCEofETIE, EREEFLVTHVOR
72 OFRER D S 1358 % AR L7z BRI O
BRI FARIE $ DO —E % Table 16 12783 o AT
B OB R BT 5 BB % Fig.66 [~ 3. #W L,
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Bottom topography
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Table 16 77 iHATEH— 5

List of harmonic constants

i A Hixi B Higi C Hi5i D
il IRl B R B R B R Ef
(cm) ¢ ) (cm) ¢ ) (cm) ¢ ) (cm) ¢ )
H Ky HHAGMKRHME 2527 21558 2498 21618 2452 21438 2479  214.28
(011 FKkE H A 20.64  193.87  20.54  194.67 19.95 193.17  20.05 192.77
Py FKF H A 793 21742 784  217.82 7775 216.22 7775  216.12
Q1 KR 4.39 172.01 439 17331 4.19 171.61 4.29 170.01

== H i Ms FREEHAM 7158 237.57  70.37 23827 6648 23427  69.07  232.77
Sa FARBEHEM 3082 271.73 3040 27193 28.63 26773  29.64  268.23
No BN RS 1495 22336 1477  223.86 14.02  220.16 1430  219.56
K2 H H &K H i 6.34  263.71 6.28  264.01 597  260.01 315 260.21

F A st Sa PN Shl 19.30 14980 1930  149.80 1930 14980  19.30  149.80
Ssa P4 J i 2.60  315.10 2.60  315.10 2.60  315.10 2.60  315.10
Mm KKz H ] 0.30 64.40 0.30 64.40 0.30 64.40 0.30 64.40
MSf  S2-M2 0.60  329.10 0.60  329.10 0.60  329.10 0.60  329.10
Mf N ES RN 0.40 157.50 0.40 157.50 040  157.50 040  157.50

Table 17§ R 41— 52
List of parameters

JEHH NIA—=F

panti] K1,01,P1,Q1,M2,52,N2. Ko,
Sa, Ssa, Mm, Msf, Mf

IR (At) 05

AP BRSP4 Smagorinsky

Coriolis &% (f) 7.9%107° (1/s)

HUEZLRE (n) 0.025
2O 0.05 m
WA S, R, AN, s,

FHNL, N A, SN

15 T T
—HIRA T HIEB
1.0 mC — #heaD
0.5 \ A I 4 M
1 n\l\ W\
0.0
Ll AU
-0.5 i
Scale: km
0 10
15 Fig.67 Bl AL
Location of observation points
-2.0 e A e e s o . e s e s s s

18 48 78 108 138 1680 198 228 2580 28H
B B (2001458)
Fig.66 7L#ifz o F¢f 221k
Time series of boundary tide level
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ERBEM (T.P.m) BRI (TPm) ERRBEM (TP.m)
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Fig.68 wHmifr & SZil iz oo lbig (2001455 H 1 H -5 H28 H)
Comparison of the simulated and observed tide level (1-28 May, 2011)
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ARG & o 7o RIEDFI NP TEELRENTH 57290,
1584 TN S KN E 2L L, BHOVMHIZL &5
FA TN REINL, F72, 1EIWIEIBEB L2128
M25 5D CEET 525, 1 HOH BT Lo
Y— 7 OEINAEALT 2 HIIAFEOKT b L {HI SN
TWwWh, 2B, MEA~DICBIT AL, Fig.66
POIETICHEAND 2 EIZTERVD, B emfET
Holze =T, WML LT, ZEMIOHRE T &
R IgSE D L Cit A 872130, BERHHFRRA T
BUA S L7z - JEGE T — & & TR e R R R T S

JAGEE L TH 2720 TOMOFEIZHWZ/8F X — 5 1%,

Table 17D L BY) TH 5,

AL, A BA U U R BT R A (i AR T K R
2001) D 15 B OBIHKEF L WS 5720, @i oOFH
Wl % 200145 A 11 H~ S A 27 H GUATIZ X b, @l
ORI M SR 572017 A & Lize 72
2L, BEobEME s &0, FHEOBREESHIA &
L7z,

b MER

EFNVOMEED 720, Fig6T | R$2E, =MB X
OV 00 AT R 3 112 45 0T 2 3 1 B o ) A6 8 TR0 s
(RBRIT, 2002) 3 X UF St.1 ~ St.12 DHIZ BT 5l
FROBUNAE R & TR R A B L 720

Flz s, =Mk & ORI o Ar B 3 (]S,
2002) & EMTAEF % HLEE L 72 D ASFig.68 Td 5 fRMTHE
B, AHEELRICEC L2 E TR HEESE L
BRIEILESDEDNKELL R DD, &FE L CRITFRR
RE{ TN LEZLND, BB & BT RO
PR, HZETI mBETH 72, ZOEED
TR E LT, M CIRREZESZEE SN TR n

EWEROND. T2, KL 23 T RIZBNTY,

RIS CIENT#E R MR 12 72 B S L S 7z,

o iRiE &R iRt SE
—©-Ef HA A EA HE

120 21 360

100 / 300

80 / 240

60 5 o—g AR / N
) 2l

(cm)

18

40
20
0 0
— 8N M ¥ !n g N ® O O = o
H & & b b s b s oa s oo
wvn v un
BRI
() Je 5 e

T DFFENTRE R 35 K OBHAIRE R 2 00 L TS
L1050 B, My, S2, 01 B LUK D452 D\,
TR D IENT G 2 AN L TR S 7z B & 8l
TS DA E L % LI L 72 D H Fig.69 ~ Fig.72 TH %o
kB, TITTHERLZ4MNE, FE4G5E LI,
ML IZIZHETE % L N Tw %, Fig.69 ~ Fig.72
T, HIREAPEIAR, O 2 0FEFRERT. b
IR O 7T —21%, KEF3modDTH
Do 72720, StTIB LU St10 TIX3OEIHT— 4 23D
Sl 3BOFHMEE L 72,

WAL, AW BIRO R TE O TR
LR, ERAZE A ) DT R s RS
bo ZO72, WEFEGAKEWIT ERITHE ST O
AR E B0 HIMEREZHET S L, RIFEICOW
T, SIS RIVN S VEMP RSN, »
FTNOFEN BT S B OAEI2RE D L s b —
HLTHBY, AREEMCTRFREREPEONL TS L
EZ bbb,

HH-EMNT A v LoBEmMmE T A4 v FRToii#%
IRIBIETUFER DGR & K L 727" Table 18 TH %, [H]
T4 ¥ EOFHESAIZOVTIE, FlZIE, ML S (2004)
OHMFAR, (WS, 2007) 12 & 2 E Wil 5L
L 72K ERRIC X ), BRIV T S iR
BEL LI EPHERENT VD, SO & KRBT
FERTIL, WY EOREMDPFE CTIE RO T, WE
HMICHET 2 2 L IETE RV, WHERRY BT
&% X9 Coriolis ®J1 EAANIGEA, A Z B 72 fEAT 5
LB L 7zo 7B, Table ISOIIFER &1L, 51 >
DOFLE & L LT P61 F 7213 P62 Hu S DG As & 72T
KEL GolzpERL72bDTH B, KEBAEERTIL,
BB TIMTEO O Z#ETOMMEDENZ LY, P6l
A TR O NEIEEROZEDY P2 # T TIE R 5 e v,

o~ iRiE &R o iRiE HE
- EA & —A—EA HE

180 > 2 360
150 \\ 300
120 /7> 240

& (cm)
p
=
AC)

o 90 180
r )
60 120
% M 0
0 e 0
= N M ¥ 1n 9 N 0O O O = o
h & & & & & & & & S o oo
wvy wvy wv
BRS
(b) B itk o

Fig.69 LRI & 58 £ 5347 o Lo (Mo 73-18)

Comparison of amplitude and phase of velocity (M, component)
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Comparison of amplitude and phase of velocity (S2 component)
—— iRkig B o iRiE HE —— iRIE A o RIE FE
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Comparison of amplitude and phase of velocity (O; component)
— iR A & RiE R — iRiE &R o RiE HE
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Fig.72 Uit RIR & £ 7345 O Lok (K, 731#)

Comparison of amplitude and phase of velocity (K; component)
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Table 18 fHH~EM T 1 > L OFLEBEIEER 0 g
Amplification rate on the Ariake -Nagasu line

fiEpTig gL
4V P61 ] PR S P62 WIER Oz
e (%) (%) brifiazs
S 0497  0.634 127.6
FIPMIREGE  0.667  0.854 128.1 3.18m
T R R 0911 1.053 115.5

IR EERAS T (& (2007) % T fEK)

St 0.572 1.019 1782  0.734 128.3
VR R 1.067 1.728 162.0 1.277 1197  3.80m
T EREGE 0.989 1.523 154.0 1.216 122.9
i 0.264  0.426 161.3 0.321 121.5
LREE 0475 0.729 1533 0.580 1220  2.16m
TMRERE 0495 0.758 153.1 0.601 121.3
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FEATAS T, POl HULML O B b & & 7 BRI E
BAE R L 0 dh R ) /s {, Po2HTOMEIZIT VAR &
ol 2L, WEMEOITTE 2o TV L EREET
WOKET — 5 25900 mi&F- D70, FiFUFiz DREEIC
B #0358 5 2 &, B OSFEIZIROIEEOMEZ &
WEHE L TEZLNS,

4 F&H

RETHE, EAREERNE SRR L L-FRER
AT C—HEAN ST & 2[R A S X A AT IS
BUsHIHMoRm L HE LT, SUaMEERTH
TARERETIVEEL, GUBEORREITICL Y £
TNOFHBMEEBGRE L7z EOME, AWM EZ 720
MBS TH LI, =ABLOKiowire, AH
HEAN BB G E L7212 4 AT OB A2 BV 5 @0
A OTN B ZIZRIFICHBT 5 2 L TE 72,
SAABIBEEF I B THULIIAIN & L 2 8 R ARAR A 70
LOTHY, EBEOFRERETIIZET 2LED
Vo ZD7, RIENTETIVIE, TERONTETIVTH
WO NTERGE AR EE T B BED e IR E V.
F 72, FRMMEE A5 k0T FETid, 58RO
WEAAD T2, ERALOBRIATIN & LA N TRGETE % R
BT UENH o720, FIaPABER V7@K EE
TNDIENT TIEEDVEN %R, BEIFHHEITETS
o T2, BENKED L HIZREFICELESTHE
NLIRMTOLE LFIENTE L L E 5,

VI KD SER L CEROBIEFEN

1 3U&IC
AL T, NI T, R RIIZBT 2 &L
BT ET NV MSET HI2H 720, BIMETIE, K
AV S N7 RHAFA OB R 2 BT & 2 —KTR
FEVLE 7V & RITTERKR T TN e SRR
FETWVEREL, BNETIE, ToBEoMEES
T VIGETORERE BT 5, HloeBE)
RATHECIRE L2, £72, BVETIE, SGalBEHR

ZHALZZREMEIZL Y, ZRITTERAKREREET VO
D % X5 72,

AETIE, FME,PSEVEIZBWT, HELTE
FETVEME L, W EIC B 2 militEE 7
VERFET Do T/, BETHMHEFRMIZBIT 5
LR 7T VORMEZHEREY 51218, EBROLEIE
BT HONPET L, SCEROILE SR Z LR
HZEDTELT =8 25b DN WEERT0, KikrH
LHT BN OKBIEIIEER O R 2 B L, EBRT—
7 EDREETT) -

2 JKIBHEEISRER

RETHET L ETVORMERESE LT, KE»H
L9 5 TN O KB RI TR & 1T 5 720 KBRERI O RS
% Fig73 127" 970 AKIERIERTIE, 1H0.3m, &AL
1/100 DK DO M IZIH 1.5 m, £ E54 mDOEFEOIL
ERZE L, KETRmEOKMNZ EH 452 Tl
EEICREBOK S 70, F/2, KT HRMmA SRtz
AL, —i, FHmICEEE S RIS A Y, i
DFRBEIRAEN LGB S T2,

LR ORI, KRBT, KR T
A KA & 7 U 1/100,  _E3el oo 3R ok 20 & 101
JZiE TOKRBD20 mOKXEIEARFEE Lze 22T, 0
EE KT T H IO B Z D 72018, #hE L9
AT o A B IR O I 2 RS 2 720 TdH
%o REFEED R SITKBEIED S 0.05m & L, LEHOE
L, KERIE,S002m FiZhb E)REL. 2B,
BRI, JREEE O R & 0 TGS O K # Ttk
NIV TP TEIEL, iR 20m O X H I,
BT 7 )NVEY Uiz, F72, IBESIIEEE TR
L7z, EENTENZ VTH LT, BESOHILSE
D275 59 02 mBEROKTZ 72,

TTIERRTIL, FigT4 R $, 2o A HIEE 5 o T i it
25 1.5mB LU3.0 m EFEMlo 2 TICHEEPORAE, B
NREY RNV N 2eeb S NG 5= Saw/ 4 =11 it i N DRV N A
B2 5H L7z ARAEZEHIITIE, &4 oFHllg2 5 ))&
NAHEEMEE ADEWRELEZ /LT PCIZHLY AA, FLEk
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Outline of the hydraulic model

L7ze 22T, =8O 7)) 7L —FMI20Hz &
L7zo F72, IBEEEZTHRAILT 5720, Kigr S 0EDS
WHE - 72BRIC, RIS EEE NITE R WEED bR
DAF Ly TI—% AL TEEKEEEOL, LHEEHD
SR Y LS T Y 7V E T F TR L 72,
EFTIE, »50 LO=AECTHIBERL & iEORR
XX YT L—vayLizA vN=F R TT0.01 ms
D —E R E B SRR L, LR G S
0.9m T Ui b B O KIS T im IS RETE L7727 7 v 7oK
PrFAs 7 — M XD, TFuhmARhr & flE L7z

3 SAOEFEMICE T2EHEETTIILOBE
a ETFILOBE
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The shape function applied a quasi-bubble function which used for the channel flow simulation
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Outline of dam break simulation
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Distribution of velocity in dam break simulation
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Finite element mesh used for the channel flood simulation
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Table 20 /K72 5 (L $ % AL DR Z 58
List of parameters used for the channel flood simulation
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Distribution of water level and Frude’s number Time series ot water level in the flood area
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(a)t=34s (b)yt=44s

(c)t=54s (d)r=1m 04 s

(e) t=1m24s

(g) 1=2m04s (h)t=2m 24 s
Fig.82 /KRB SEER & S AT 12 & 2 KB O Il (JREE T V)

Comparison of shorelines (Proposed model)
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(g) 1 =2m04s (h)yr=2m24s

Fig.83 /K FELFRI S5 & FUBE AT 12 & 5 /KBS D Hee (Buler BLE 7))

Comparison of shorelines (Euler type model)
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Study for Developing a Storm Surge Flood Model in Coastal Farmland

KIRI Hirohide

Summary

The development of geographic information analysis has increased user’s needs for flood simulation. However, flood
simulation requiresa detailed representation of the flooding area or adaptation to the design of facilities. It is necessary
to evaluate the influence of a rise in sea level and stronger typhoons, which are thought to be caused by climate change,
because these will cause more storm surge disasters in coastal farmland. However, the present flood analysis models
cannot properly evaluate the functions of irrigation and drainage facilities in case of a flood disaster, because these
models cannot easily include simulations of agricultural fields and facilities. This report proposesa numerical simulation
model by the finite element method for estimating the areas inundated by storm surges in coastal farmland.

This report shows, by analyzing three storm surge disasters, that disasters affect many coastal farmlands in various
areas. An increase in abnormal storm surges due to increasingly strong typhoons caused by climate change in the Ariake
Sea was verified by simulations using two model typhoons. The simulation results showed that this increase is correlated
to the rise in sea level reported by the IPCC in AR4. A finite element model for flood analysis of coastal farmland is
proposed. This model combines two different models: one simulates flood flow in two dimensions, and the other treats
channel flow in one dimension. This combined model includes small rivers and channels for the flood analysis of coastal
farmland. The flood process of the storm surge caused by typhoon 9918 was taken as an example for the simulation. In
simulating the storm surge disaster in the Yatsushiro Sea caused by typhoon 18 in 1999, the process by which flooding
from the river dike increased the flood damage was qualitatively represented. On the other hand, a comparison of the
simulated inundation area and the damaged area estimated by analyzing satellite images showed that the simulation
over-estimated the inundated area.

A moving element algorithm that moved nodes on the shoreline was proposed to develop amoving boundary technique,
which can maintain the continuousness of flood flow. The operation of the moving element algorithm was confirmed by
the slope of the same angle divided into arbitrary triangle element meshes. In a verification that used the slope of
compound angle, a change of bottom was caused only when the shoreline passed the points where the angle of slope
changed by the proposed algorithm, whereas the bottoms always change by the Lagrange method.

A finite element model using the MINI element was developed and the reproducibility of the model was verified by
simulating tidal currents in the Ariake Sea. It was confirmed that the model could represent the tide level at the three
observation stations and the harmonic constant of tidal current of the four main components of tide at 12 observation
points in the Ariake Sea.

A model of flooding caused by storm surges in coastal farmland was proposed and verified by simulation of a hydraulic
model test of flooding from channels. To simulate the hydraulic jump that occurred in the channel in the hydraulic model
test, a one-dimensional analysis model that applied the CIP method to the finite element model using a quasi-bubble
function element was developed. The verification results for the dam break flow showed that the adaptation of the CIP
method made the simulation stable without inducing artificial viscosity. On the other hand, it was confirmed that the
proposed flood model was able to represent the speed of flood front and the shape of flooding areas. The proposed flood
analysis model attains high spatial resolution and high reproducibility not only for estimating flood areas, but also for
evaluating the scale of facilities that are required for reducing damage.

Keywords: flood simulation, low-land farmland, moving boundary problem, finite element method





