
6.1.1 (1) 

°N °E

850. .
3

39.0 139.7 7 2
6

1662.6.16
2

35.2 135.95 71/4 7.6

85
1570 1020 37

1 30 300
260 1 200

1741.8.29
1

41.6 139.4 3

13 19
1467 729

1521
100 37

1762.10.31
12

38.1 138.7 7 1 26

1792.6.13
4

43.75 140.0 7.1 2
5

1793.2.8
4

40.85 139.95 6.9 7.1 1
154 12

12km 3.5m

1804.7.10
1

39.05 139.95 7 1

5
5

300

1833.12.7
4

38.9 139.25 71/2 2
475 42

345 100

1872.3.14
5

35.15 132.1 7.1 0

1

5 550

M m

1



6.1.1 (2) 

°N °E

1927.3.7
2

35.6 134.9 7.3 -1
2925 12584

( 18km 2.7m)
( 7km)

1939.5.1
14

39.9 139.8 6.8 -1

2 M6.7

27 479
44cm

1940.8.2
15

44.4 139.8 7.5 2 2m 3m 1m
10

1947.11.4
22

43.8 141.0 6.7 1 2m
0.7m

1964.5.7
39

40.4 138.7 6.9 -1
3

3

1964.6.16
39

38.4 139.2 7.5 2

26
1960 6640 15297

4m
1m

1964.12.11
39

40.4 139.0 6.3 -1
1km 20cm 2

10cm

1971.9.6
46

46.7 141.4 6.9 0

3 2 1

5 6
( )

64cm

1983.5.26
58

40.4 139.1 7.7 2 3

104(
100) 163( 104) 934
2115 52 3258
255 451 1187

M m

2



6.1.1 (3) 

°N °E

1993.2.7
5

37.7 137.3 6.6 0

5
1 28

1

26cm 32cm
51cm 25cm 18cm

5cm 5cm 9cm
7cm 23cm 48cm
17cm 40cm 12cm
13cm

1993.7.12
5

42.8 139.2 7.8 3

5

202 28 323

10

10m

2007.3.25
19

37.2 136.7 6.9 -1

19

1 356 686
1740(2009 1 ) 6

( 3 ) 0.2m

2007.7.16
19

37.6 138.6 6.8 -1

19

2004

15 2346
1331 5710(2008 10 15 )

6 ( 3 1
)

35cm( )

2007.8.2
19

47.1 141.8 6.4

( ) M6.4
2

2 ( 19
9 1 )

0.1 0.2m (
)

0.2m

1) (1984)(1) (2014)(2) (2013)(3)

2) (2014)(2)

3) m( (2014)(2) (1998)(5)

4)1662 (2013)(3) (2010)(4)

5)1971 (1998)(5)

6)2007 (2007)(6)

mM

3



6.2.1

(1982)(9)

Staggered Leap-frog

1,500km

2,000km 

0.3 CFL

 Mansinha and Smylie(1971)(10)

(1982)(9)

n=0.030 (2016)(8)

0m2/s 

3.0 6.0

T.P.0.00m 

cm 10cm

4



6.2.2

(1982)(9)

Staggered Leap-frog

1,500km
2,000km 

0.05 0.025

0.05 0.025

0.025

Mansinha and Smylie(1971)(10)

Watts Grilli and Watts(2005)(37) Watts et 
al.(2005)(38)

Kinematic Kinematic

Watts Fritz et al.(2009)(41)

 Grilli and Watts(2005)(37) Watts et al.(2005)(38)

(1982)(9)

n=0.030 (2016)(8)

0m2/s 

3.0 6.0

T.P.+0.49m T.P.0.00m 

T.P.+0.49m T.P. 0.01m 
(2007 1 2011 12 5 ) 

cm 10cm

5



6.2.3

L W D
M0 Mw Ht or 

(km) (km) (m) (N m) (km) (m)

1 76 15.0 2.52E+20 7.54 73.4 2.11

2 24 15.0 2.51E+19 6.87 57.7 0.57

3 36 15.0 5.66E+19 7.11 56.1 1.03

4 21 14.0 1.75 1.80E+19 6.77 54.9 0.48

5 13 8.7 1.08 4.26E+18 6.36 57.7 0.18

6 15 10.0 1.25 6.55E+18 6.48 50.9 0.27

7 18 12.0 1.50 1.13E+19 6.64 48.9 0.40

8 49 15.0 1.05E+20 7.29 39.9 2.18

9 27 15.0 3.18E+19 6.94 37.1 1.05

10 64 15.0 1.79E+20 7.44 15.3

11 FG1 30 15.0 3.93E+19 7.00 100.1 0.45

12 FG1 29 15.0 3.67E+19 6.98 80.0 0.53

13 FGA3 29 15.0 3.67E+19 6.98 59.5 0.72

14 FGA3 21 14.0 1.75 1.80E+19 6.77 45.5 0.58

15 FGA4 7 4.7 0.58 6.65E+17 5.82 56.6 0.05

16 FGA4 17 11.3 1.41 9.53E+18 6.59 43.3 0.40

17 FGA4 17 11.3 1.41 9.53E+18 6.59 50.1 0.35

18 19 12.7 1.58 1.33E+19 6.69 46.2 0.47

19 34 15.0 5.05E+19 7.07 59.9 0.88

20 38 15.0 6.30E+19 7.14 77.4 0.80

2 

1 3 2 3 1.0m

1 
3 

2 

6



6.2.4

(km) (°) (m) (°) (°) (m) (m) (m)

76

 3.91
324.36
358.11
 36.66
 27.32

 5.12
305.16
317.82

7.53 5.02

45
90

45
90

90 1.9 -1.1 1.5

36

347.98 316.76
329.74 328.03
322.95 320.79
325.76 317.34
299.48 305.13
147.15 312.01
323.77 143.66
163.00

7.10 2.99 90 90 1.3 -0.8 0.7

49

41.12
345.44
330.27
309.19
315.54
305.27

7.29 3.76
60
90

90 4.3 -1.0 1.8

27

357.29
351.32
330.81
1.97

6.94 1.94 60 90 0.5 -0.4 0.6

64

139.02
129.01
110.50

7.43 5.32 90 90 1.0 -3.0 2.0

131 183 7.85 9.44 60 - 1.2 -1.2 1.2

2 131 30 7.85 9.44 60 - 0.7 -1.2 1.2

3 131 20 7.85 9.44 60 - 1.0 -1.7 1.5

3 131 200 7.85 9.44 60 - 1.7 -1.2 1.2

Mw

7



6.2.5 (1) 

6.2.5 (2) 

157°

70°

46°

0°

11°

0°

30°

0°

0°

0.0km

49km 16.2km 15.0km

15.0km

17.3km

No.

15.0km

w
W

7.43

L

64km

D

7.29 0.0km 3.76m

5.32m

90°

90°

60.00°

90.00° 15.0km

15.0km90.00°

3.5×1010

N/m2

3.5×1010

N/m2

T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m

5.3 0.9 0.9 0.9 1.3 2.1 2.1

2.0 2.1 1.9 1.9 2.5 2.7 2.8 -1.9 -1.8 -2.0

-0.8 -0.7 -1.0

0.23m

1 (1998) logM0=2.0logL+16.64 Kanamori(1977) Mw=(logM0-9.1)/1.5

2 M0

1 
2 

8



6.2.6

6.2.7

T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m

4.5 1.1 1.1 1.1 1.4 3.6 3.8 -0.8 -0.8 -1.0

T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m

4.4 1.7 1.7 1.7 1.7 2.9 3.0 -1.4 -1.4 -1.6

9
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6.2.9 (1) 

6.2.9 (2) 

T.P.m T.P.m T.P.m

3.4 4.0 -3.5

3.5 2.1 -2.3

3.3 1.8 -2.1

3.3 2.0 -2.2

LRR 3.5 1.9 -2.2

LLR 3.6 1.9 -2.1

T.P.m T.P.m T.P.m

1.7 2.7 -2.7

1.2 2.1 -1.1

1.1 1.8 -0.8

1.4 1.7 -1.1

LRR 1.4 1.7 -1.1

LLR 1.4 1.7 -1.1

T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m

3.6 0.7 0.7 0.7 1.2 2.1 2.1

LRR 3.6 0.7 0.7 0.7 1.2 1.9 1.9

LLR 3.7 0.7 0.7 0.7 1.2 1.9 2.0

11
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6.2.11

1

T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m

A
Es-G3

Watts 0.6 0.6 0.6 0.6 0.6 0.6 0.6 -0.3 -0.3 -0.3

Kinematic 2.0 1.0 1.0 1.0 1.0 1.6 1.8 -0.8 -0.8 -0.8

B
Es-K5

Watts 2.0 0.8 0.8 0.8 1.0 1.9 2.1 -0.7 -0.7 -0.8

Kinematic 4.1 1.2 1.1 1.1 1.3 3.7 4.0 -1.1 -1.0 -1.1

C
Es-T2

Watts 2.4 0.8 0.7 0.7 1.1 1.1 1.3 -0.5 -0.5 -0.8

Kinematic 3.3 1.1 1.1 1.1 1.2 3.7 3.9 -0.9 -0.9 -1.2

1  T.P.+8.5m

1

T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m

A
Es-G3

Watts
0.6 0.6 0.6 0.6 0.6 0.6 0.6 -0.5 -0.6 -1.1

Kinematic
2.0 2.3 2.1 2.2 2.6 1.6 1.8 -1.2 -1.4 -2.2

B
Es-K5

Watts
2.2 2.5 2.3 2.4 2.5 1.9 2.1 -1.4 -1.5 -2.1

Kinematic
3.6 3.9 3.7 3.8 3.8 3.7 4.0 -3.6 -3.7 -3.7

C
Es-T2

Watts
1.4 1.8 1.4 1.6 1.8 1.1 1.4 -1.3 -1.4 -2.2

Kinematic
3.2 3.7 3.3 3.5 3.6 3.7 3.9 -2.4 -2.5 -2.8

1  

13
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6.2.14

T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m

Watts
0.6 0.6 0.6 0.5 0.5 0.6 0.6 -0.1 -0.1 -0.1

0.7 0.8 0.7 0.7 0.8 2.1 2.1 -0.3 -0.3 -0.4

Watts
0.6 0.6 0.6 0.6 0.6 0.8 1.0 -0.1 -0.1 -0.1

0.6 0.6 0.6 0.6 0.6 1.5 1.4 -0.1 -0.1 -0.1

Watts
1.0 1.1 0.9 1.0 1.0 0.6 0.6 -0.3 -0.4 -0.4

1.1 1.2 1.0 1.0 1.0 0.6 0.7 -0.3 -0.4 -0.4

No.10

No.14

No.1,2,3

16



( )

( )

6.2.15

6.2.16

T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m

87 4.4 1.2 1.1 1.1 1.5 3.6 3.8 -1.2 -1.1 -1.4

81 5.7
(21 )

1.5
(0 )

1.3
(18,21 )

1.3
(18 24 )

1.8
(39 )

6.0
(63 )

6.1
(78 )

-1.3
(57,60 )

-1.2 -1.7
(81 )

102 4.7 1.1 1.1 1.1 1.5 4.8 5.1 -1.3
(90,93 )

-1.3
(78,81 )

-1.7
(60 )

T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m T.P.m

No.1,2,3
57 1.9 2.2 2.0 2.0 2.3 3.0

(0 )
3.1

(0 )

No.14
54 2.2

(54 )
2.6

(54 )
2.2

(54 )
2.3

(54 )
2.7

(45 )
2.7 2.7 -2.0

(51 )
-1.9

(30 )
-2.0

(54 )

17
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6.2.21

T.P.(m)

1

Open

A
Es-G3

Watts 0.6 0.6 0.6 0.6 0.6 0.6 0.6 -0.5 -0.6 -1.1 

Kinematic 2.0 2.3 2.1 2.2 2.6 1.6 1.8 -1.2 -1.4 -2.2 

A
Es-G101

Watts 0.6 0.6 0.6 0.6 0.6 0.6 0.6 -0.4 -0.5 -1.1 

Kinematic 0.9 1.0 0.9 0.9 1.1 0.8 0.9 -0.6 -0.7 -1.3 

B
Es-K5

Watts 2.2 2.5 2.3 2.4 2.5 1.9 2.1 -1.4 -1.5 -2.1 

Kinematic 3.6 3.9 3.7 3.8 3.8 3.7 4.0 -3.6 -3.7 -3.7 

B
Es-K6

Watts 1.1 1.2 1.2 1.2 1.2 1.0 1.0 -0.7 -0.8 -1.3 

Kinematic 2.0 2.3 2.1 2.1 2.3 1.7 1.9 -1.4 -1.5 -2.2 

B
Es-K7

Watts 1.4 1.7 1.5 1.5 1.7 1.1 1.2 -0.9 -1.0 -1.6 

Kinematic 2.1 2.3 2.1 2.2 2.6 2.2 2.4 -1.5 -1.6 -2.4 

C
Es-T2

Watts 1.4 1.8 1.4 1.6 1.8 1.1 1.4 -1.3 -1.4 -2.2 

Kinematic 3.2 3.7 3.3 3.5 3.6 3.7 3.9 -2.4 -2.5 -2.8 

C
Es-T8

Watts 1.3 1.7 1.2 1.3 1.6 0.9 1.1 -1.0 -1.0 -1.7 

Kinematic 1.8 2.1 1.9 2.0 2.1 2.4 2.5 -1.7 -1.9 -2.6 

C
Es-T13

Watts 0.9 1.2 0.9 1.0 1.3 0.9 0.9 -0.6 -0.7 -1.3 

Kinematic 1.8 2.0 1.8 1.8 2.1 2.3 2.4 -1.5 -1.6 -2.3 

C
Es-T14

Watts 0.8 0.9 0.9 0.9 0.9 0.8 0.8 -0.6 -0.7 -1.2 

Kinematic 2.0 2.4 2.1 2.2 2.4 1.9 2.0 -1.5 -1.6 -2.1 

T.P.(m)+0.15m, -0.17m +0.49m

1 TP+8.5m TP 0~+8.5m

1

Open

A
Es-G3

Watts 1.2 1.3 1.2 1.2 1.3 1.3 1.3 -0.6 -0.7 -1.3 

Kinematic 2.6 3.0 2.8 2.8 3.2 2.3 2.4 -1.4 -1.5 -2.4 

A
Es-G101

Watts 1.2 1.2 1.2 1.2 1.2 1.2 1.2 -0.6 -0.7 -1.2 

Kinematic 1.5 1.6 1.5 1.5 1.7 1.5 1.6 -0.8 -0.9 -1.5 

B
Es-K5

Watts 2.8 3.1 3.0 3.0 3.1 2.6 2.8 -1.5 -1.6 -2.3 

Kinematic 4.3 4.5 4.4 4.4 4.4 4.4 4.6 -3.7 -3.8 -3.8 

B
Es-K6

Watts 1.7 1.9 1.8 1.8 1.9 1.6 1.7 -0.8 -0.9 -1.5 

Kinematic 2.6 2.9 2.8 2.8 2.9 2.3 2.5 -1.5 -1.7 -2.4 

B
Es-K7

Watts 2.1 2.4 2.1 2.1 2.3 1.7 1.8 -1.1 -1.2 -1.8 

Kinematic 2.7 3.0 2.8 2.8 3.2 2.8 3.0 -1.7 -1.8 -2.5 

C
Es-T2

Watts 2.0 2.4 2.1 2.2 2.5 1.8 2.0 -1.5 -1.6 -2.4 

Kinematic 3.8 4.3 4.0 4.1 4.3 4.3 4.5 -2.5 -2.6 -2.9 

C
Es-T8

Watts 2.0 2.3 1.9 1.9 2.3 1.6 1.7 -1.2 -1.2 -1.9 

Kinematic 2.5 2.7 2.5 2.6 2.8 3.0 3.1 -1.9 -2.0 -2.8 

C
Es-T13

Watts 1.5 1.8 1.6 1.6 1.9 1.5 1.5 -0.8 -0.9 -1.4 

Kinematic 2.4 2.6 2.4 2.5 2.8 2.9 3.0 -1.7 -1.8 -2.5 

C
Es-T14

Watts 1.4 1.5 1.5 1.5 1.6 1.4 1.5 -0.7 -0.8 -1.4 

Kinematic 2.7 3.1 2.8 2.9 3.0 2.6 2.7 -1.6 -1.8 -2.3 

8.5 3.5 3.5 3.5 3.5 8.0 8.0 -3.2 -3.2 -3.5

22



6.3.1 1

(1998)(49)

(1999)(51)

11.4km 10.2km

6.25m 3.125m

0.10

(1998)(49) 1% 5%

(1999)(51) 1%

0.117mm

2.686g/cm3 

1.03g/cm3

0.4 (1992)(59)

0.03 (2002)(8)

T.P.±0.0m

3.0

(2016)(8)

23



6.3.1 2

(1998)(49) (1999)(51)

(1996)(50) (1999)(51)

(1999)(51)

log-wake (
wake )

0
)-(1

SE

x

Q

t

Z
0

1

1 SE

x

Q

t

Z

0
)(

D

SE

x

UC

t

C
0

)()( SE

x

MC

t

DC SS

35.1
*21 sgdQ35.1

*80 sgdQ

sgdE 2
*012.0

z
z k

wD
Uk

Qw
E

exp1

)-(1)1( 2

wCSbwCS

3/12
* /DUUgnu

1)/ln(// 0* ZhUu

Z (m) t (s) x Q (m3/s/m) 
(g/cm3) (g/cm3) s 1 

g (m/s2) d (mm) U (m/s)  D (m) 
 Manning =0.03m 1/3 s (2016)(8)

w Rubey (m/s) 
=0.1 (1998)(49)

kZ u* h (1998) (49) (m2/s) 
=0.4 (1998)(49)

h m Z0 (=ks/30)(m)  ks (=d)(m) 
C Cb (kg/m3) 
Cs (kg/m3) =0.4 (1992)(59)
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6.2.4

30



(1984) ( 1 2 )

6.2.5 1983

31



(1994) ( 1 3 ) (1994)  ( 1 4 )

(1997)  ( 1 5 ) (1994)  ( 1 6 )

6.2.6 1993

32



1983

1993

6.2.7

n K
1983 259 1.01 1.37 

1993 153 1.01 1.37 

33



(1998)(17)

W
 L/W=1.5

L  22.5km 1

1 Wt He 15km 90°(45 90°
MW ) Wt=He

Lt Lt=1.5Wt=22.5km

Lt Dt

D 2

D=Dt×(L/Lt)

M0
10 N/m2

M0= DLW

M0 MW

(Kanamori(1977)(18))
MW=(logM0 9.1)/1.5

(1989)(19) Ht
3

logHt=MW 5.55+C
C=0.2( )

2  Dt
MWt=(logLt+3.77)/0.75=6.83 M0t=10(1.5Mwt+9.1)=2.21×1019Nm

10N/m2 Dt=M0t tWt)=1.87m

(1998)(17)

M0

 logM0=2.0logL+16.64
 L D W=const

L  22.5km 1

3  logr0=0.5MW 2.25 r0 r0 logHr=0.5MW 3.30+C
  C=0.2 Hr

6.2.8
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6.2.9
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6.2.10

131km  

131km 

36



6
.2

.1
1

(2
3

)
 

(2
3

) 

F
A

R
2

1

37



6
.2

.1
2

(2
0

1
2

) 
(2

0
)

2
4

9
3

38



6
.2

.1
3

A
+
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6.2.17 (1) Es-G3

( 1,000m 20m) 

(17.7km) 

( 650m 60m) 

(3.8km) 

(21.2km) 

1 .4km3

5  

43



6.2.17 (2) Es-K5

( 1,190m 30m) 

(15.2km) 

( 830m 130m) 

(6.2km) 

(9.6km) 

2 .6km3

44



6.2.17 (3) Es-T2

(5.9km) 

(6.0km) 

(7.0km) 

( 800m 110m) 
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