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1980-2000

)()/10( 6 cmsaQdayTQ b
s .......................................................................... (2-1) 

: a=2.995, b=1.516 

: a=6.39E-4, b=2.956

(2004) NETSTARS 
10-50% 10%
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(d) Van Rijn  (a) (d)
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Engelund and Hansen Meyer-Peter and Muller
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2006 5 26
9 3.1 3.3 3.4 1997

2005

3.1 1997~1999 20
1997 1998 1999 

( ) (cm) (cm) (cm) 

M2 12.42 100.04 312.74 98.84 313.08 102.69 314.27
S2 12 28.76 350.57 28.13 349.92 27.8 351.56
K1 23.93 21.07 245.17 20.81 243.03 20.7 239.44
O1 25.82 18.43 210.19 18.03 209.86 17.45 208.51
N2 12.66 19.38 284.64 18.97 285.86 18.62 285.51
K2 11.97 8.42 346 7.53 346.94 7.79 353.85
P1 24.07 6.42 238.99 6.66 236.31 6.13 244.4 

NU2 12.63 4.93 295.33 5.32 299.78 5.76 300.95
L2 12.19 5.55 10.72 4.97 354.21 4.89 350.46

Mu2 12.87 4.27 109.07 4.21 103.5 3.54 100.84
Q1 26.87 3.75 186.29 4.02 194.79 4.08 180.96
M4 6.21 2.79 240.57 2.82 249.91 3.42 246.09

LDA2 12.22 2.32 344.04 2.28 354.67 2.8 341.3 
Mf 327.86 2.07 331.08 2.15 241.38 3.66 163.12
Mm 661.31 1.35 95.48 2.01 134.67 2.15 254.98
MS4 6.10 2.06 275.85 1.93 276.64 3 278.09
2N2 12.91 1.36 280.72 1.71 216.36 2.84 246.45

MsM 763.49 1.35 15.9 1.45 221.17 1.31 47.8 
MkS2 12.39 1.09 219.56 1.38 164.7 1.31 315.7 
EPS2 13.13 1.17 72.84 1.24 90.2 2.12 57.13 
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3.2 2000~2002 20
2000 2001 2002 

( ) (cm) (cm) (cm) 

M2 12.4206 100.82 228.38 101.58 211.85 98.22 210.04
S2 12 28.8 353.2 29.04 352.6 29.15 350.71
K1 23.93447 22.79 250.26 22.73 259.82 24.54 256.67
O1 25.81934 20.81 113.64 19.34 82.13 22.73 86.75 
N2 12.65835 19.48 30.5 20.16 21.88 19.72 23.28 
K2 11.96724 10.1 5.07 9.46 19.17 10.41 15.22 
P1 24.06589 6.71 240.44 6.92 242.74 7.05 242.99
L2 12.19162 6.22 90.21 5.29 47.43 4.61 55.5 

Mu2 12.87176 4.95 293.3 4.11 257.88 4.24 252.41
Nu2 12.626 4.63 285.58 5.75 250.93 5.51 243.35
Q1 26.86836 4.11 290.36 4.39 263.61 4.77 268.09
2N2 12.90537 3.73 193.7 2.47 225.06 0.77 172.92

LDA2 12.22177 2.71 182.18 2.36 199.08 2.31 187.57
SSa 4382.889 2.55 214.7 5.64 312.53 1.21 233.37
M4 6.210301 2.4 74.58 2.5 38.15 2.52 35.67 
Mf 327.8592 2.04 40.35 1.14 30.78 1.99 11.91 

MS4 6.103339 1.91 192.84 1.99 184.62 1.67 176.64
MsM 763.487 1.63 225.25 1.83 107.27 2.67 290.82

J1 23.09848 1.47 73.51 1.21 94.16 1.32 80.46 
MsN2 11.78613 1.09 51.28 1.01 38.44 0.81 49.19 
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3.3 2003~2005 20
2003 2004 2005 

( ) (cm) (cm) (cm) 

M2 12.4206 97.84 209.81 96.27 208.34 96.4 207.41
S2 12 29.3 351.86 28.94 351.83 29.28 351.92
K1 23.93447 26.08 252.38 26.07 245.81 26.33 241.19
O1 25.81934 24.49 93.2 25.12 102.3 25.72 107.81
N2 12.65835 18.85 23.43 18.71 20.76 18.11 20.61 
K2 11.96724 12.56 6.13 13.07 354.91 13.62 345.13
P1 24.06589 7 243.08 7.11 241.1 6.95 239.36
Q1 26.86836 5.27 271.13 5.44 276.44 5.19 283.53
Nu2 12.626 5.23 245.82 4.98 250.23 5.54 248.29
SSa 4382.889 5.1 356.23 5.07 321.77 0.91 345.43
L2 12.19162 4.95 61.03 5.54 52.29 5.55 42.29 

Mu2 12.87176 4.31 250.24 4.37 247.42 4.53 247.84
2N2 12.90537 2.84 154.13 4.52 186.07 3.27 230.54

LDA2 12.22177 2.42 198.23 2.38 192.85 2.11 200.16
OO1 22.30607 2.4 98.55 1.28 53.27 1.83 24.47 
No1 24.83325 2.34 116.94 1.09 100.87 0.91 40.44 
M4 6.210301 2.32 35.79 2.41 31.05 1.89 34.07 

MS4 6.103339 1.7 173.37 1.72 175.27 1.54 178.44
J1 23.09848 1.42 89.46 1.62 73.99 1.69 72.73 

EPS2 13.12727 1.38 81.69 0.82 54.8 1.04 8.53 

2M 2S

1K 1O
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3.4 1997~2005 20
1997~2005

( ) (cm) ( ) (cm) 

M2 12.42 102.95 312.60 MU2 12.87 4.70 100.81
S2 12.00 29.16 351.66 Q1 26.87 3.67 193.28
K1 23.93 21.54 241.09 SSA 4382.89 2.64 312.74
N2 12.66 19.84 285.81 M4 6.21 2.56 242.21
SA 8766.55 18.76 207.18 LDA2 12.22 2.52 352.94
O1 25.82 18.14 213.18 2N2 12.91 2.47 257.48
K2 11.97 8.29 344.11 H2 12.40 1.95 261.81
P1 24.07 6.98 240.06 T2 12.02 1.82 350.84

NU2 12.63 5.44 296.31 MS4 6.10 1.78 279.03
L2 12.19 5.10 10.35 EPS2 13.13 1.28 60.52 

3.2 Empirical Mode Decomposition

( ,1998, EMD)

Intrinsic Mode Functions IMF
IMF

EMD
EMD

   EMD cubic spline )(tX
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111)1(1 chmh kkk                 (3.3) 

IMF

(
)

1c

1r

11)( rctX                                     (3.4)

1r

ir

221 rcr                  (3.5) 

nnn rcr 1
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nr IMF nr

n

n

i
i rctX

1
)(                (3.6) 

n (empirical modes)
(mean trend)

IMF

EMD

(HA) (EMD)
3.5

4.2 2001 10

36 3.1
3.5 3.2

3.6 ( 12 )

3.2 IMF (C1,C2)
IMF(C6)

IMF 3.3

IMF (C1,C2,C6) 3.4 3.5
EMD(C3+C4+C5) ( ) 3.4

EMD
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3.5 01.0 3.5

025.0 EMD EMD

3.5 10

( ) (m) 

M2 0.080511 12.42 1.027 211.80 

S2 0.083333 12.00 0.293 352.17 

K1 0.041781 23.93 0.229 259.66 

N2 0.078999 12.66 0.203 22.07 

O1 0.038731 25.82 0.200 82.31 

K2 0.083561 11.97 0.097 21.72 

P1 0.041553 24.07 0.069 242.77 

Nu2 0.079202 12.63 0.058 252.46 

Ssa 0.000228 4382.89 0.058 311.49 

L2 0.082024 12.19 0.054 47.93 
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3.1 (36 )

3.6

( )
(m) (m)

(m) 

Z0  0  0 180   
M2 12.42 1.027 211.80 1.000 260.47 -0.027 48.67 
S2 12 0.293 352.17 0.293 347.94 0.000 -4.23 
K1 23.93 0.229 259.66 0.248 105.56 0.019 -154.10 
N2 12.66 0.203 22.07 0.197 150.46 -0.006 128.39 
O1 25.82 0.200 82.31 0.227 56.39 0.027 -25.92 
K2 11.97 0.097 21.72 0.118 321.47 0.021 299.75 
P1 24.07 0.069 242.77 0.069 203.97 0.000 -38.80 

Nu2 12.63 0.058 252.46 0.057 146.20 -0.001 -106.26 
Ssa 4382.89 0.058 311.49 0.058 47.40 0.000 -264.09 
L2 12.19 0.054 47.93 0.049 81.22 -0.005 33.29 
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3.2 IMF( m)
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3.4 EMD

3.5

EMD
IMF
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IMF 31~36
2000/11/26~12/31 ( 3.6) 864
3.7 IMF

EMD IMF
IMF 3.8

IMF1 2 7
EMD

EMD

(11/26~12/31)
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3.6 2000/11/26~12/31
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3.7 2000/11/26~12/31 IMF
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3.3

( 2004)

EMD
2000 2001

10~15
31~36

3.9 4.10 1997 2005
3.9

20

40 ( 3.10 )

20~40 3.11
3.12 IMF

( 3.13 3.14 ) 2000
3.13

EMD
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3.11 IMF( )
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(9/8~9/10,9/13~9/19) (9/23~9/28)
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3.7  1997~2002  ( )

HA EMD HA EMD 
8/16~19 1 116.8 57.7 160.1 87.6 
8/27~30 31997

8/29~30 --
28.4 10.5 73.6 12.0 

7/9~10 9 22.4 4.5 33.5 5.8 
8/3~5 3 29.0 3.5 41.5 2.6 

9/27~29 6 22.7 7.0 46.8 8.7 
10/13~17 6 73.4 19.0 226.6 81.7 

1998

10/25~27 9 17.2 17.5 115.5 39.6 
1999 10/4~9 7 43.1 15.2 55.3 31.9 

7/6~10 6 25.6 9.2 34.3 16.2 
8/21~23 3 17.8 2.0 29.3 30.5 
8/27~30 6 19.8 23.1 46.7 48.5 
9/8~10 19.2 30.0 41.5 21.5 

10/23~26 -- 20.0 15.0 N/A N/A 
10/30~11/1 6 68.0 24.0 144.8 79.8 

2000

11/6~7 -- 35.0 16.0 10.9 4.4 
5/11~13 8 13.9 2.9 9.4 3.4 
6/22~24 7 38.3 7.9 54.6 10.5 
7/3~5 5 48.3 21.3 60.3 33.9 

7/10~11 4 28.4 2.1 26.1 2.3 
7/23~24 -- 20.3 4.6 37.9 23.6 
7/28~31 3 22.5 2.0 38.9 4.3 
9/8~10
9/13~19

38.0 14.0 221.0 109.2 

9/23~28 4 16.0 7.0 86.9 19.8 

2001

10/15~16 -- 42.4 30.4 90.8 57.9 
7/2~4 -- 60.9 27.7 83.7 41.4 
7/9~10 9 29.8 5.0 44.0 0.4 2002

9/4~8 1 73.6 30.3 78.3 49.5 
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3.8 2003~2005  ( )

HA EMD HA EMD 
4/21~24 -- 6.9 8.2 12.4 6.6 
6/1~3 -- 12.7 0.4 20.4 2.8 

6/16~18 -- 19.0 2.4 28.5 5.0 
8/2~4 4 33.1 3.4 28.8 2.7 

8/19~20 -- 35.4 6.0 33.6 4.4 
8/22~23 -- 28.5 5.5 26.8 2.7 
8/31~9/2 5 38.9 7.4 37.2 10.6 

2003

11/2~3 8 15.2 5.5 14.5 6.1 
6/7~9 -- 15.8 5.8 26.2 23.5 

6/28~7/3 6 20.3 13.5 41.3 15.1 
7/14~15 5 3.7 5.1 8.1 4.9 
8/10~13 -- 46.4 32.7 58.6 33.5 
8/23~26 1 83.3 73.3 224.5 104.8 
9/11~13 6 12.6 11.6 82.4 39.4 
9/26~27 -- 14.1 11.1 32.6 22.1 
10/23~26 6 50.3 12.8 101.2 55.7 

2004

12/3~4 9 18.0 18.4 84.7 48.1 
7/16~20 3 47.9 13.9 119.8 43.1 
8/11~13 -- 36.2 11.8 38.6 12.5 
8/30~9/1 3 54.2 24.0 122.8 53.5 
9/9~11 -- 43.0 6.4 44.6 15.8 
9/21~23 -- 22.1 3.1 77.9 19.5 

2005

9/30~10/3 3 26.8 15.9 34.6 8.9 

N/A
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3.4

( 3.9)
121.5 45.5 61

( 3.15 ) 2
100 61 100

6.25 ( 43.9
19.4 )

3.15

(Banner, S18U)
3.15 3.16 ( 1)

Z ( ) X ( ) X=0
22.5 47 72.5 95 X=47

( 3) X=72.5 ( 4) (Kenek,VM-801H 
VMT2-200-04P)
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3.9

 L(m) B(m) H(cm) V(cm/s) T(min) 

8000 500 800 80 720 

1 0.0625 10 8.94 
0.80

(48.3sec)

9
2

1
0.3 0.2 27

20 /

3.15

3.16
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3.5

1 5 EMD
3.17~3.21

9
9.6

3.22
X

1~2 1.14
2~3 0.20 3~4 0.03 4~5

-0.01 1~2 1

3.10 3.11 3 4
0.844~0.999

0.21~0.25 2

2
( 90 ) 3.23 /T

1/4

3.24~3.26
- 0.988 0.971 0.994
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3.10 3
(cm) (s) /T (cm) (s) /T

1 0.993 0.25 4.9 0.972 0.24
1.3 0.994 0.25 5.2 0.998 0.25
1.6 0.974 0.24 5.5 0.975 0.24
1.9 0.961 0.24 5.8 0.989 0.25
2.2 0.998 0.25 6.1 0.971 0.24
2.5 0.976 0.24 6.4 0.977 0.24
2.8 0.999 0.25 6.7 0.968 0.24
3.1 0.971 0.24 7 0.943 0.24
3.4 0.934 0.23 7.3 0.986 0.25
3.7 0.938 0.23 7.6 0.887 0.22
4 0.955 0.24 7.9 0.992 0.25

4.3 0.971 0.24 8.2 0.974 0.24
4.6 0.988 0.25    

3.11 4
(cm) (s) /T (cm) (s) /T

1 0.954 0.24 4 0.910 0.23
1.3 0.908 0.23 4.3 0.908 0.23
1.6 0.986 0.25 4.6 0.931 0.23
1.9 0.965 0.24 4.9 0.908 0.23
2.2 0.984 0.25 5.2 0.956 0.24
2.5 0.981 0.25 5.5 0.937 0.23
2.8 0.967 0.24 5.8 0.936 0.23
3.1 0.975 0.24 6.1 0.960 0.24
3.4 0.844 0.21 6.4 0.969 0.24
3.7 0.919 0.23 6.7 0.939 0.23



3-34

0

1

2

3

4

5

6

7

8

9

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

(c
m

)

3

4

3.23 /T

1265 1270 1275 1280 1285 1290 1295 1300
-10

0

10

(c
m

/s
)

1265 1270 1275 1280 1285 1290 1295 1300
8

10

12

(s)

(c
m

)

4.6cm

3.24 - ( , )



3-35

1885 1890 1895 1900 1905
-4

-2

0

2

4
(c

m
/s

)

(s)
1885 1890 1895 1900 1905

11.2

11.4

11.6

11.8

12

(c
m

)

6.1cm

3.25 - ( , )

160 162 164 166 168 170 172 174 176 178 180
-3

-2

-1

0

1

2

3

4

(c
m

/s
)

160 162 164 166 168 170 172 174 176 178 180
9.4

9.6

9.8

10

10.2

10.4

10.6

10.8

(S)

(c
m

)

1.3cm

3.26 - ( , )



3-36

0 1 2 3 4 5 6 7
-200

0

200

(c
m

)

0 1 2 3 4 5 6 7
-200

0

200

(c
m

/s
)

3.27 - ( , )
( =0.118 /T=0.228)



4-1

90%
5% 80%

(Dyer, 1994) 109

T/yr. 30% 2~3

5-7mm (Liew, P.M. et al., 
1993) 3-6 mm/yr ( Dadson et al., 2003)

250m, 800m

2.7-5.9%( 2003) (2000)

95%
5% ( personal communication)

4.1

(96 ) 3 13 8 6
4.1 (93/03/13)

(KD-07)
(KD-02 KD-03)

95 (KD-00~ KD-13)
KD-02 KD-13

GPS

72
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KD-07
KD-03

95 11
( 4.14) ( 4.15)

0.014~0.158mm
0.019mm 0.013mm 94 0.137mm

( 4.2 4.4~4.6 8~13)
8 3

4.16 KD-8 9 10

KD-11 12 13
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4.1 96 3 13

N/A:

4.2 96 8 6

N E 
D50(mm)  Cu Cc

#200
(%)

4 m
(%)

KD-02 25 5.763' 121 29.475' 0.020 9.73 N/A N/A 83.27 26.14 
KD-03 25 6.196' 121 28.374' 0.013 N/A N/A N/A 71.51 29.51 
KD-04 25 6.553' 121 27.561' 0.011 N/A N/A N/A 92.03 31.59 
KD-05 25 6.273' 121 29.816' 0.178 N/A N/A N/A 18.03 N/A 
KD-06 25 6.838' 121 29.585' 0.158 2.81 18.89 6.30 20.73 7.55 
KD-07 25 6.637' 121 28.501' 0.157 3.35 25.75 7.34 23.37 8.43 
KD-08 25 7.538' 121 27.425' 0.064 11.91 N/A N/A 59.67 21.15 
KD-09 25 8.585' 121 27.282' 0.137 2.26 15.23 5.94 20.22 6.55 
KD-10 25 9.578' 121 26.854' 0.282 1.52 2.08 1.09 1.39 N/A 
KD-11 25 10.031' 121 26.133' 0.124 3.04 13.98 4.81 25.47 6.98 
KD-12 25 10.329' 121 25.337' 0.509 1.47 1.98 1.06 1.73 N/A 
KD-13 25 10.767' 121 24.192' 0.156 1.94 2.45 0.75 2.93 N/A 

N/A:

N E 
D50(mm)  Cu Cc

#200
(%)

4 m
(%)

KD-02 25 5.763' 121 29.475' 0.022 N/A N/A N/A 93.73 27.44 
KD-03 25 6.196' 121 28.374' 0.019 N/A N/A N/A 96.85 28.62 
KD-07 25 6.637' 121 28.501' 0.008 N/A N/A N/A 84.19 39.64 
KD-08 25 7.538' 121 27.425' 0.009 N/A N/A N/A 97.13 35.02 
KD-09 25 8.585' 121 27.282' 0.122 3.38 26.80 7.72 29.66 9.14 
KD-10 25 9.578' 121 26.854' 0.257 1.47 1.81 0.99 1.01 N/A 
KD-11 25 10.031' 121 26.133' 0.227 5.84 67.54 5.07 27.47 9.46 
KD-12 25 10.329' 121 25.337' 0.213 3.32 22.64 3.87 21.65 6.29 
KD-13 25 10.767' 121 24.192' 0.255 2.49 12.66 2.69 15.55 3.94 
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