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Minoru ODAMAKI*, Yukihiro OONIWA ** and Noriaki SHIBATA ***

Abstract

Ariake Bay is a semi-enclosed bay located in the west coast of Kyushu, where it is well known

that the largest tide in Japan occurs. It is called Shimabara-Wan in nautical chart and its inner area
Ariake-Kai, but we call it Ariake Bay in this paper as used for general purpose.
In autumn 2000, seaweed plants in Ariake Bay were severely damaged by extra-ordinary blooming
of phyto-plankton, and people were afraid of the marine environment getting worse. Recently, ten-
dency of tidal amplitude reduction has been pointed out and suspected as one of the causes of
marine environment deterioration. Furthermore the reduction of tidal current is also doubted con-
cerned to the tidal amplitude reduction. Hydrographic and Oceanographic Department, JCG, was
requested to carry out tidal current observation in order to check the change comparing the previ-
ous tidal current in the bay observed in August - September 1973. Therefore HOD carried out
tidal current observations of 15 days at 12 stations from 10th to 28th in May 2001, including verti-
cal current profile observations at 3 stations using WorkHorse ADCP. Their locations were set as
close as the previous stations. The data obtained in previous observation were re-processed using
the same calculation software as for new data.

Considering the result that the tidal currents were getting strong in some place and weak in
other place, it was not concluded that the tendency of tidal current reduction was distinguished so
definitely. However, mean current flowing out along the peninsula coast of Shimabara was definite-
ly reduced as 1/3 as that of previous one. Comparing the vertical profiles at the off-Shimabara sta-
tion, it was remarked that tidal current was getting strong in the surface layer 3m below the sea
surface, but unchanged in the sub-surface layer of 10m. While low saline water was distributed in
the surface layer of the central area of the bay in 1973 and 2001 observations, its value was getting
saline in 2001. Besides, the river discharge in 1973 was about 4 times larger than that in 2001 and
possibly made the coastal sea water less saline. Less saline water possibly tends to flow in surface
layer on the saline and denser water in the subsurface layer as density current. Therefore such
larger river discharge might strengthen the mean current flowing in the surface layer in 1973.
Furthermore the flood current may be suppressed by this strengthened mean current in the sur-
face layer but not so influenced in the subsurface layer. Then the reason of weak tidal current in
the surface layer in 1973 compared to that in 2001 could be explained by this larger river dis-
charge too. Although the difference of river discharge was not made clear by seasonal or year-to-
year change, it was indicated that the river discharge could influence not only to the less saline
water distribution and the mean current flow but also to the tidal current through the vertical dis-
tribution change.
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Fig. 1a. Location map of Ariake Bay
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Fig. 1b. Tidal current stations and CTD observation
lines in May 2001.
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Fig. 1c. Topographical map of Ariake Bay, drawn by N. SASAHARA using GMT graphic package (Wessel and
Smith, 1998) with J-BIRD depth data from Japan Oceanographic Data Center and digital land height data
from Geographical Survey Institute.
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Table 1. Elements of tidal current observation in Ariake Bay, May 2001. See Figure 1 b.

(1) Observation date from 2001 May 10th to 28th (18 days)

(2) Tidal current observation (15 days) : 12 stations

: current meter moored at 3 m below the sea surface
Station :1,2,35,6,8 9,11, 12

: Ono-type (MTC-III, Kyowa-Shoko Itd.)

Multi layer observation : ADCP current meter moored at 1 m below the sea surface
4,7, 10.

: Acoustic Doppler Current Profiler

(WorkHorse, RDI), directed to downward.

1 layer observation

Current meter

Station

Current meter

(3) Temperature and salinity observation by CTD : 3 lines

Line B : at the flood and ebb of May 21st
Line C : at the flood and ebb of May 20th
Line D : at the flood and ebb of May 22nd

Observation timing : From 1 hour before the time of maximum flood or ebb current to
just before the time at Hayasaki-seto. After T/S observation, current profile observation
was carried out along the line using ship mounted ADCP at the time of maximum flood

and ebb current.

(4) Observation Ship : HL05 "Kaiyo" (550ton)
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Table 2. Harmonic Constants table of tidal currents (1) Results of 15 days observations in 2001 and 1973 re-analyzed

Tidal Current Observation / Harmonic Cnst | Mz Sy K, N, K, 0, Py Q My | MS,| So | Const.
Station 1 (kn) 0509 | 0.248| 0.067| 0.115] 0.069| 0.054| 0.023| 0.024| 0.048| 0.046 | -0.021
North Cmp. -
Layer 30m ) 1913 2187| 2187| 1909| 166.7| 1714| 166.7| 101.3| 2858| 277.2
Date East Cmp (kn) 0246 | 0.095| 0.026| 0.037]| 0.014| 0.027| 0.005| 0.004]| 0.024| 0.032| 0.046

2001. 5. 11~ 5. 26
Position 33" 0' 12'N | Main dir.
130°14' 48'E 338°

) 357.6 10.2 102| 322| 3447| 3253 3447| 1483 151 459
(kn) | 0562| 0.262] 0071] 0120| 0.069| 0.059| 0.023| 0.021| 0045| 0.051| -0.037| 114.7
@) 189.1| 2149| 2149| 1933| 1665| 167.1| 1665| 98.7| 2742| 266.6 0.05

(kn) | 0.773| 0381| 0104| 0157| 0072| 0.067| 0.024| 0.006| 0.066| 0.052| -0.059
) 1800 214.0| 2140| 1904| 1323| 1388| 1323| 240| 2883| 296.6
(kn) | 0339| 0.128| 0035 0.068| 0.008| 0034| 0.003| 0.019| 0024| 0016| 0.052
@) 3412 10.3 103| 3485 499| 2896 499| 3447 430| 659
(kn) | 0837| 0399| 0108| 0.169| 0067| 0073| 0.022| 0.004| 0066| 0.052| -0.073| 1386
) 1775] 2115| 2115] 1875| 1346| 1344| 1346| 1060| 2820| 2920 0.079

Station 2
Layer 30m North Cmp.

Date
2001. 5. 11~ 5.26
Position 33" 0' 42'N | Main dir.
130°18' 30'E 340°

East Cmp.

Station 3 North Cmp.| Y () | 0592] 0273 0.074] 0148] 0068] 0061] 0.022] 0015 0008 0.037] 0001
Layer  30m () | 187.1] 2255 2255] 2029 1263] 1802] 1263| 1530] 1812] 2705
Date East Cmp. (kn) | 0550] 0257] 0070] 0094] 0028] 0082 0.009] 0032] 0021] 0.025] 0006

2001. 5. 11~ 5.26 -
Position 32°56' 30"N| Main dlﬂr.
130°16' 24'E 318

) 350.7| 283 283| 3552 20| 3397 20| 3546 2225| 2838
(kn) | 0800] 0371] 0101] 0.168| 0063 0.099| 0.021| 0032| 0011| 0012| 0.005| 276.2
) 179.7] 217.7| 217.7] 1929| 1405| 169.0| 1405| 167.3 64.6| 252.1 0.006

Station 4 North Cmp (kn) | 0996| 0432| 0118| 0.079| 0063 0.063| 0.021| 0.026| 0028| 0.023| -0.073
Layer 50 m ) @) 1646 201.2| 2012| 1334 1018 954| 101.8| 219.2| 257.3| 2573
Date East Cmp (kn) | 0324| 0177| 0048| 0.034| 0012| 0033| 0.004| 0.004| 0022| 0.019| -0.040

2001. 5.12~ 5.27
Position 32°56' 48'N| Main dir.
130°22' 42'E 341°

) 336.1 19.1 19.1 45| 2971 2666| 297.1 738 | 2540| 346.2
(kn) | 1.046| 0466| 0127| 0.082| 0063 0071| 0021 0026| 0020| 0.023| -0.056| 2084
) 163.7] 2009| 2009| 1395 1027 941 1027| 2210| 2585| 2410 0.083

(kn) | 0976| 0418| 0114] 0077| 0060| 0072| 0.020| 0026 0.029| 0.017| -0.049
@) 1619 1959| 1959| 1309 1149 752| 1149| 2217| 2628| 2735
(kn) | 0344| 048] 0040| 0.040| 0027| 0019| 0.009| 0.004| 0015| 0.003| -0.009
) 338.6 209 209 124 2918| 2475| 2918 20| 2664| 2188
(kn) | 1.035| 0443| 0121] 0.079| 0066| 0.074| 0.022| 0.026| 0.022| 0.016| -0.043| 190.9
) 1615] 1964| 1964| 1393 1144 745| 1144 2197| 2620| 2769 0.05

Station 4 North Cmp.
Layer 50 m

Date
2001. 5. 12~ 5.27
Position 32°56' 48"N| Main dir.
130°22' 42'E 341°

East Cmp.

Station 4 North Cmp (kn) | 0540| 0.89| 0051| 0.063| 0026| 0010| 0.009| 0.030| 0123| 0.116| -0.075
Layer 30m ) @) 1564 1999| 199.9| 2441| 1636| 331.0| 1636| 2215 648| 886
Date East Cmp (kn) | 0058| 0016| 0029| 0035 0033 0012| 0026| 0046| 0.040| 0082

2001. 5.12~ 5.27
Position 32°56' 48"N| Main dir.
130°22' 42'E 334°

) 346.9 388 388| 3563| 269.8| 160.2| 2698 951| 2428| 2553
(kn) | 0591| 0.194] 0053 0.062| 0032 0024| 0010| 0035| 0130] 0121| -0.103| 1321
) 1583| 2023| 2023| 2332| 1354| 336.7| 1354| 2369 645| 867 0.111

(kn) | 0953| 0421| 0.115| 0177 0.045| 0098 0015| 0019| 0.049| 0.007| -0.071
@) 173.7| 2053| 2053| 1635| 141.3| 1126 1413| 117.7| 101.1| 150.6
(kn) | 0569| 0217| 0059| 0075| 0.042| 0047| 0.014| 0039| 0002| 0017 | 0088
(°) | 3485| 144| 144| 3502| 3468| 2880| 3468| 257.3| 879 8.3
(kn) | 1.109| 0472| 0.128| 0.190| 0.059| 0.108| 0.019| 0033| 0042| 0014 | -0106| 129.1

(@) 1724 | 2028| 2028| 164.8| 150.1| 111.6| 150.1| 955| 1014| 1728 0.113

Station 5
Layer 20 m North Cmp.

Date
2001. 5. 11~ 5. 26
Position 32°53' 18'N| Main dir.
130°25' 42'E 330°

East Cmp.

Station 6 North Cmp (kn) | 0.773| 0.317| 0.086] 0.107| 0047| 0.085| 0.016] 0020 0.039| 0.029| -0.040
Layer 30m ) ) 1670] 1978| 197.8| 1739| 1388 99.0] 1388| 3027| 1418| 2279
Date East Cmp (kn) | 0330] 0.118| 0032] 0051 0015] 0.026| 0005| 0015| 0.019| 0.038| -0.031

2001. 5. 11~ 5. 26
Position 32°51' 24"N| Main dir.
130°29' 12'E 339°

) 3339 5.6 56| 3396| 2547| 2413| 2547 80| 2834| 199
(kn) | 0837| 0338] 0.092| 0118| 0047| 0.087| 0015| 0.017| 0.042| 0040| -0.027| 2175
) 1652 1963 1963| 171.7| 1330 953] 1330| 2868| 136.1| 2186 0.051

Station 7 North Cmp. V() | 0586 0270 0074] 0173 0013] 0082 0.004] 0034] 0.096] 0.103] -0.083
Layer  30m () | 1691] 2041 2041| 1453] 2017| 447] 2017[ 141 1981] 1993
Date East Cmp. (kn) | 0079] 0122] 0033] 0208] 0030] 0039 0010] 0052] 0056] 0.033] 0038

2001 5.12~5.27 |
Position 32°48 42'N| Main dir.
130°23' 18'E 351

) 280| 482| 482| 3493| 2342| 1548| 234.2 90| 2421 3398
(kn) | 0588| 0.285| 0.078] 0202| 0010| 0084| 0.003| 0.025| 0.089| 0.106| -0.088| 1555
) 169.8| 205.7| 2057| 149.1| 1858 40.7] 1858 158 | 1941] 1975 0.091

(kn) | 0627] 0296| 0.080| 0.184| 0025| 0.093] 0.008| 0.004| 0.087| 0.109| -0.114
) 1685| 2044| 2044| 1570| 1881 472 1881 | 1347| 2191| 2089

(kn) | 0204] 0.56| 0042| 0178| 0.041| 0031] 0013| 0.058| 0.041| 0.045| 0.032
) 3475 265 265| 3499| 2845| 1775| 2845 245| 2109 124

(kn) | 0656| 0334| 0091 0239| 0030| 0094| 0010| 0.025| 0064| 0117| -0117| 1644
) 1684 | 204.8| 2048| 160.8| 155.0 413| 1550 1959| 221.2| 2064 0.118

Station 7 North Cmp.
Layer 50 m

Date
2001. 5.12~ 5.27
Position 32°48' 42"N| Main dir.
130°23' 18'E 336"

East Cmp.

(kn) | 0866| 0.360| 0.098| 0131] 0.063| 0.063] 0021 0.041| 0.051| 0.060| -0.130
) 1594 1913| 191.3| 1284| 1406 780| 1406| 1000| 2642 259.5
(kn) | 0422] 0.169| 0.046| 0048| 0050| 0.019| 0017| 0.006| 0015| 0.024| 0012
) 335.6 49 49| 2799| 2953| 3202| 2953| 2766| 1316| 1332
(kn) | 0963| 0.397| 0.108| 0.136| 0077| 0.061] 0026 0.039| 0051 0061| -0122| 1749
) 1587] 190.1| 190.1| 1242| 1337 84.7| 1337 99.8| 269.7| 267.3 0.131

Station 7 North Cmp.
Layer 10.0 m

Date
2001. 5. 12~ 5.27
Position 32°48' 42"N| Main dir.
130°23' 18'E 334°

East Cmp.

Station 8 North Cmp (kn) | 1510] 0643| 0.175| 0168| 0.075| 0.099| 0025| 0.021| 0194| 0103| -0.232
Layer 30m ) (@) 1531| 1864 | 1864| 1482| 1209 939| 1209| 1040| 3180| 324.1
Date East Cmp (kn) | 0.693| 0284| 0077| 0149| 0116| 0.090| 0.038| 0.027| 0.106| 0.103| -0.086

2001. 5.12~ 5.27
Position 32°41' 6'N|Main dir.
130°22' 30'E 27°

) 1703] 2038| 2038| 183.9 784 379] 784| 2980 89.6| 1180
(kn) | 1649| 0.697| 0.190| 0208| 0111 0.116| 0.037| 0.008| 0.146| 0.054| -0.246| 200.3
) 156.3] 1895 1895| 159.0| 1025 771] 1025| 820] 3321 3459 0.248
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Table 2. (1), Continued

Tidal Current Observation / Harmonic Cnst | Mz S K, N, K, 0, Py Q My | MS,| So | Const.
Station 9 North Cmp V_ (kn) 0.667| 0311] 0.084| 0.167| 0.029| 0.064| 0.010] 0.011] 0.032| 0.032| -0.026
Layer 30m 1TK ) 1796 221.3| 2213| 2100| 1275] 111.3| 1275 434 1543] 231.1
Date E V_ (kn) 0420 0.146| 0.040] 0.077| 0.078| 0.037| 0.026| 0.016| 0.010] 0.011| -0.059
ast Cmp. >
2001. 5. 12~ 5.27 K () 1848 | 2324| 2324| 2343| 1034| 1286| 1034 | 2721 39.1] 119.0
Position 32°39' 54"N| Main dir. V_ (kn) 0.787 | 0.339] 0.092] 0.179| 0.066| 0.073| 0.022| 0.007| 0.025| 0.025| -0.054| 246.2
130°27' 42'E 33 K () | 18L1| 2239| 2239| 2155| 1122| 1160| 1122| 3389| 1434| 2186 0.064
Station 10 North Cmp V_ (kn) 1.147| 0440| 0120 0.107| 0.079| 0.044] 0.026| 0.008| 0.085| 0.040 | -0.113
Layer 30m TK () 160.6| 200.5| 2005| 1289| 1285 995| 1285| 324.2| 301.7| 303.0
Date East Cmp V_ (kn) 1.089| 0474| 0129 0.452| 0110 0.083] 0.037| 0.069| 0.098| 0.078| -0.096
2001. 5.12~ 5.27 1K () 1728 | 2176| 2176| 1493| 141.8| 130.1| 141.8| 1226| 1951| 220.3
Position 32°36' 42"N| Main dir. V_(kn) 1571 0639| 0174 0396| 0.134| 0.088] 0.044| 0.045| 0.078| 0.066 | -0.147| 220.4
130°17" 0'E 46° K () 166.7| 209.6| 209.6| 1456 1363| 1199| 136.3| 120.1| 2414| 244.8 0.148
Station 10 North Cmp. V_ (kn) 1.100| 0.494| 0.134| 0.147| 0.103| 0.040] 0.034| 0.018| 0.083| 0.027 | -0.108
Layer 50 m K () 1604 | 200.7| 200.7| 129.0| 134.0 694| 1340] 2319| 2941| 276.6
Date East Cmp. |Y_(n) | 1207] 0592 0.161] 0462] 0091] 0095| 0.080] 0021| 0065 0087 -0.100
2001. 5. 12~ 5.27 K () 1721 1986| 1986| 1636| 139.8| 1051| 139.8 50| 211.7| 2265
Position 32°36' 42'N| Main (}ir. V_ (kn) 1624| 0.770| 0.210] 0.431| 0.136] 0.094] 0.045| 0.012| 0.078| 0.078| -0.146| 222.7
130°17" 0'E 49 K () 1669 1995| 1995| 1563| 1369 95.8| 1369 | 3159| 2555| 236.5 0.147
Station 10 North Cmp. V_ (kn) 1134 0495| 0135 0.104| 0.108| 0.030] 0.036| 0.025| 0.069| 0.048| -0.124
Layer 10.0 m K () 1605 1944| 1944| 1704 | 1440 90.3| 144.0| 2477| 301.2| 293.2
Date East Cmp. V_ (kn) 1557 0650 0177 0179| 0.118| 0.063] 0.039| 0.048| 0.030| 0.032 | -0.064
2001. 5.12~ 5.27 K () 1629 1949| 1949| 169.0| 1473 86.0| 1473 | 2687| 3239| 2518
Position 32°36' 42'N| Main dir. V_ (kn) 1926 | 0817 0.222| 0.206| 0.159]| 0.069| 0.053| 0.053| 0.064| 0.051| -0.125| 207.1
130°17" 0'E 53° K () 1621 194.7| 194.7| 1694 | 1459 87.1| 1459 2628| 3095| 2735 0.14
Station 11 North Cmp. V_ (kn) 0467 | 0.188| 0.051] 0.060| 0.036| 0.013| 0.012] 0.022| 0.017| 0.017 | -0.041
Layer 30 m K () 1637 1921| 1921| 1624| 1309| 290.6| 1309| 1953| 209.1| 249.7
Date East Cmp. V_ (kn) 1172 0481| 0131 0.099| 0.151| 0.052] 0.050| 0.051| 0.031| 0.035] -0.038
2001. 5. 12~ 5.27 K () 157.1| 1883| 1883| 179.5| 137.7| 101.7| 137.7| 2102 89.0 832
Position 32°33' 36'N| Main dir. V_ (kn) 1.260| 0517| 0141] 0.112| 0.154| 0.044] 0.051]| 0.055| 0.027| 0.027 | -0.049| 222.6
130°19' 54'E 70° K () 1579| 1888| 1888| 1765| 1372] 100.8| 137.2| 2081 99.8 86.0 0.056
Station 12 North Cmp V_ (kn) 0537 0.304| 0.083] 0.082]| 0.104| 0.097| 0.035]| 0.028| 0.321| 0.127 | -0.283
Layer 30 m 1K () 8.7 37.1 371 35.7] 3025| 251.6] 3025| 1883| 2203| 2373
Date East Cmp V_ (kn) 2602| 1.043] 0284| 0330 0.290| 0.217] 0.096| 0.072| 0.199| 0.126] -0.171
2001. 5.12~ 5.27 1K () 1655 1974| 1974 197.3| 1215| 1212| 1215| 1650| 286.1| 314.1
Position 32°34' 36"N| Main dir. V_(kn) 2646| 1081 0294| 0339] 0306] 0226 0.101| 0064 0.177| 0119]| 0.101| 211.1
130°10' 42'E 283" K () 346.5 18.7 187 183| 3015| 296.8| 3015| 3427| 1285| 1479 0.33
Station S1 North Cmp V (kn) 0537 0.235] 0.064| 0.087] 0.069| 0.013| 0.023]| 0.050| 0.049| 0.068| 0.031
Layer 30 m 1K () 1803 2094| 2094| 2376| 1419| 2853| 1419 194 | 2233| 2205
Date East Cm. V (kn) 0265| 0.104| 0.028| 0.107] 0.035| 0.045| 0.012] 0.049]| 0.004| 0.036 | -0.002
as p. B
1973. 8. 26~ 9. 10 K () 329.8| 357.0] 357.0| 3452| 279.2 39.0| 279.2] 1451| 1768| 242.7
Position 33" 4' 30"N| Main dir. V (kn) 0585| 0.251] 0.068| 0.102| 0.074] 0.026| 0.024| 0.060| 0.043| 0.047 | 0.029| 3554
130°14' 48'E 334° K () 1746] 2039| 2039| 2119| 1337| 2432| 1337 28| 2250| 2133 0.031
Station S2/4(H13) North Cmp V_ (kn) 0661 0.358| 0.097| 0.120]| 0.048| 0.057| 0.016] 0.024| 0.022| 0.024| -0.066
Layer 30m TK () 1741 1920| 1920| 2724| 1044 939 1044 139 3122| 3485
Date East Cmp V_ (kn) 0.178| 0.052| 0.014] 0.057| 0.012] 0.007| 0.004]| 0.011] 0.033| 0.061| 0.038
1973. 8.26~ 9. 10 1K () 349.2| 3524| 3524 56.3| 2574| 1194| 2574| 1050| 3356 19
Position 32°57' 6"N| Main dir. V_(kn) 0.683| 0.360| 0.098| 0.127| 0.049| 0.054| 0.016| 0.023| 0.016] 0.012| -0.072| 149.7
130°22' 36'E 349° K () 1738 1915| 1915| 2694| 1032 933 103.2 88| 3028| 335.1 0.076
Station S3 North Cmp. V_ (kn) 0650 0.275] 0.075] 0.121] 0.017| 0.035| 0.005| 0.022]| 0.023| 0.011| -0.006
Layer 30 m K () 1736] 1988| 1988| 2035 935] 1057 935| 2998| 3337| 2419
Date East Cmp. V_ (kn) 0269| 0.121] 0.033] 0.057] 0.039| 0.017| 0.013] 0.006| 0.021| 0.008 | -0.046
1973. 8.28~ 9. 12 K () 337.3 116 116] 354.1| 251.0] 287.0| 251.0| 1904 94.9 153
Position 32°51' 24"N| Main diﬂr. V (kn) 0.700| 0.300| 0.082] 0.131] 0.031] 0.039| 0.010] 0.021| 0.026| 0.013| 0.014| 2628
130°29' 12'E 335 K () 1710 1976| 1976| 1984 81.7] 106.0 81.7| 3058| 317.3| 2310 0.046
Station S4/7 (H13) North Cmp V_ (kn) 0378 | 0.176] 0.048] 0.052]| 0.031] 0.050| 0.010] 0.042]| 0.031| 0.041| -0.225
Layer 30 m 1TK () 1642 2036| 2036| 3334| 1180 756| 1180 786 | 2233| 2484
Date East Cmp. V_ (kn) 0346| 0.142| 0.039| 0.045]| 0.033| 0.021| 0.011] 0.015] 0.023| 0.053| 0.017
1973. 8.28~ 9. 12 K () 3524 234 234] 1059| 2793| 182.1| 2793| 1427| 1525| 1780
Position 32°48' 42'N| Main dir. V (kn) 0511 ] 0.226] 0.062| 0.063| 0.044| 0.044| 0.015] 0.030| 0.024| 0.038| -0.184| 175.7
130°23' 18'E 320° K () 167.7] 2035| 2035| 3137| 1092 588| 109.2 61.0| 2594| 3065 0.226
Station S5/10(H13) North Cmp V (kn) 1014 0391 0.106 - 0.045| 0.026] 0.015 - 0.040| 0.056 | -0.487
Layer 30 m 1TK () 1128| 1394 1394 - 334 61.5 334 130.7] 1529
Date East Cmp. V_ (kn) 1.227| 0523| 0.142 - 0.069| 0.042| 0.023 0.034| 0.025] -0.320
1973. 9.2~ 9.13 K () 1330] 1504 | 1504 - 84.3 76.7 84.3 1889] 1331
Position 32°36' 48"N| Main dir. V_ (kn) 1567 | 0650 0177 - 0.075| 0.049| 0.025 0.045]| 0.053| -0.551| 2133
130°16' 54'E 52° K () 1252 1464| 1464 - 67.7 719 67.7 1615] 1456 0.583
Station S6 North Cmp V_ (kn) 0484 | 0.234| 0.064 - 0.059| 0.074]| 0.020 0.270| 0.151 | -0.550
Layer 30 m TK () 1406| 1483| 1483 - 1714 501 1714 1616] 1573
Date  (11Days) East Cmp V (kn) 1.373| 0581 0.158 - 0.180| 0.077| 0.060 0.232| 0.258 | -0.829
1973. 9.2~ 9.13 ) "I K () 1384 1750| 1750 - 888 | 106.7 88.8 209.8| 2285
Position 32°34' 42"N| Main dir. V_(kn) 1455| 0.618| 0.168 - 0.174| 0.089| 0.058 0.285| 0.264 | -0.962| 236.4
130°10' 48'E 71° K () 1386| 171.8| 1718 - 95.1 935 95.1 1965| 2184 0.994
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Table 2. Harmonic Constants table of tidal currents

(2) Results of 1 day observations re-analyzed

Diurnal Semi-diurnal 1/4-diurnal Mean Flow

Station |Layer| Position | Obs. Date |Axis | Dir. | Vel | Lag | Dir. | Vel | Lag | Dir. | Vel | Lag | Dir. | Vel

(") | (knot) | (*) (") | (knot) | (") () | Gknot) | (*) (*) | (knot)
32°57'6'N | 1973.826~27 | L 525| 0094 3089| 3263| 0871| 1831| 496| 0070| 1662

S2(H4) 5 2182 | 0234
130°22'36'E S 1425 | 0016| 389| 563| 0021| 2731| 1396| 0021| 2562
32°57'6'N | 1973.826~27 | L 3383 | 0204 130.8| 3438| 1.078| 1749| 379| 0017| 2880

S2(H4) | 10 2309 | 0.049
130°22'36'E S 683 | 0043 408| 738| 0054 849| 1279| 0000| 180
32°4842'N | 1973.831~91| L | 3398 | 0.152| 2132| 317.6| 0904| 1395| 3133| 0.180| 2257

S4(H7) 5 1784 | 0203
130°2318'E S 698 | 0004| 1232| 476| 0099 495| 433| 0051| 1357
32°4842'N | 1973.831~91| L | 3200 0084| 2070| 3365| 1371| 1398| 3570| 0225| 207.2

S4(H7) | 10 1817 | 0231
130°2318'E S 500 0010 2970| 665| 0034 498 870| 0065| 117.2
32°36'36'N | 1973.911~12 | L 529 | 0071| 3005| 536| 1777 1458| 746 0199| 101.0

S5(H10) | 5 2222 | 0638
130°16'42'E S 1429 | 0001| 2105| 1436| 0.190| 2358| 1646| 0039| 110
32°36'36'N | 1973.911~12 | L 301 | 0036| 2728| 357| 1418| 1427| 218| 0273| 894

S5(H10) | 10 1983 | 0.606
130°16'42'E S 1201 | 0.005 28| 1257| 0.170| 2327| 1118| 0.028| 3594
33° 4'36'N | 1973.9.10~11 | L 619 | 0051| 2888| 3551| 0.639] 200.7| 3037| 0.081| 567

S16 3 2709 | 0.151
130°18 6'E S 1519 | 0014 1988| 851| 0.191| 2907| 337| 0057| 1467
32°41'¢'N | 1973.830~31 | L | 3183 | 0121| 1422| 163| 2599| 149.7| 3414| 0330| 2917

S24 3 185 | 0556
130°22'36'E S 483 | 0008| 522| 1063| 0409| 239.7| 714 0040| 217
32°41' ¢'N | 1973.9.7~8 L 686 | 0077| 3395| 476| 1096| 1802| 215| 0077| 3169

S24 3 1776 | 005
130°22'36'E S 1586 | 0021 2495| 1376| 0067 902| 1115| 0041| 469
32°38'18'N | 1973.830~31 | L 90| 0098| 246| 384| 1342 1769| 221| 0076| 261.3

S25 3 2216 | 005
130°27 0'E S 990 | 0022| 1146| 1284| 0.129] 2669| 1121 0024| 3513
32°38'18'N | 1973.9.7~8 L | 3128| 0066| 3492| 522| 0646| 1567| 886 0.095| 3226

S25 3 212 0147
130°27 0'E S 428 | 0013| 2592| 1422| 0.123| 2467| 1786 0023| 526
32°33'18'N | 1973.829~30 | L 471 0092| 1875| 668| 1707| 1589| 3052| 0.144| 2050

S26 3 2503 | 0.019
130°18'42'E S 1371 0005| 975| 1568| 0019 689| 352| 0005| 1150
32°33'18'N | 1973.9.6~7 L 492 0293| 3177| 634| 0468] 2191| 325| 0064| 2935

S26 3 2523 | 0454
130°18'42'E S 1392 | 0026 477| 1534| 0041| 309.1| 1225| 0019| 2035

Table 2. Harmonic Constants table of tidal currents

(3) Reference tidal current harmonic constants of Hayasaki Seto.

Tidal Current Observation / Harmonic Cnst | M» Sy K, Ne K 0, Py Q1 My | MSy| So | Const.
Station Hayasaki V (kn) 2427| 0913] 0.249 0.238| 0.074| 0.079 0433| 0.243 | -1.060
North Cmp. =
Layer 40 m K () 355.2 16.3 16.3 314.3| 2525| 3143 2058 | 199.1
Date East Cm V_(kn) 3.560| 1.066| 0.290 0.251| 0.179]| 0.084 0417| 0.257 | -0.720
D. -
1955. 5.19~ 6.3 K () 1727 1970| 1970 137.7| 1365 1377 196.8 | 193.8
Position 32°34'23'N|Main dir. | V (kn) | 4.274| 1364| 0372 0331 0177| 0.110 0.180| 0.120
130" 9'43'E 117 K () 1733 1968 196.8 1365 126.7] 1365 186.7 | 189.1
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Fig. 2. Z, (Distance from Datum Level for chart depth to mean sea level) distribution in Ariake Bay.
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Fig. 4-1. Maximum flood tidal current chart 3m below the sea surface at the time of eastward current maximum
in Hayasaki Seto according to MSA 1974.
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Fig. 4-2. Maximum ebb tidal current chart in 3m below sea surface in the time of westward current maximum in
Hayasaki-Seto according to MSA 1974.
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Fig. 7-1. Comparison of flood tidal currents 3m below the sea surface in the mean spring tide condition of M,+S,,
not including the mean current. Left : 1973 and Right : 2001.
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Fig. 7-2. Comparison of ebb tidal currents 3m below the sea surface, in the mean spring tide condition of M,+S,,
not including the mean current. Left : 1973 and Right : 2001.
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Fig. 8. Comparison of mean currents 3m below the sea surface, averaged 15 days. Left : 1973 and Right : 2001.
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emperature: 1973/8/29-30 (High water) 2001/5/20-22
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Fig. 11-1. Comparison of temperature distributions in
the sections B, C and D in High Water. Upper :
May 2001, Lower : August-Sept. 1973.
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Fig. 11-2. Comparison of salinity distributions in the
sections B, C and D in High Water. Upper :
May 2001, Lower : August-Sept. 1973.
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Salinity : 1973/8/29-30 (Low water) 2001/5/20-22

Temperature :

1973/8/29-30 (Low water) 2001/5/20-22
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Fig. 11-3. Comparison of temperature distributions in
the sections B, C and D in Low Water. Upper :
May 2001, Lower : August-Sept. 1973.

Fig. 11-4. Comparison of salinity distributions in the
sections, B, C and D in Low Water. Upper :
May 2001, Lower : August-Sept. 1973.
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Fig. 12-1. 25 hours running mean current diagram 3m, 5m and 10m below the sea surface at station 4. Upper :

wind vector diagram at Omuta.
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Fig. 13-1. Hourly tidal current vector diagrams 3m, 5m and 10m below the sea surface at station 7 off-Shimabara,

May 2001.
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Fig. 13-2. Hourly tidal current vector diagrams 3m, 5m and 10m below the sea surface at station 7, in August-

September 1973. Diagrams at 5m and 10m are only 1 day and night.
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Fig. 14-3. As same as Figure 14-2 but in the case of
density gradient and gravitational circulation
strengthened at flood tide and weakened at
ebb tide. Tidal current ellipse is reduced at
upper layer and amplified at lower layer.
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Fig. 14-4. As same as Figure 14-2 but in the case of
density gradient and gravitational circulation
weakened at flood tide and strengthened at
ebb tide. Tidal current ellipse is amplified at
upper layer and reduced at lower layer.
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Fig. 15-1. Sea water density gradient between the sections B, C and D along the Shimabara peninsula in 20th -
22nd May 2001. Vertical axis is sigma-t (f-1)x10%, unit 10® g/cm?
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Fig. 15-2. As same as Figure 15-1 but in 29th - 30th August 1973.
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Fig. 16. Dalily river discharges of Chikugo-gawa and Kikuchi-gawa in the rate of volume flux m*/s. Upper : May

2001, Lower : August-September 1973
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Comparative Tidal Current Observation in Ariake Bay with the Previous Results
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Fig. 17-1. Temperature and salinity distributions of
High Water at neap tide in 6th-8th September
1973, which are influenced by the large river
discharge during the observation. See Figures
16 and 13- 2.
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Fig. 17-2. Same as Fig.17-1 except of Low Water.
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Fig. 18. As same as Figure 15-1 but in 6th- 8th September 1973. Density gradient is severe compared with those

in Figures 15-1 and 15- 2. See Figure 13- 2.



