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Synopsis

This study is a time-series analysis of the harborage behavior of ships and an analysis of
actual harborage and anchor dragging of ships based on AIS data in Osaka Bay during
Typhoon No.21 which struck with recording breaking wind strength in September 2018.
Based on the results, we summarized the harborage behavior of ships, mooring harborage
in the bay and the wind speed when anchor dragging started.
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24.4
24.5
24.5
24.6
24.5
24.6
24.7
24.7
25.0
25.5
26.1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
26.3
1
1
25.0
1
1
25.6
1
1
25.8
1

27.9
28.2
25.5
23.2
22.4
21.5
21.9
20.7
18.1
17.7
14.3
13.7
12.7
12.9
13.7
11.6
10.1

7.9

8.0

9.1
11.8
11.5
11.8
12.8
13.1
13.4
13.6
12.4
12.6
12.8
13.4
13.7
12.3
11.3
11.2
12.0
11.9
14.9
12.0
12.9
11.1
10.7

8.8

8.1

8.4

9.1

P P4
P 74
P 74
P 79
A P4
P P4
P 74
P 79
A P4
e P4
P 74
P 79
A P4
e P4
P 74
P 79
A P4
e P 79
e P 79
P B P
A P 79
e P 79
e P 79
P B P
A P 79
e P 79
e P 79
P B P
A P 79
e P 79
e P 79
P B P
A P 79
e P 79
e P 79
P B P
A P 79
e P 79
e P 79
P B P
A P 79
e P 79
e P 79
P B P
A P4
P P4

34.5
36.0
32.4
30.3
28.3
27.3
28.3
27.3
23.1
22.1
19.5
17.0
15.9
15.9
16.5
15.4
12.9
10.8

9.3
13.4
14.4
14.4
15.4
16.5
18.0
17.0
17.5
14.9
15.9
17.0
17.0
17.0
15.4
14.4
14.4
14.9
15.4
20.1
15.4
16.5
14.4
13.4
10.8
10.3
11.3
12.3

P 74
P 7Y
P 7Y
i 75
A P4
P 74
P 7Y
P 75
A P4
V4 P P4
V4 7
P 75
A P4
P 74
P P 7
P 75
A P4
i 7 7
P P 7
P P PG
P 7 P
i 7 7
P P 7
P P PG
P 7 P
i 7 7
P P 7
P P PG
P 7 P
i 7 7
P P 7
P P PG
P 7 P
i 7 7
P P 7
P P PG
P 7 P
i 7 7
P P 7
P P PG
P 7 P
i 7 7
P P 7
P P PG
A P4
P 74

1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"

21:50 /) 111110.8 \FE RS PE 13.9(mrEwE | ///
22:00 /11126.1/10.9 | Fd P4 12.9|mErEE | ///
22:10 M) 11110.3 | B rE P 12.9|FEm W | /1/
22:20 MV 9.0|METE P 11.3|FErEWE | /11
22:30 /11126.1| 8.6 PRI FE 12.3|FrEFE | 1/
22:40 /11| 8.6 |FERPE 10.8 |FEFE P | ///
22:50 ML 1| 8.7 | v 10.8| FEVE | /1/
23:00 111126.4| 8.7|MMFE 10.8 [FEAFATE | ///
23:10 M1 8.7 \FEEEFE 10.8|FEFEFE | ///
23:20 I 9.2 \FER e 11.3|FE/EVE | 11/
23:30 /1/126.6|10.1 |Fr V4 12.3|FEm e | /1/
23:40 M) 9.7| EEVE 12.3| W | /1
23:50 /11 9.5 FETE 11.3|FEmPE | 11/
24:00 /11126.6] 9.7| FEPE 12.9| MW | ///
£-C.2 MFAEEORET —X¥
(201859 H4H 104y Z & DfH)

s ok B SR JE A - FEGE (m/s) B@?g

(mm) |(C) sy Rin BABERE | BRI | ()
00:10| 0.0|27.2] 5.9| dbH# 7.70 AL |
00:20| 0.0(27.2] 6.4 [HALH 8.2| A3 | /11
00:30| 0.0(27.2] 6.6 [HAL3H 8.7 |HALH | /11
00:40| 0.0|27.2| 5.7| dLH# 7.2 BACHE | /1
00:50| 0.0|27.0| 5.9| dbH# 8.7| AL | 11
01:00| 0.0|27.1] 6.1 dLH# 7.7 AR |
01:10| 0.0|27.0| 6.3 4L 7.7, AeH |
01:20| 0.0(27.0| 6.1 [HALH 7.70 AL |
01:30| 0.0(26.9] 5.2 [HALH 6.7 |HALH | 1/
01:40| 0.0/26.9| 5.2| dL# 7.2 AL /1
01:50| 0.0|26.9| 5.9 4L 7.7 #AkH 1
02:00| 0.0|26.8| 6.1 JLH# 8.2| AL | /1
02:10| 0.0(26.8| 5.6 [HALH 7.2 HALH | /1
02:20| 0.0(26.8] 6.4 [HALH 8.2|HALH | /11
02:30| 0.0(26.7| 6.4 [HALH 8.2| AL | /11
02:40| 0.0(26.7| 6.3 [HALH 8.2| AL | /1
02:50| 0.0|26.7| 6.4 | dLH# 8.7| AL | 11
03:00| 0.0/26.8| 5.3| dLH# 7.2 L% |
03:10| 0.0|26.8| 5.8 4L 7.7 #AkH )
03:20| 0.0(26.8] 6.2 [HALH 8.2| AL | /1
03:30| 0.0/26.8] 6.2 dLH# 8.2| AL | /1
03:40| 0.0/26.7| 6.3| dLH# 8.2| A3 | /11
03:50| 0.0|26.7| 5.3 4L 7.2 deH |
04:00| 0.0|26.7| 5.2| JLH# 6.7| AL | /1
04:10| 0.0/26.8] 6.2 dLH# 7.2 AL |
04:20| 0.0|26.8| 5.9| dLH# 7.7 |ALE
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04:30
04:40
04:50
05:00
0510
05:20
05:30
05:40
05:50
06:00
06:10
06:20
06:30
06:40
06:50
07:00
07:10
07:20
07:30
07:40
07:50
08:00
08:10
08:20
08:30
08:40
08:50
09:00
09:10
09:20
09:30
09:40
09:50
10:00
10:10
10:20
10:30
10:40
10:50
11:00
11:10
11:20
11:30
11:40
11:50
12:00

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.5
0.0
0.5
0.0
0.5
0.0
1.0
1.0
0.5

26.8
26.8
26.8
26.8
26.8
26.8
26.9
27.0
27.1
27.2
27.3
27.3
27.5
27.5
27.6
27.8
28.1
28.2
29.0
28.9
29.4
30.0
29.8
29.7
29.6
29.6
29.5
29.4
29.2
29.1
29.2
29.2
29.0
29.1
28.9
28.0
27.6
27.5
27.3
27.0
26.7
26.1
26.1
25.6
25.4
25.3

5.6
5.9
6.3
6.2
6.1
5.4
5.5
5.9
6.2
6.8
6.2
7.1
7.6
7.7
6.8
6.6
6.8
6.6
7.2
8.1
7.7
8.5
8.3
8.5
9.4
9.2
8.3
8.1
9.4
9.7
9.2
9.6
9.3
9.7
8.9
9.1
8.9
9.7
12.0
12.5
13.9
15.5
17.1
17.3
18.6
19.4

ek
el
el
el
Ela
ek
el
el
ek
Ela
el
el
AL
Ela
el
el
Ela
ek
RALE
ALK
AL
AL
RALE
ALK
AL

ALK
AL
AL
RALE
ALK
AL
AL
RALE
ALK
AL
AL
RALE
ALK
AL
AL
RALE
ALK
RALH
AL

7.2
7.7
7.7
8.2
7.7
7.7
7.2
7.7
8.7
8.7
8.2
8.7
9.3
9.8
8.7
8.7
8.2
8.7
8.7
9.8
9.8
10.8
10.8
10.8
12.3
11.3
10.8
10.3
11.3
11.8
11.8
11.8
12.3
11.8
11.8
12.3
11.8
12.9
15.9
14.9
19.5
19.5
20.6
22.6
23.1
23.7

el
ek
el
JE3R
el
el
ek
JE3R
AL
el
HALSE
JE3R
el
el
ek
JE3R
el
AL
el
HALIE
AL
AL
HALSE
HALIE
AL

HALSE
HALIE
AL
AL
HALSE
HALSK
AL
AL
HALSE
HALIE
AL
el
HALSE
HALSK
AL
AL
HALSE
HALSK
el
AL

1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"

12:10
12:20
12:30
12:40
12:50
13:00
13:10
13:20
13:30
13:40
13:50
14:00
14:10
14:20
14:30
14:40
14:50
15:00
15:10
15:20
15:30
15:40
15:50
16:00
16:10
16:20
16:30
16:40
16:50
17:00
17:10
17:20
17:30
17:40
17:50
18:00
18:10
18:20
18:30
18:40
18:50
19:00
19:10
19:20
19:30
19:40

1.5
1.0
0.5
1.0
0.5
1.0
6.5
9.5
17.0
11.0
1
1
11
1
1
1"
11
1
1
1"
11
1"
1
1"
11
1
1
1
11
1"
1
1"
11
1
1
1"
11
1
1
1"
11
1
1
1"
11
1

25.0
25.2
24.8
24.8
24.8
25.0
24.5
24.2
24.5
24.7
25.1
25.1
24.8
24.7
24.5
24.7
24.7
25.0
25.0
25.0
25.1
25.7
25.7
25.7
25.4
25.7
25.8
25.7
25.9
26.3
26.3
26.5
26.5
26.5
26.5
26.6
26.6
26.6
26.6
26.6
26.6
26.6
26.6
26.5
26.6
26.5

21.0
22.3
23.5
23.5
24.3
23.8
23.7
24.6
24.2
21.0
33.5
34.5
26.4
25.0
23.3
22.2
21.8
21.3
22.9
22.2
21.5
20.7
19.8
18.7
19.4
18.6
14.9
12.8
11.3
12.7
13.2
12.1
10.9

8.9

8.8

9.1
10.1
11.3
11.3
11.6
12.4
11.8
11.8
11.8
13.1
12.7

AL
HALE
HALE
ALK
AL
AL
HALE
ALK

S
P e P
P F PG

A P4
V4 P P4
74 ¥ 7
VP 7Y

A P4

P P4

P 74
VP 7Y
[isNEayic)
V4 P 74

P 74

P 75

A P4

P P4

P 74
P F PG

A P4

P P4

P 74

P 75

A P4

P P4

P 74

P 75
A P 79
P P P4

P 74

P 75
A P 79
P P P4
P e P
e P PG
A P 79
P P P4

26.7
27.8
28.3
29.8
29.3
30.3
30.9
32.4
32.9
44.2
44.8
45.3
34.0
35.0
29.3
29.3
28.8
27.3
31.4
30.9
27.3
26.2
25.2
22.6
24.2
22.6
19.0
15.9
13.9
17.5
15.9
14.4
13.4
11.3
10.8
12.9
12.9
13.9
13.4
13.9
14.9
14.4
14.9
14.9
15.4
15.9

AL
el
ALK
HALR
AL
AL
ALK
HALR
AL

P P 7
7 74
[ENeapi]
V4 R 7
VG R 7
[Ny
P 74
P 7Y
VG R 7
7 74
[ENeapi]
P 7Y
P 7Y
7 74
P 74
P 7Y
P P 7
A P P4
P 74
P 7Y
P 7Y
7 74
P 74
P 7Y
P P 7
7 74
P 74
P P 7
P 7Y
A P P4
e P P4
P P 7
P P 7
A P P4
e P P4

1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
1"
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ATIS 7 =4 v 7z 2018 SRR 21 55 O KRB PR O kRS2 RE I B9 2 S0 A/ ILA R « JEAH —

19:50 /11126.4/11.9 \FEFE 7 14.4 \FEFEPE | 1/
20:00 /11126.1]11.7 \FE RS P 13.9\mEmEE | 1/
20:10 /11126.0(12.9 |FEm 74 15.9 B | /1/
20:20 111126.0(12.5 |F RS 7 14.9 [FERATE | ///
20:30 /11125.9(11.7 \FE FE 7 13.9\FErEFE | 1/
20:40 /11125.8/13.1 |FE FE 7 17.0 \FEFEPE | 71/
20:50 /11125.4|11.3 |FEm 74 13.9|FEm G | /1/
21:00 /11125.5(10.1 | RS 7 11.8|FEFEWE | /11
21:10 /11125.5(11.7 \FE FE 7 14.4 \FEFEFE | 1/
21:20 /11125.5/10.1 |FE FE 74 11.8|FmAVE | /1]
21:30 /1125.5| 9.4 |Fm P4 11.3 |FEEEVE | ///
21:40 11125.5] 9.2 | FE 7 10.8 [FERATE | ///
21:50 /11125.7/10.0 |FE FE 7 12.3|FEFEFE | 1/
22:00 /11125.7/10.1 |FE FE 7 11.8|FmAVE | /1]
22:10 /11125.7|10.2 | B 74 12.9|FEm W | 1/
22:20 /11125.6(10.0 |F RS 7 11.8|FEFEWE | /11
22:30 /11125.7/10.4 \FE FE 7 12.3\FEFEFE | 1/
22:40 /11125.8| 9.9 |FEFE P 11.3|FmAVE | /1]
22:50 /1125.8| 9.4 |FmPH 11.3 |FEEEVE | ///
23:00 /11125.8| 9.9 |FEm V4 11.3|FAFEWE | /11
23:10 /1/125.8/10.0 |FH FE 7 11.8|FmAVE | /1]
23:20 /11125.8| 9.7 \FEFE P 11.3|FmAVE | /1]
23:30 /11125.810.0 |FE 74 11.8 |FEEEVE | ///
23:40 /11125.8(10.6 | FE 7 12.9 [FERATE | ///
23:50 /11125.9/10.4 |FE FE 7 12.3|FEFEFE | 1/
24:00 /11125.9] 9.6 |FEFE P 11.3|FmAVE | /1]
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