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Synopsis

On July 17, 2015, Typhoon 1511, named Nangka, crossed the Seto Inland Sea relatively slowly at
about 20km/h, before the typhoon entering the Sea of Japan and then changing to a tropical cyclone.
Especially in the Shikoku Region, heavy rain, storm surge, and wave overtopping of the typhoon
caused inundation damage, and some port facilities were damaged by its waves and gales.

The typhoon caused not only damage of port facilities, but also inundation in Uno, Takamatsu, and
Sakaide Ports, which are located in the central area of the Seto Inland Sea. Therefore, a field survey
of the damage and the inundation was conducted: hearing survey and inundation trace height
measurement. In addition, numerical simulations on storm surge were carried out for Uno and

Takamatsu Ports to study problems in storm surge prediction. The major outputs are as follows:

(1) The inundation area was not wide because the storm surge reached its maximum during low tide.

(2) In Uno Port area, waves were small, but the roofs of a floating pier were blown down in the gale.
Heavy rain caused inundation in the upstream area from the closed water gate.

(3) Inundation occurred locally due to storm surge and wave overtopping in Takamatsu Port area.

(4) Relatively high waves entered Sakaide Port, and then inundation due to wave overtopping
occurred in the port.

(5) Storm surge in the coastal area close to the typhoon track are most affected by the track and the
central pressure. Therefore, their uncertainty should be properly evaluated in the storm surge
prediction for that area.
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1o = 94.89exp (M)
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5 (X(7.5). ZoRMIL, FEEHROERITRO S HE
D Z FEHE L U CRRERHE D o & 2k LT, B
DOHF LD Ta=30[deg )72 T WIAT 5. AT,
FREOMEE, L L. BROBENCERNT ¥ Lol



R IR OWEEHIIC 35T 2 B 1511 20k 5 @il S5 ORI E/ALE - WlET — - B E

DGRV, L, R@7ONLEBT S, ZoRMIE, BED
BESFmEFELTHD.

1dp Ug”®

9% _ 7.3
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Uy = C1 Uy, (7.5)

U
U 1(r) (7.6)
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L VZTSinﬂ
) Bty
W = ¢, (X)Ug (7.9)
N
C;(X) = C1(0) + {C1(X,) — C1 (o)} (X—)
X exp [(1 - %) {1 - <X£p>k} (7.10)
Ci(X,) = 2{1 +10(0:02314p-1.95)} (7.11)
X="/n (7.12)
@ = max [0, min[15, 30(X — 0.5)]] [deg] (7.13)
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ot Tax T oy =0 (7.14)
6M+ o (M? N 0 (MN)
at  dx\ D dy\ D
=fN — Da_n_ﬂ% Tsx ~ Tox
x  py 0x Pw
+ o°M + o°m 7.15
h axz ayz ( . )

6N+6(MN)+6 N?
at o0x\ D dy\ D

on D 0dpy Tsy — Tpy
=—fM—gD—— ——— 42X
Mg ay  pw 0y Pw
+4 o*N + o*N (7.16)
h\axz " ay? '
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M = f udx (7.17)
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N = f vdy (7.18)
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Tox = PaCpWy [WiF + VVy2 (7.19)
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2
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2
n
Toy =_Pg§/3 NVM? ¥ N2 (7.22)
- {(1.290 —0.024W)/103 (W < 8) (7.23)
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15 3 25.5 | 136.5 945
9 26.5 | 136.3 945

15 27.6 | 136.0 945

21 29.0 | 135.6 945

16 3 30.0 | 135.3 950
9 31.0 | 134.7 955

12 314 | 134.6 955

15 32.0 | 134.6 960

18 32.5 | 1345 960

21 33.0 | 1343 960

23 334 | 134.1 965

17 0 33.6 | 134.0 970
3 34.1 | 133.7 975

6 34.5 | 133.6 985

9 35.0 | 1334 990

12 353 | 1334 992

15 35.7 | 133.6 994

21 36.8 | 1343 998

x-A1 FEEMH
H AR ] FULALE (] | PRE
i+ H H WF | JbiE | SEiEE | [hPa]
2015 7 4 3 9.8 | 170.8 1000
9 10.3 | 170.3 998
15 10.9 | 168.8 996
21 11.2 | 167.1 994
5 3 11.1 | 1659 992
9 11.3 | 164.7 992
15 11.2 | 163.8 990
21 11.0 | 162.5 985
6 3 11.5 | 161.0 980
9 11.7 | 159.9 975
15 11.7 | 158.6 970
21 12.2 | 157.8 965
7 3 12.6 | 156.8 955
9 13.1 | 155.6 945
15 13.7 | 154.5 935
21 143 | 153.5 925
8 3 15.0 | 152.2 925
9 15.4 | 150.7 930
15 15.4 | 1499 935
21 16.0 | 149.0 935
9 3 16.6 | 147.8 930
9 17.0 | 146.8 930
15 17.6 | 1459 925
21 18.0 | 144.5 925
10 3 18.2 | 143.6 925
9 18.2 | 142.7 925
15 18.4 | 142.0 930
21 18.2 | 141.3 935
11 3 18.3 | 140.7 940
9 18.3 | 140.0 940
15 18.3 | 139.5 945
21 18.4 | 139.0 950
12 3 18.4 | 1384 950
9 18.4 | 137.8 955
15 18.6 | 137.6 955
21 18.7 | 137.5 960
13 3 19.0 | 137.2 960
9 19.6 | 137.2 960
15 20.5 | 137.1 955
21 21.3 | 136.9 950
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®-A 2 EWRE
H AR ] FULALE (] | PRE
i+ H H WF | JbiE | SEiEE | [hPa]
2015 7 4 3 9.4 | 170.5 1000
6 104 | 1704 1000
9 10.3 | 170.3 998
12 10.7 | 169.8 998
15 10.7 | 168.9 998
18 11.2 | 168.1 998
21 11.2 | 167.1 996
5 0 11.2 | 166.6 996
3 11.6 | 165.7 992
6 11.4 | 164.8 992
9 11.4 | 164.7 992
12 11.3 | 164.5 992
15 11.1 | 163.9 992
18 11.2 | 163.2 992
21 10.8 | 162.6 985
6 0 10.9 | 162.1 985
3 11.2 | 161.7 980
6 11.5 | 161.2 980
9 11.7 | 159.9 980
12 11.9 | 1593 980
15 11.7 | 158.6 975
18 11.9 | 1583 975
21 12.2 | 157.8 965
7 0 12.5 | 157.2 965
3 12.6 | 156.8 955
6 12.9 | 156.2 955
9 13.1 | 155.6 945
12 13.4 | 155.1 940
15 13.6 | 154.6 935
18 13.9 | 154.0 935
21 143 | 153.5 925
8 0 14.6 | 153.0 925
3 15.0 | 152.2 925
6 153 | 151.6 925
9 15.4 | 150.7 930
12 15.4 | 150.3 930
15 15.4 | 1499 935
18 15.7 | 149.5 935
21 16.0 | 149.1 935
9 0 16.4 | 148.5 935

-26 -

3 16.6 | 147.8 935

6 16.7 | 1473 935

9 17.0 | 146.9 935

12 17.2 | 146.5 935

15 17.6 | 145.9 935

18 17.9 | 1453 935

21 18.0 | 144.6 925

10 0 18.0 | 144.1 925
3 18.2 | 143.6 925

6 18.3 | 1433 925

9 18.2 | 142.7 925

12 183 | 1424 925

15 18.4 | 142.0 925

18 18.3 | 141.6 925

21 18.2 | 1413 925

11 0 18.2 | 141.0 925
3 18.3 | 140.7 935

6 18.3 | 140.3 935

9 18.3 | 140.0 945

12 18.3 | 139.7 945

15 18.3 | 139.5 950

18 18.3 | 1393 950

21 18.4 | 139.0 950

12 0 18.3 | 1383 950
3 18.3 | 138.1 950

6 18.3 | 138.0 950

9 18.4 | 137.7 950

12 18.5 | 137.7 950

15 18.6 | 137.6 950

18 18.7 | 137.5 950

21 18.7 | 137.5 950

13 0 18.8 | 1373 950
3 19.0 | 137.2 950

6 19.3 | 137.1 950

9 19.6 | 137.2 950

12 19.9 | 137.1 950

15 20.5 | 137.1 950

18 21.0 | 136.9 950

21 213 | 136.9 950

14 0 21.7 | 136.7 950
3 222 | 136.6 950

6 22.4 | 136.7 950

9 22.7 | 136.5 950
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13 35,5 | 1334 994

14 35.6 | 133.4 994

15 35.7 | 1335 994

18 36.3 | 1344 994

21 36.6 | 134.6 996

18 0 36.8 | 135.2 998
3 37.0 | 136.0 1002

12 23.1 | 136.5 950
15 23.7 | 136.5 950
18 24.1 | 136.6 950
21 243 | 136.6 950
15 0 24.8 | 136.6 950
3 25.5 | 136.5 945
6 259 | 1364 945
9 26.5 | 136.3 945
12 27.1 | 136.1 945
15 27.5 | 136.0 945
18 28.2 | 136.0 945
21 29.0 | 135.6 945
16 0 29.4 | 1353 945
3 29.9 | 135.2 955
6 30.5 | 135.0 955
9 31.0 | 134.8 960
10 31.2 | 134.6 960
11 31.3 | 134.6 960
12 314 | 134.6 960
13 31.5 | 134.6 960
14 31.7 | 134.6 960
15 32.0 | 134.6 960
16 322 | 134.6 960
17 323 | 1345 960
18 32.5 | 1345 960
19 32.6 | 134.5 960
20 32.8 | 1345 960
21 33.0 | 1343 960
22 332 | 1343 960
23 334 | 1342 960
17 0 33.6 | 134.0 965
1 33.7 | 133.8 970
2 33.9 | 133.7 970
3 34.1 | 133.7 975
4 34.1 | 133.6 975
5 344 | 1337 980
6 345 | 133.7 985
7 347 | 133.6 985
8 348 | 133.5 985
9 35.0 | 1334 990
10 35.1 | 1334 990
11 352 | 1334 990
12 353 | 1334 992
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£-A3 THME (201547 A 16 A 16 KF Kfs)

A A RE [ HULALE (B | LRI
GE H H g | Jb#E | SRR | [hPa]
2015 7 4 3 9.4 | 1705 1000

6| 104 | 170.4 1000

9| 103 1703 998

12| 107 | 169.8 998

15| 107 | 168.9 998

18 | 11.2 | 168.1 998

21| 112 167.1 996

5 0| 112 166.6 996
3| 116 | 1657 992

6| 11.4| 164.8 992

9| 114 | 164.7 992

12| 113 ] 1645 992

15| 11.1 | 163.9 992

18| 112 163.2 992

21| 10.8 | 162.6 985

6 0| 109 162.1 985
30 112 161.7 980

6| 115 1612 980

9| 11.7| 1599 980

12| 119 ] 1593 980

15| 11.7 | 158.6 975

18| 11.9 | 1583 975

21 | 122 ] 157.8 965

7 0| 125 1572 965
30 126 | 156.8 955

6| 129 | 1562 955

9| 13.1| 1556 945

12| 13.4 ] 155.1 940

15| 13.6 | 154.6 935

18 | 13.9 | 154.0 935

21| 143 | 1535 925

8 0| 146 | 153.0 925
3| 150 1522 925

6| 153 | 151.6 925

9| 154 | 150.7 930

12| 154 ] 1503 930

15| 154 | 149.9 935

18 | 157 | 149.5 935

21| 160 | 149.1 935

9 0| 164 | 1485 935
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3 16.6 | 147.8 935

6 16.7 | 1473 935

9 17.0 | 146.9 935

12 17.2 | 146.5 935

15 17.6 | 145.9 935

18 17.9 | 1453 935

21 18.0 | 144.6 925

10 0 18.0 | 144.1 925
3 18.2 | 143.6 925

6 18.3 | 1433 925

9 18.2 | 142.7 925

12 183 | 1424 925

15 18.4 | 142.0 925

18 18.3 | 141.6 925

21 18.2 | 1413 925

11 0 18.2 | 141.0 925
3 18.3 | 140.7 935

6 18.3 | 140.3 935

9 18.3 | 140.0 945

12 18.3 | 139.7 945

15 18.3 | 139.5 950

18 18.3 | 1393 950

21 18.4 | 139.0 950

12 0 18.3 | 1383 950
3 18.3 | 138.1 950

6 18.3 | 138.0 950

9 18.4 | 137.7 950

12 18.5 | 137.7 950

15 18.6 | 137.6 950

18 18.7 | 137.5 950

21 18.7 | 137.5 950

13 0 18.8 | 1373 950
3 19.0 | 137.2 950

6 19.3 | 137.1 950

9 19.6 | 137.2 950

12 19.9 | 137.1 950

15 20.5 | 137.1 950

18 21.0 | 136.9 950

21 213 | 136.9 950

14 0 21.7 | 136.7 950
3 222 | 136.6 950

6 22.4 | 136.7 950

9 22.7 | 136.5 950
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12 23.1 | 136.5 950

15 23.7 | 136.5 950

18 24.1 | 136.6 950

21 243 | 136.6 950

15 0 24.8 | 136.6 950
3 25.5 | 136.5 945

6 259 | 1364 945

9 26.5 | 136.3 945

12 27.1 | 136.1 945

15 27.5 | 136.0 945

18 28.2 | 136.0 945

21 29.0 | 135.6 945

16 0 29.4 | 1353 945
3 29.9 | 135.2 955

6 30.5 | 135.0 955

9 31.0 | 134.8 960

10 31.2 | 134.6 960

11 31.3 | 134.6 960

12 314 | 134.6 960

13 31.5 | 134.6 960

14 31.7 | 134.6 960

15 32.0 | 134.6 960

18 325 | 1344 960

21 33.1 | 1342 965

17 0 33.7 | 134.0 970
3 343 | 133.7 975

6 34.7 | 1335 980

9 35.1 | 1333 980

12 35.5 | 1333 985

15 359 | 1333 985

18 15 39.1 | 1354 1002
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ZDOZEND, FHMB X ONERAE O H M E O BT 0.
WIXEERSMLETHD. .
£-E 1 BEBOMEOESE G5 bk 31.5 ) L
R SE) ST (BRI J 1) o
pewif | ovwigr | oase | mewpr | pwer | s "o,
[deg.] [min.] [km] [deg.] [min.] [km] o
0.0 0 | 0.000 0.0 0| 0.000
0.
0.1 5| -1.852 0.1 5| -1.579
0.2 10 | -3.704 0.2 10 | -3.159 0.
0.3 20 | 3.704 0.3 20 | 3.159 0.6 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
longitude [deg]
0.4 25 | 1.852 0.4 25 | 1.579
0.5 30 | 0.000 0.5 30 | 0.000 T
0.0 1.0 2.0 3.0 4.0 5.0
0.6 35 | -1.852 0.6 35 | -1.579 error [ku]
0.7 40 | -3.704 0.7 40 | -3.159 R-E.2 HEHLALEOREST ML
0.8 50 | 3.704 0.8 50 | 3.159 (x4 A 31.5 %)
0.9 55 | 1.852 0.9 55 | 1.579
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