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Fig. 1. Location of the observation station in

Suonada sound.
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Table 1.
rents at the levels one meter below the sea surface

Harmonic constants of tidal level and cur-

and one meter above the floor. The durations of
data are from 0 : 00 hours on the 18th of August to
0 : 00 hours on the 2nd of September, 2007.

Current(S=1m) [cm/s]

Period[hr] Major Minor Ellipticity Orientation Phase lag
Mean 1.851 142.7
o1 25.714 3.559 1.989 0.559 295.4 98.462
K1 24 4.949 2.231 0.451 284.4 266.078
M2 12414 15.104 0.933 0.062 84.67 120.564
S2 12 9.052 0.023 0.003 85.16 58.379

Current(B+1m) [cm/s]
Ellipticity Orientation Phase lag

Period[hr] Major Minor

Mean 0.597 314.4
o1 25.714 2.449 0412 0.168 239.9 176.594
K1 24 2.314 0.378 0.163 2271 355.057
M2 12414 131 0.329 0.025 102.5 97.836
S2 12 7.355 0.528 0.072 102.8 33.515
Tide [m]
Period[hr] Amplitude Phase lag
Mean 11.494
o1 25.714 0.243 183.827
K1 24 0.268 351.7
M2 12.414 0.972 16.83
S2 12 0.574 316.381
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Fig. 2. Temporal variations of tidal level, current speed and turbidity at the level of one meter from the
basin floor at the stationary station. The duration is from 0 : 00 hours on the 18th of August to 0 : 00
hours on the 2nd of September in 2005(a)and the same duration in 2007 (b).
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Fig. 3. Temporal variations of tidal level, vertical profile of turbidity near the basin floor and current
speed at one meter above the floor during two days at the spring tide. (a) is from 0 : 00 hours on the
21st to 0 : 00 hours on the 23rd of August, 2005 and (b) is from 0 : 00 hours on the 30th of August to
0 : 00 hours on the first of September, 2007.
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Wb EkIICRA S, TOHENG bEINERE NS L,
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CHaThd, hFMRRcHBE BN TV 51
RZ2, &oicfimnd BaE, 2006Fc8VTE, i
NOMmAMIZVENS 20em/s FIETEHEDOE -7 &
Rz oFTHIn L Tw a8, 2007 FEiTB VW TIE, MR
K EhZEnEE > 7T, 2005 FEOBE I~
K&EL, 0em/siETbEE bbb, EFMEEEE T
AR O BAAE7S HER I3IREE T b 205, RN O RGK (A3 1 i)
BT 2Tem/s FREFICE 2 & 2 & 20em/s B0 & X035
2, FUHEhOMETh, Fmkk b & LT,
HSEPE LS REWTENHER b,

3.2 KBEIDF RN & EEDRMENT

W EEEOEEORGEE S SICFEL L Rb o,
AR 72 AR B ASBAE 1T 12 2 KRB W T, KEoiih
LIEE ORI 21T - 720 Table 2.2, #WINL & g
Im (S—1m) &#EE1Im (B+1lm) O#FE~7 b
VO FRITRE S AR T, 2005 FE0 7 — 2 8 A 21 H
05 8 H 23 H 140 /p & T, F4, 2007438 H
OHOE»S9H1IHIE4L09FETT, &656 6K
o M2 @< 4 4 (Fig. 3(a) & Fig. 3(b) %
ZIR) ITHMT B SEHIRRSMICEI L Tld, 2005 413 3
ERIBRAZ L, KhbBHWIZRZD, ol
WY UNAOER T & snNTwb T &, oF D,
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Table 2. Harmonic constants of tidal level and currents at the levels one meter below the sea surface
and one meter above the floor at the spring period. The durations are from 0 : 00 hours on the 21st
to 1 : 40 hours on the 23rd of August in 2005 and from 0 : 00 hours on the 30th of August to 1:

40 hours on the 1st of September in 2007.

2005 Spring tide
Current(S—1m)

2007 Spring tide
Current(S—1m)

Period(hour) Major Minor Ellip. Orient1 Orient2 Phase lag Period Major Minor Ellip. Orient1 Orient2 Phase lag
Mean 9.416 135.359 Mean 3.482 259.736
49.667 1.181 0.112 0.095 —-229.535 40.465 172.441 MO 3.205 0.404 0.126 23.173 —66.827 101.888
24833 2.82 1.894 0.672 -28.779 61.221 115.714 M1 5.633 3.693 0.656 -175.419 —-85.419 142.566
12.417 27.983 3.037 0.109 76.832 -193.168 35.951 M2 27.025 0.31 0.011 70.565 —-199.435 33.958
8.278 0.861 0.202 0.235 34.466 -55.534 124.766 M3 0.947 0.283 0.298 -65.637 -155.637 22.21
6.208 2.65 0.433 0.163 81.596 -188.404 167.381 M4 2.725 0.047 0.017 84.062 -185.938 166.298
4.139 1.511 0.604 04 —-87.51 -177.51 98.993 M6 1.658 0.294 0.178 -58.053 -148.053 100.105
3.104 0.883 0.208 0.235 -251.461 -161.461 59.635 M8 0.751 0.216 0.288 -55.699 -145.699 170.187
2.069 0.307 0.204 0.664 4.822 -85.178 101.486 M12 0.492 0.444 0.902 -73.453 -163.453 165.394
Current(B+1m) Current(B+1m)
Period Major Minor Ellip. Orient1 Orient2 Phase lag Period Major Minor Ellip. Orient1 Orient2 Phase lag
Mean 2.538 153.862 Mean 0.571 39.251
49.667 1.432 0.168 0.117 -121.187 -31.187 38.713 MO 4.951 1.27 0.257 -132.582 —-42.582 113.455
24833 1.734 0.386 0.222 -180.604 89.396 111.05 M1 2.943 0.904 0.307 -113.704 —-23.704 29.259
12.417 20.793 1.874 0.09 -70.66 -160.66 178.168 M2 23.004 0.453 0.02 -253.982 -163.982 1.828
8.278 0.751 0.102 0.136 -113.902 -203.902 90.965 M3 0.816 0.328 0.401 -61.31 28.69 9.238
6.208 2.647 0.099 0.038 —260.485 9.515 153.026 M4 2.36 0.055 0.023 61.853 -208.147 164.95
4.139 2135 0.441 0.207 -69.386 -159.386 65.444 M6 2.529 0.636 0.252 -82.177 -172.177 91.027
3.104 0.956 0.314 0.328 -69.401 20.599 169.82 M8 0.432 0.077 0.177 -30.34 59.66 102.958
2.069 0.723 0.283 0.391 -12.331 77.669 93.049 M12 0.544 0.251 0.461 —26.404 63.596 49.015
Tide Tide
Period Amplitude Phase lag Period Amplitude Phase lag
Mean 11.541 Mean 11.482
49.667 0.059 21.91 Mo 0.05 316.974
24.833 0313 41.321 M1 0.112 30.657
12.417 1.647 288.547 M2 1.649 288.032
8.278 0.043 88.589 M3 0.048 103.375
6.208 0.074 93.785 M4 0.057 96.955
4139 0.029 159.865 M6 0.03 165.3
3.104 0.009 95.567 M8 0.009 77.899
2.069 0.009 63.542 M12 0.007 58.963
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Table 3. Harmonic constants of turbidity at the four levels near the basin floor measured by C/T

L LT e Y . S

tower. (a) 2005 and (b) 2007. The durations are the same as Table 2.

Speed(cm/s) 2005 Turbidity(ppm) 2005
B+2m B+2m
Period Amplitude Phase lag Period(hour) Amplitude Phase lag
Mean 16.767 Mean 14.647
M1 0.669 222.639 24.833 1.934 260.14
M2 2.342 38.106 12.417 3.346 105.253
M4 8.544 352.108 6.208 4.247 23.629
M6 2.765 175.567 4139 0.777 196.57
B+1.5m B+1.5m
Period Amplitude Phase lag Period Amplitude Phase lag
Mean 15.555 Mean 15.22
M1 0.766 219.209 24.833 2.001 254222
M2 1.951 34.732 12.417 3515 101.607
M4 7.806 347.776 6.208 4.658 18.208
M6 2.342 170.902 4.139 0511 175.702
B+im B+1m
Period Amplitude Phase lag Period Amplitude Phase lag
Mean 14.31 Mean 17.667
M1 0.824 210.781 24.833 2702 257.568
M2 1.458 38.83 12.417 4579 106.551
M4 7.122 346.768 6.208 5.321 11.438
M6 1.868 166.772 4.139 0.907 168.28
B+0.5m B+0.5m
Period Amplitude Phase lag Period Amplitude Phase lag
Mean 12.073 Mean 19.933
M1 0.802 199.705 24.833 3.425 250.464
M2 0.759 111.998 12.417 5.366 107.978
M4 6.069 346.733 6.208 6.206 3.416
M6 1.093 155.576 4.139 1.001 172.442 (a)
Speed(cm/s) 2007 Turbidity(ppm) 2007
B+2m B+2m
Period Amplitude Phase lag Period(hour) Amplitude Phase lag
Mean 188 Mean 12.468
M1 3.029 164.088 24.833 3.091 272.825
M2 1.978 67.892 12.417 5.408 227517
M4 9.258 747 6.208 211 34.855
M6 2241 188.788 4139 1.261 2438
B+1.5m B+1.5m
Period Amplitude Phase lag Period Amplitude Phase lag
Mean 17.33 Mean 10.056
M1 2.187 159.365 24.833 0.891 107.082
M2 1.388 142.6 12.417 4.099 211.983
M4 9.363 358.311 6.208 3314 25.658
M6 1.366 173.272 4139 1.218 199.923
B+lm B+im
Period Amplitude Phase lag Period Amplitude Phase lag
Mean 15.763 Mean 12.929
M1 1.88 163.995 24.833 0.805 74.141
M2 0.896 137.21 12.417 5.509 192.163
M4 8.472 354.105 6.208 3.631 19.589
M6 0.948 177.141 4139 1.14 207.645
B+0.5m B+0.5m
Period Amplitude Phase lag Period Amplitude Phase lag
Mean 13.275 Mean 15.603
M1 1.669 163.229 24.833 1.968 232.954
M2 1.114 156.54 12.417 7.423 181.218
M4 6.815 351.824 6.208 4.118 356.873
M6 0.595 168.999 4139 0.696 228813

(b)



FITRIC & 2 PR & SS Flux 21

WBEERDIEMTE D, EWED M2 mE S 12>
Wi, M4#EMRSO LS 7oz TiEEl, &
L) i Lc ki, 2005 FEo M2 A OZE) I,
T LA < T L ) < 78 - I & ISl W AR &
RLTO S, RE LT, TUEIRICERO G SR
DEWVIK SR A CBIAIE S ZE Y, RERIC s
DIBE DR VHFKDIR > TRD E WD T LT D, i)
i & T OB E & W 3, Senjyu et al. (2001) 1Zd
TENTVWB LI, TOXHEKFENEIER G
LB bDEEZEZ D, —7, 2007 H M2 #E o i
JE L 0.5m (B+0.5m) 283 90°1T4r W (iiH O i &
d, T D & LFmEc K& EERLT
BY, HOMBEDT» O b ETEEOEIRIC X 2 %
BT W EHERT B,

2005 4 & 2007 R B B @A O M2 # A #) o &
Wi, EEONEES EREE (D O X 5 i 2005 F o
HidEmnw &, 2005 ENHBREZGSEILPT
WIREEBICH b, R &N IR C R R ISR A8
- &SN 5, 2007 FISHEREICX 2EED
FRADBEEL I s ooz, BRI &N R O B
ANDORNRDECHIHIEICIS > e TREBEVAEEbN S,
(HET 5 (2009) (&, 2005 4F & 2007 FFE O] - — Z12H W
T, LUK N hEhT, Hhoms &R
OEAMXZERS L, Fin &EEoREEZ/RLIcH, Z
nick s &, 2007 T NI 3 AR ERL O E R
NS RIS 3R SR E EVRBIEA A ST,
2005 FFic BT iE, Mm@ cHBEtREVWL oD,
WadsE, L0 LB RSV &V FERE
BTwa,

SF 0, YKo KL Tid, BELHO M4
HIEIAR M IC A SN B & 5T, BITRIC & B FERE (S HAE
KRBD SN LA, FHEREORE R, NIEKLL & RS
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DERZ S SIFEL K WRIET 5 729, 2008 FFiCid, K
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/NE W9 AWIE) O RKEINC Vector izl 2 & E L T 25
e BE B 24T > 720 Vector FadFT 35 2 FIH L
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578, BUGHHE < AT B s 0, BEBYE LD
IS SR 7 8 2 B 72 4 Vector sz N &
[EIRFIT SS 1T & 2 HEEHEL R % [H] U g i il bs < 0E 9
LIENTED, Bii7 5 v 7 R 3REEWEIERE O
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SREE G ICIRIE L TR 0, WE 0K o R EE
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75w 7 A%EELL T EPHKkE, COEOBIHERTII
Pl A MIRICEE L, MBIEE1m IcES%2K- T 16 Hz
Ddife E — F Tt & EEHGELEE 2 WE L 7o R
(2007 ) o 15 HiEHRBATH W RED D DE
WEREET EIKE D 72D C/T 47— bHFH L, C
nod 1 HEodEEET— FTRIE L7, HEsoRiEEE
FEAD 51T - e, = OEELS EWHA TRET — 7 8
N7 5y 7 20T E 2 AR 9 H 2
HI128K: 3043259 A 3 H 13 ¥ 30 2@ 25 BT -
72

4.1 RNPEBEOEEEBAMBITER

RMAEERELPT VWL ST, C/T 47 —CTHllEEN
foiIE b 1 m O S EE S KON OKEIC X 5)
D, 9 2H 12K 5 9 A 3 H 14 ¥ F coOMRZE %
Fig. 4 1T/R Lico MINAEN AR 2 &, HEIAFZIER I
NE<, 1THOMI 2 A oBR Mg S shTn
ERBTENTELN, BWELHERSL L, HUH

cm/s, ppm
30

{ Tidal level

Turbidity

20

E-W comp
-30
12 15 18 21 0 3 6 9 12
Sep. 2 Sep. 3, 2008
Fig. 4. Temporal variations of tidal level, current

components and turbidity at one meter above the
floor during 26 hours at the spring tide of Septem-
ber, 2008.

ROBFH T 2 AW Z STV D EFSVEL,
Table4 (&, 9 H 2 H 12 I 30 535 5 24 5[] 50 43 %
FT (M2 #EBO 265 ot OkKH) &, #iH T~
Im &K E 1m oo ERTH 5, £
BN AR 2 &, HEBTH 5 ML EES OIRIE R,
M2 BRI T X THI 1/30 £ 75 - TH O, FFE

Table 4. Harmonic constants of tidal level and currents at the levels one meter below the sea surface
and one meter above the floor. The duration is from 12 : 30 hours on the 2nd to 13 : 20 hours on the

3rd of September in 2008.

Current S—=1m(cm/s)

Period Major Minor Ellipticity Orientation Phase lag
Mean 8.949 156.747
M1 4424 0.741 0.167 315.222 25.745
M2 23.721 1.453 0.061 77.747 30.144
M4 1.692 0.706 0.417 94.239 87.147
M6 1.573 0.251 0.159 304.017 84.729
M8 1.133 0.76 0.671 320.524 158.433
Current B+1m(cm/s)
Period Major Minor Ellipticity Orientation Phase lag
Mean 0.623 219.484
M1 1.672 0.687 0.411 16.1 168.886
M2 17.854 0.843 0.047 97.519 10.731
M4 1.423 0.224 0.158 67.918 169.253
M6 2.01 0.285 0.142 269.28 78.264
M8 0.624 0.262 0.42 221414 143.998
Tide(m)
Period Amplitude Phase lag
Mean 11.581
M1 0.043 124.061
M2 1.463 288.892
M4 0.042 88.107
M6 0.019 160.739
M8 0.007 58.444
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Fig. 5.
hours of September, 2008.
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Fig. 6. Temporal variation of the wind at the

AMeDAS in Kitakyushu airport.
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Table 5. Harmonic constants of current speed (a) and turbidity (b) of four levels near the floor for
12 hours 25 minutes from 12 : 30 hours on the 2nd of September, 2008.

12h—Harmonic 2008
Speed(B+2m), cm/s

Period(hour) Amplitude Phase lag
Mean 14.339
12.433 1.806 83.563
6.217 7.212 9.633
4144 0.718 200.169
3.108 2.537 254.657
Speed(B+1.5m), cm/s
Period Amplitude Phase lag
Mean 13.562
12.433 1.588 108.773
6.217 6.759 8.126
4144 0.451 189.009
3.108 2.285 245,042

12h—Harmonic 2008
Turb.(B+2m), ppm

Period Amplitude Phase lag
Mean 10.91
M2 1.436 138.381
M4 2.646 43.709
M6 1.037 164.568
M8 0.607 17.901
Turb.(B+1.5m), ppm
Period Amplitude Phase lag
Mean 11.522
M2 1.848 129.388
M4 2.727 36.108
M6 1.135 156.301
M8 0.559 6.166

JRDRF%27Rd o Fig. 11TRd & 91 % ONLE ZBHE
& 20km L BN TEBHIEDT 2 2 L3 TERW
»s, KR, ERICHRE LB (19 b v o/ RES
i) icBVwTh, HERICEENOhEEZBEN51EE
DV & a2 7,

Table 5.(3, #itic & 2 HREOR L EHWEZLET 2

(a)

(b)

Speed(B+1m), cm/s

Period Amplitude Phase lag
Mean 12.558
12.433 1.655 137.946
6.217 6.113 10.267
4.144 0.234 152.684
3.108 1.948 242.316
Speed(B+0.5m), cm/s
Period Amplitude Phase lag
Mean 10.665
12.433 1.226 136.087
6.217 5.141 3.293
4144 0.264 197.624
3.108 1.62 239.148
Tide [m]
Period Amplitude Phase lag
Mean 11.622
M2 1.503 289.772
M4 0.05 106.289
M6 0.021 164.815
M8 0.004 97.084
Turb.(B+1m), ppm
Period Amplitude Phase lag
Mean 13.441
M2 2.626 123.974
M4 3.138 29.682
M6 1.344 148.056
M8 0.534 6.864
Turb.(B+0.5m), ppm
Period Amplitude Phase lag
Mean 14.952
M2 3.369 120.592
M4 3.428 23.357
M6 1.446 138.389
M8 0.515 19.628

ez, RO VErRIcERL T, 9H 2 H 12
KF30 227205 9 A 3 H 1 KfRj & T D 12 K] 25 43l o,

K 4ABoRND A E—F (KEX) LB
LicbDTH B, HWEDFEHE> M4 #E ks D IxiE
BRI WIEEREC, BEOMMBRENEL D bERN,
BEPSHEINZ BEENPRESB-TED, KRN
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Fig. 7. Raw data of current components measured
by Vector current meter during one minute at the

flood period. The sampling interval is 16 Hz.
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Fig. 8. Scatter diagram of the turbidity by the C/T
tower and the echo intensity by Vector current
meter.
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Fig. 9. Temporal variations of turbidity measured
by C/T tower and calculated by the echo intensity.
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Fig. 10. Power spectra of the E-W and vertical components of current measured in 16 Hz. (a) the data
duration is 30 minutes at flood flow (from 18 : 30 to 19 : 00) and (b) at the ebb flow (from 0 : 30 to

1:00).
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Tidal Re-Suspension Process and Analysis of SS Flux
1n Suonada, the Seto Inland Sea

Hidekazu Yasuda !, Tetsuaki Yamaguchit?,
Shiro Kawano and Sotarou Takashima T3

Abstract

Fortnight field experiments at the stationary observation point in the Suonada sound,
the Seto Inland Sea were carried out at the late summer, when diurnal inequality of tides is
rather small like the early spring, to reveal the physical process of the environment near the
basin floor. It has been recognized from the experiments that tidal currents were dominant
and tidal re-suspension was induced around the spring tide and that temporary currents ex-
cept tidal currents were generated and re-suspension due to such currents was not observed
around the neap tide even when they were rather strong. While tidal re-suspension around
the spring tide was induced quarter-diurnally relating to the tidal current speed, the semi-
diurnal variation was also recognized which came in view clearly at the flood flow. To inves-
tigate such a re-suspension process more minutely, 25 hour field-experiment was carried out
using a highly accurate current meter by which the current and turbidity can be measured
in 16 Hz. It has been clarified that the power spectrum was larger by one and half times at
the flood flow than at the ebb flow and further that the vertical turbulent flux of SS was also
larger at the flood flow than at the ebb one.

Key words: Suonada sound, tidal re-suspension, power spectrum, SS turbulent flux
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