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Abstract

The tidal harmonic constants for a port are expected to be nearly constaﬁt as long as the
topography of the port was not extremely changed, It has been, however, shown by the calcula-
ted results up to date (Journal of the college of science, Imperial University, Tokyd Vol, 28,
Article 7) that the harmonic constants vary by the changes in the astronomical, meteorological
and oceanic conditions, etc,  Especially, the variation of the long-period tides is more remarkable
than others, Accordingly, in order to obtain more reliable harmonic constants of the long-period
tides which can be adopted for tidal prediction, we should not calculate them from the results
of observations for only one year, but from those for several years, However, it is too laborious
and inefficient to carry out many times harmonic analysis such as the T,I, method or Darwin
method, when the principal purpose is in obtaining long-period tides, ‘

Therefore, the brief method which obtains long-period tides S, and S by usiﬁg twelve
values of monthly mean sea levels for a year or several years will be described in this report,
This method is the one obtaining the six unknowns by means of the method of least sqares on
the assumption that a curve which is drawn by twelve values of monthly mean sea levels of
successive years or of a year consists of the six terms, i,e, constant, linear term concerning time
and cosine and sine terms of the product of time and phase-increment per a solar day of S, and
S, Using this method, we may also deduce the secular variations of ground or sea level,
Moreover, in this report the harmonic constants, which have been calculated by means of this
method, of long-period tides S, and S, will also be included for 74 ports along the coasts of
Japan,
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TABLE 1. VALUES OF d,,, c0S8 psudp, Sin pgedy, COS pgeedn AND sin pge.d,, FOR COMMON AND LEAP YEAR
For Common Year For Leap Year

m dm coS 05ad sin 0s0lm coS Pgsalm SN Pgsednm dn COS 05l sin 0gd, COS 05508m Sin P el
1 15.5 0.96466 0.26349 0.86114 0.50837 15.5 0.96466 0.26349 0.86114 0.50837
2 45.0 0.71503 0.69909 0.02254 0.99975 45.5 0.70899 0.70522 0.00534 0.99999
3 74.5 0.28517 0.95848 —0.83735 0.54667 75.5 0.26864 0.96324 —0.85566 0.51754
4 105.0 —0.23333 0.97240 ~0.89112 —0.45377 106.0 —0.25002 0.96324 —~(.87498 —0.48416
5 135.5 —0.68905 0.72471 —0.05041 —0.99873 136.5 —~0.70142 0.71275 ~0.01603 —0.99987
6 166.0 ~0.95940 0.28205 0.84090 —0.54120 167.0 —0.96411 0.26550 0.85902 —0.51195
7 196.5 —0.97163 —0.23649 0.88814 0.45957 197.5 —0.96742 —0.25317 0.87181 0.48985
8 227.5 —0.71649 —0.69760 0.02671 0.99964 228.5 —0.70438 —0.70982 —0.00770 0.99997
9 258.0 —0.27065 —0.96268 —0.85350 0.52110 259.0 —0.25405 —0.96719 —0.87092 0.49143
10 288.5 0.24800 —~0.96876 —0.87699 —0.48051 289.5 0.26463 ~0.96435 —0.85994 —0.51039
11 319.0 0.69993 —0.71421 —0.02019 —0.99980 320.0 0.71211 —0.70207 0.01421 —0.99990
12 349.5 0.96355 —0.26751 0.85688 —0.51552 350.5 0.96801 —0.25090 0.87410 —0.48574

TABLE 2. COEFFICIENTS IN THE NORMAL EQUATION (4) FOR COMMON YEAR

S, «@ 22" [ 25am bsom

1.2000000 % 10
2.1805000 x 10°
3.5800426 x 1072
5.2966777 X 1072
—3.3252306 x 1072
4.5566344 x 107%

2.1805000 x 10%
5.2883275 x 105
—9.1953031x 101
—7.0029191 x 102

—8.4105797
~3.6478643 x 102

3.5800426 x 1072
—9.1953031x 1072
5.9833707
2.2783245x 1072
—1.3124306 x 102
5.4931879 x 102

5.2966777 x 1072
~7.0029191 x 102
2.2783245x 1072
6.0166294
1.9651181x 1073
4.8936957 x 10~2

—3.3252306 X 1072
—8.4105797
—1.3124306 x 102
1.9651181x 1072
5.9686893
—7.8620298 x 102

4.5566344 x 107%
—3.6478643 X 10?
5.4931879x 1072
4.8936957 x 1072
—7.8620298 x 1073
6.0313106
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TABLE 3, COEFFICIENTS IN THE NORMAL EQUATION (4) FOR LEAP YEAR
SD : @ [/ 7 ’ bsu. 235 ’ sttz
1.2000000x 10 . .2.1910000 % 103 4.5651337 x 1072 3.0947563 x 102 3.9926477 x 10~ 1.5130253 x 1072
2.1910000 % 103, 5.3312800 x 105, 1.0200084 x 10 —7.0131912x 10% . 4.3322639 —3.6630504 % 102 .
4.5651337 X 1072 1.0200084 x 10 6.0001965 . 7.5650862 % 1073 1.8418293 % 1072 3.3957406 x 1072
3.0947563 x 1072 ~-7.0131912 x 102 7.5650862 % 1072 5.9998063 . 3.0096637 x 1072 2.7245287 x 1072
3.9926477 x 104 4.3322639 1.8418293 % 107 3.0096637 x 1072 5.9998636 —8.3678148 x 1073
1.5130253 x 102 —3.6630504 x 10? 3.3957406 x 1072 2.7245287 % 1072 —8.3678148x 1073 6.0001364
TABLE 4, INVERSE MATRIX FOR SOLVING NORMAL EQUATION (4) FOR COMMON YEAR
1.340732323 —6.891407079 x 1073 —2.141459076 x 1073 ~8.104848182x 1072 ~2.532959597 X 1073 —4.203437434 x 1072
—6.891407079 x 1073 3.776987687 x 1075 9.055587815 X 1078 4.438056612 % 1073 1.641812814 x 107 2.300395775 x 10~2
—2.141459076 x 1073 9.055587815 x 103 1.671520095 x 1072 4.476020069 x 10~ 3.669596666 x 10~ —9.616581809 x 107
—8.104848182x 107" 4.438056612x 1072 4.476020069 x 10~* 6.877085916 x 1071 1.867276568 X 1072 2.689646566 x 102
—2.532959597 X 1072 1.641812814% 107 3.669596666 x 10~ 1.867276568 x 1073 1.675517831 % 1072 1.212056391 % 1073
—4.203437434x 107 2.300395775x 1073 —9.616581809 x 107 2.689646566 x 1071 1.212056391 % 1073 3.059379388 x 107
TABLE 5, INVERSE MATRIX FOR SOLVING NORMAL EQUATION (4) FOR LEAP YEAR
1.302041370 —6.661029862 x 1072 4.691012451 x 1072 ~7.834888648 x 1071 4.534845347 X 1073 —4.063980936 % 10~
—6.661029862 % 1072 3.640696102x 105 —2.909569164 % 105 4.279948020 x 1073 —2.430603504 x 1075 2.220117598 x 1073
4.691012451 X 1073 —2.909569164 x 10-° 1.666964297 x 101 —3.622808247 x 1072 —4.929958558 x 10~ —2.715750576 x 1072
~7.834888648 x 101 4.279948020 x 1073 —3.622808247 x 1073 6.698223590 x 1071 —3.000172766 X 102 2.602389721 x 107
4.534845347 X 1073 —2.480603504 X 10— —4.929958558 X 10~ —3.000172766 X 103 1.666893027 x 107+ —1.276951366 x 1072

~4.063980936 x 10~* 2.220117598 X 1072 —2.715750576 X 102 2.602389721x 1072 —1.276951366 x 1078 3.020565367 x 1072
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TABLE 6, COMPARISON BETWEEN THE RESULTS FROM TwO CASES WHICH INCLUDE OR

NEGLECT LINEAR TERM CONCERNING TIME IN THE OBSERVATION EQUATION

21

Sa Sie Se Ssa Harmonic Con-
@ - _— stants to be
H ‘ K g H £ g H ‘ K g H { « g expected
cm cm 6] ] [ o © cm| [q] 5] cm ] (]
—0.01 20.1 171 171 1.7 305, 305] 18.9 170 170, 2.3 300, 301
—0.02 20.3 171 171 1.6 311 312 17.8 168 168 2.9 301 301
-0.03 19.9 171] 171 1.8 304 304] 16.5 167 167 3.7 296 297 H=20.2
—0.04 1 20.1 170 170 1.8 313 313 15.8 164 164  4.2! 299, 300 S, { -acm
—0.05 20.2, 171 171 1.8 308 309] 14.8 163 163 4.8 296 297 r=171°
0.01 20.6 170 171 1.7 315 316} 21.3 171 171 1.4 322 323/ H=1.7cm
0.02 | 20.4 170 171 1.8 309 310p 22.5 172 172 0.8 337 338] Sea . = 307°
0.03 20. 8] 170 171 1.6 317 318 23.8 173 173 0.8 34 35 K
0.04 | 20.6 171 172! 1.5 306! 307} 24.6 174 175 0.8 76| 77
0.05 20.5 171] 171 1.6 311 3121 25.6 175 175) 1.4 84 85|
—0.01 7.7 109, 109, 11.7 119 120 7.7 100 100] 11.1 120 120
—0.02 7.8 110 1107 11.8 118 119 7.8 91 911 10.5 119 120
-0.03 7.7 107 108] 11.6 119 120 8.1 81 81 9.7 121, 122 H=7.7
—-0.04 8.0 108 108 11.6] 118 118 8.7 76 76 9.2 120 121 S. rfem
—0.05 7.9 109 109 11.6 118 119 9.0, 69 70 8.7 122 122, x = 109°
0.01 8.2 111 112y 11.7 117, 118 8.4 117 117, 12.2 117 118 H=11.5¢m
0.02 8.1 110 110, 11.6 118 119 8.8 125 125, 12.8 117 118] Sea ¢ = 118°
0.03 8.2 112 113 11.8 117 118 9.5 132 132 13.5 116 117 x
0.04 7.9 112 113 11.8 119, 120] 9.8 138 138 14.0 117 118
0.05 8.0 111 111 11.8 118 119] 10.5] 141 142 14.6] 116] 117
TABLE 7, HARMONIC CONSTANTS OF S, AND S,, ALONG THE COASTS OF JAPAN
Position S, S, .
Place @ . * g%rmd ct){ Observer
Lat N, Long, E, H ’ I ‘ g H ’ K ’ g servation
&) r o 7 cm| cm (] o cm ] 4] T
Monbetu 44 21| 143 22 0.00, 4.3/ 200 200 47 236 237 1956~1963 H
Abasiri 44 01 144 17| —-0.027 7.8 206 207 5.3 233 234/ 1959~1963 M
Hanasaki 43 17) 145 35 —0.02 5.4 209) 209 3.1 241 242) 4 M
Kusiro 42 58| 144 22| —0.02 6.1 197 198 3.8 240 241 4 M
Urakawa 42 10 142 46; —0.01 4.8 175 175 4.2 250 251 1958~1966 H
Hakodate 41 47) 140 43| —0.01] 8.3 178 179 4.8 251 252 1959~1963 M
Aomori 40 - 50, 140 46| —0.02| 14.5 179 179 3.7 266 267 4 M
Asamusi 40 54| 140 52| —0.01] 12.1 173 173 4.0, 237, - 238 ” G
Ominato 41 15| 141 09 0.00; 10.4 171 171 3.4 228 229 1954~1963 H
Hatinohe 40 325 141 31 —0.02] 13.9 180 180 3.0 236 237 1959~1963 M
Miyako 39 38 141 58 —0.02] 12.5 183 183 3.2 235 236 4 M
Kamaisi 39 16/ 141 54/ —0.01] 10.3 178 179 3.2, 226 227! 1954~1963 H
Ayukawa 38 18 141 31 —0.03 14.0 188 188 3.8 223 224] 1959~1963 M
Onahama 36 56/ 140 55 —0.02] 13.5 189 189 2.9 2241 225 ” M
Tyasi 35 44| 140 50, -—0.02 14.1) 194 195 1.9 219 220 ” M
Mera 34 551 139 50 —0.02] 11.5 185 185 2.0 166 167 4 M
Katidokibasi 35 40| 139 46/ —0.02 11.5 175 176 2.8 172 173 4 M
(Tokyo)
Sibaura [Tokys)y 35 38 139 45 —0.02 12.1] 170, 170, 2.7 187 187 1961~1966 H
Yokohama 35 26/ 139 40 —0.03 13.2 180, 180 3.3 - 159/ 160 1963~1965 H
Yokosuka 35 17,139 39 —0.02] 10.5 174 175} 2.0 183  183] 1961~1966 H
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TABLE 7. HARMONIC CONSTANTS OF S, AND S;, ALONG THE COASTS OF JAPAN—CONTINUED

Place

Okada [Osima) .
Aburatubo

Ito

Utiura

Simizu

Omaezaki
Maisaka
Nagoya
Toba

Owase

Uragami
Kusimoto
Simotu
Kainan

Wakayama

Komatuzima
Tannowa
Osaka

Kabe

Sumoto

Uno
Takamatu
Matuyama
Kure

Tokuyama

Simonoseki
Mozi
Kaoti
Kati

Tosasimizu

Uwazima
Hosozima
Aburatu

Kagosima

Makurazaki

Nase
Minamata
Misumi
Megami
Hukabori

Tomie
Sasebo

L " e Jperiod o lobsrve
Lat, N, [Long, E, H K g H I3 g
° ’/ ° ’ cm cm © ° cmy ° 9
34 47/ 139 24 -0.07] 17.8 181 181 3.2 127} 128 1959~1963 M
© 35 09 139 37| —0.02] 11.4] 178 179 2.3 170, 171 ” G
34 58/ 139 06 —0.02( 12.1 180 180 2.1 175 176 ” M
35 01 138 54 —0.02 14.3 172 1720 2.8 173 173 ” M
35 00 138 30 —0.02 14.4) 172 172 2.5 153 153 4 M
34 36/ 138 14 —0.020 14.7 1720 1720 2.3 134] 135 4 M
34 41 137 371 —0.03] 15.4 162 163 2.6 115 116 4 M
35 05 136 53 —0.02 17.9, 158 158 2.7 136 136 ” M
34 29 136 51 -—-0.02] 17.2] 166 166] 3.1 139 140 4 M
34 04} 136 12 0.01 10.5 149 150, 2.2 16()\ 161 1955~1959 M
33 331 135 54| —0.04] 18.0 166 167 1.8 169, 170, 1959~1963 M
33 28/ 135 46; —0.02] 13.8 163, 163 2.2 150' 151 ” M
34 06 135 09| —0.02 16.2 159 160 3.8  134] 135 4 M
34 09 135 12| —0.01 15.5 156 1560 2.3 159 160, ” G
34 13 135 09] —0.02 16.5 157 1571 2.5 146 147 ” M
33 59 134 37| —0.01 16.1 155 155 2.1 136 136 ” M
34 20 135 10| —0.01 15.1 155 155  2.11 208 209 ” M
34 39 135 26 0.02| 16.1 157 158 2.8 188 139, ” M
34 41 135 11 0.00] 17.7 155 155 1.5 203‘l 203, ” M
34 20| 134 54/ —0.02f 17.3] 159 159 3.6, 158 159 ” M
34 29| 133 57 0.00; 16.6 152 152 1.2 159 160 ” M
34 21 134 03 -—0.01 17.8 153 153 1.4 144/ 145 ” M
33 52| 132 43 —-0.01 16.0 158] 158 2.3] 162 163 ” M
34 14| 132 33 0.00 15.6] 152 153 0.4] 189 189 1955~1966 H
34 02| 131 48 0.00, 16.2 152 1521 0.3 88| 89| 1954~1966 H
33 58] 130 57 0.00] 18.8 148 149 1.0 173 173 1959~1963 M
33 57| 130 58 0.00| 18.6/ 150; 150, 0.3 210 211 1959~1966 H
33 30, 133 35 -—0.01 16.0, 156| 156 1.5 108/ 109 1959~1963 M
33 30/ 133 34 —0.01 15.6 153} 153 1.5 119 120 ” G
32 47 132 58 —0.01 14.5/ 156 157, 1.2} 114 115 ” M
33 14/ 132 33 0.00] 14.5 154} 154 1.4) 166] 167 ” M
32 26| 131 40 0.00| 14.2] 154 154 1.4 131 131 ” G
31 35 131 25 —0.01 14.8 161} 161 1.9 116 117 ” M
31 36/ 130 34 -—-0.02f 19.4 158 159 1.4 99 100, ” M
31 16/ 130 18/ —0.01 17.8 153] 154/ 1.5/ 103 103 ” M
28 23 129 30; —-0.01 17.0 148 148 1.1 262 263 1957~1966 H
32 12/ 130 23 0.00| 18.2| 148 149 1.7] 334| 335 1932~1950 M
32 37130 27, -0.01 20.2 152 152 1.0 80 81 1959~1963 M
32 43 129 51 0.00, 17.2| 146/ 147, 0.9 92, 93 1950~1960 M
32 41( 129 49 —0.01] 20.0| 150, 150 0.5 62 63 1959~1963 M
32 37/ 128 48/ —0.01 20.2 153 153 0.4 129 129 ” M
33 10| 129 43 0.00; 19.3 148 149 0.8 33 34| 1959~1966 H
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TABLE 7, HARMONIC CONSTANTS OF S, AND S,, ALONG THE COASTS OF JAPAN—CONTINUED
Position Se Ssa :
Place @ girmd ct>f Observer
Lat, N, {Long, E, H ’ £ ‘ g " p g servatino
° ! °© / cm cm| © © cm © N
Izuhara 34 12| 129 18 0.00[ 18.2 155 156 0.7 282 283 1959~1966 H
Tonoura 34 54| 132 04 0.00[ 19.5 155 155 3.0f 230, 231 1959~1963 M
Sakai 35 33 133 14 —0.01] 18.2 155 155 3.7 238 239 ” M
Saigd 36 12 133 20 0.00 17.9] 165 165 2.4 204 205 ” M
Miyazu 35 32 135 12 0.00] 18.4 164 164 4.0 230 230 ” M
Maizuru 35 29 135 24 0.00, 17.4 163 164 3.4] 235 236 1959~1966 H
Wazima 37 24/ 136 54 —0.01 17.5 171 171 5.2 226 227|'1959~1963 G
Kasiwazaki 37 21138 31 —0.01 15.8 178 179, 5.6 227 228 ” G
Nezugaseki 38 34/ 139 33 -0.01 14.8 179 180 5.6 228 229 ” G
Iwasaki 40 35 139 54| —0.01] 13.8 164 165 3.9 224 224 ” M
Osyoro 43 13| 140 52 -—0.01] 10.9 154] 155 3.8 231 232 ” G
‘Wakkanai 45‘ 25| 141 41 0.00; 10.3 154] 154 2.1 2041 204 4 M
TABLE 8, HARMONIC CONSTANTS OF S, AND S,, IN SEASONAL CHANGE IN BAROMETRIC
PRESSURE
S/ Sl .
@ se Period of
Place ITe o H’ ! H/Ssa/Hlsa Hlsa/Hsa HISsa/HSaa Observation
mb ° mb ©°
Omu (instead of 2.1 272 2.4 35 1.1 0.5 0.5 |1959~1963
Monbetu)
Abasiri 1.8 274 2.6 36 1.4 0.2 0.5 ”
Kusiro 1.4 284 2.7 38 1.9 0.2 0.7 ”
Urakawa 1.7 294 2.8 41 1.6 0.4 0.7 ”
Tomie 7.5 293 0.8 71 0.1 0.4 (2.0) ”
‘Wazima 5.0 299 2.2 44 0.4 0.3 0.4 ”
Note,— The letters marked with’ mean the values concerning Barometric Pressure,



