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Abstract

In a harmonic analysis for tide and tidal current, the number of calculable harmonic consti-
tuents is limited by the duration of observation. And, in order to utilize the result from a short period
observation, for a longrange prediction, it is necessary to compensate such a short perid result, taking
into account some effects of harmonic constituents which can not be separated or determined directly
from the short observation. For this purpose, it is thus customary to calculate more constituents than
are determined in the conventional methods, on basis of an assumption of the relation in amplitude
and phase lag between the constituents. The essential theme in the harmonic analysis for short
period observation lies in how such an assumption is established and expressed in the harmoic analy-
sis.

In this report, the newly developed analyzing method is compared with two conventional
methods, in the aspects of the compatibility between observed values and predicted ones and the
reproducibility of original spectrum. The method is characterized by the assumed relations which are
expressed directly by normal equations for the least square method.

Application to 15 day tidal current data shows that the new method is better than the two
conventional methods, with respect to the fitness between the observed value and the predicted one

and the reproducibility of the original spectrum,
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Table 1 The Parameters of each Harmonic constituent.

Symbol kl k2 k3 k4 | Orign| Amp.
Q1 1 =2 0 1 | Moon [0.,01293
0ol 1 =1 0 0 Moon [(0.06752
Pl 1 1 =2 0 Sun 0.03142
K1l 1 0 0 Both [0.09497
N2 2 -1 8] 1 Moon {0.01558
M2 2 0 0 o Moon {0.,08136
sz 2 2 =2 0 Sun [0.03785
K2 2 2 0 0 Both |{0.01030

* Doodson number.
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Table 2. The separation of Harmonic constituents by observation period.

Duration#* Separation
1 day Semi-diurnal Diurnal

15 days M2 - S2 K1l - 01
1 month M2-82(K2)-N2 K1(P1)-01-01
6 month M2-S2-N2-K2 K1-01-P1-0Q1

* Junar day,lunar month.,
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Figure 1 The flow chart of each methods.

5-2 F—% LOEAM

BB X 2 AMAROREREE AV CHERTY, BHEL o2k Roikz. Fvies— 2 R NEORER
THELNE 15 BEWIREMETHS. UT TR, EFARSC2VTHRE R, FRSTLRETHS.

FIRCEHECHEONEHRERE TR, £OWORERET 3 &, HEFECLY 10% BEOEVH
»5 (GF2ED.

HIRR, KELNHOZ A0BREER KB L2 b D Th B, WHEDE (0-P) 1, HK0.8 /v MTRES,
FHERERITI30.05 7 v MEELPECVCA TR, 20 O-P OEESMEE 4 ISR+, EYERRE LR
HEEE e 5 L, HD. 57T 0,247, LSI © 0,245, LS T0.244 / v N Tho7e. 2D, FHEWITE,
LS T #ARbLBRCESEERLE. EL, ULoVgaREED, HRECH Y BIE L SRR
LB L DB Th o, MBHCTH S NIl L EREDE TR 2 L RT3 BER D5,

5-3 FRAMEHMOBRIE

HD., BTHONHEIEERE A CHEELEY, Bz ol EEE A5k » THMMEL, bLo)
ikt 3 HEMER R, 2%, F-2REESAEBRERZ Ao THY, MOMESEREENT
Wig, ZOBEBMERRRL LIk Y, RE, BIWRE&OTRICHTS, SRS EOEEEE HRF



78 M. ODAMAKI

Table 3 The results of each Harmonic Analysis.

M2 S2 K2 N2 K1 01 Pl Q1 M4 HS4 Const.,

1,725 0.591 0,161 0,266 0.214 0.194 0,071 0.087 0.111 0,079 _, -,
H.D. 238.4 254.4 254.4 241.4 140.8 107.8 140.8 141.3 348.6 4.4
Bolis 1 1,706 0,545 0,148 0.280 0.213 0,206 0,071 0,104 0.139 0.073 _ ..o
237.1 254.9 254.9 230.8 138.7 119.6 138.7 173.7 336.2 345.8
1.694 0,569 0.154 0,270 0.216 0,218 0.072 0,114 0.139 0.073 _o .o
LS II  237,4 253.6 253.6 230.3 140.9 120.4 140.9 173,8 336.2 345.9
0.658 0.305 0.083 0,168 0.145 0,023 0,048 0.016 0,111 0.110 _y ;4o
H.D, 226.7 250.0 250.0 203,2 154.6 118.5 154.6 196,6 327.3 344.3
LA " 0.636 0.283 0,077 0,167 0,143 0.064 0,048 0.048 0.103 0,107 _y oo
226.5 249.1 249.1 195.3 154.9 151.0 154,9 233,0 318.2 346.5
Ls 11 0+629 0.297 0,080 0.162 0.139 0.071 0,046 0.052 0.103 0.107 _g oo
227.0 247.8 247.8 193,9 157.0 149.1 157.0 225.0 317.8 346.1
upper - amplitude (knot) lower = phase lag(®°)
1.70
L L L
A ~1 » — LS II
— LS I
-
0,55 4 b e H.D»
_z 2
0.25
= O
0.20
...... 2
M2 s2 —
K2
K1 o1 amm
0.10
M4
k Q1
Pl q
0.0

Figure 2 Comparison of Harmonic amplitudes obtained by each method.

THRZERTESL. 0k), BRESECE, F0WMTHEL S - THIWERSHVM & {2380z, e
HERKEL(RBREDOERERELONS,

B5 RICEFETHRSNAERNEROEE R+, BEBBIL LoRERICECBEERMEN L V. o
BB T AE BB LOEERESEICRT. LSI R, S, MRSt KERADFELELHDL, 2T EEM
PEC, HD. i, LST IRERTEZWNE L, R okfaskvoT, HEHkxRv. SO LS i,
AHRZEOHENT, BERERKL LOFHEERTS.
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O—o0 Observed.
@—@ Predicted.
2.0 Spring stage.
1.0
0.0 * R/ Ay
6
0. 18 24 h
=1.0 1
"'2;0 1 :-:
Difference
knot: between each methods.
2.0 1
Neap stage
1.0 +
0.0 ——
24h,
1.0 1
-2,0
knot
Figure 3 Comparison between the observed value and the predicted.
Table 4 Histogram of the observed value minus the predicted.
diff-1,2-1.0~0.8-0.6-0.4-0.2 0.0 0.2 0,4 0.6 0.8 1.0 1.2 R.M.S.
H.D. 3 5 30 72 136 78 26 6 3 0.247
E. LS I 2 7 22 80 138 74 27 5 4 0.245
LS II 2 7 24 80 135 76 27 6 2 0.244
H.D, 1 6 7 17 31 72 87 74 31 23 8 2 1 0.374
N. LS I 5 10 14 33 71 88 74 31 21 8 3 0.371
LS II 5 10 15 32 76 84 74 32 20 7 4 1 0.370
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=—-— H.D,

....... v seeeneee LS T
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"1 .0 000 100
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Figure 4 Histogram of Obs.-Pre: See table 4.

Table 5 Reproducibility of Harmonic constituents by each methods.

M2 s2 K2 N2 KI ol Pl Q1 M4  MS4 Const.,
1,725 0.591 0.161 0,266 0.214 0.194 0.071 0.087 0,111 0,079
ORIGIN -0,302
238.4 254.4 254.4 241.4 140.8 107.8 140.8 141.3 348.6 4.4
1.720 0,591 0.161 0.264 0,213 0,198 0.070 0,087 0,109 0.080 _ 50-
H.D 238.4 254.4 254.4 240.9 140.0 108.4 140.0 140.5 347.9 4.5
E. 1.737 0,565 0.154 0.277 0,210 0.183 0,070 0.079 0.111 0,080 _¢ 3.,
Ls 1 238.1 255,8°255.8 241,5 139.0 106.2 1390 137.0 348.4 4.6
LS II 1.725 0,591 0.160 0.266 0,214 0.194 0,071 0,087 0,111 0,079 _4 30,
238,4 254.4 254.4 241.3 141,0 107.8 141,0 141,0 348,4 4.5
0.658 0.305 0,083 0,168 0.145 6,023 0,048 0.016 0,111 0,110
ORIGIN -0.193
RIGL 226.7 250.0 250.0 203.2 154.6 118.5 154.6 196.6 327.3 344.3
.y 0.656 0.305 0.083 0.168 0.144 0.026 0,048 0,017 0.111 0.110 _¢ ;0.
226.7 250.1 250.1 202.8 154.3 121.0 154.3 195.0 326.9 344,2
N. 0.665 0.291 0,079 0,173 0.142 0,016 0,047 0,010 0,111 0.110 _o 1o+
Ls I 226.4 251.5 251,5 204,3 152.7 105.4 152,7 202.2 327.2 344.2
0.658 0.305 0,083 0,168 0.145 0.023 0,048 0.016 0,111 0.110 _g 193
LS 11 226.7 250.0 250,0 203,2 154.9 118.2 154.9 195.,9 327.1 344.2

* upper = amplitude {knot), lower = phase lag (°)
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Figure 5 The test of the reproducibility. Upper is original spectrum, and lower is deviation

from original spectrum.
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Appendix. FC, FS oB#icon»T
FC, FS 72 % BAREIZ,
FC (o1, a3, PC, PS)=cos ,¢+PC-cos gyt —PS+sin o2t
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S (o1, 02, PC, PS)=sin ¢+ PS-cos got+PCsin gyt
EEHENTWS. (6) ARk, BERSEERS L,
Zc:FC (oy, 02, PC, PS)= ; cos dlt+PC-§: cos azt—PS-ZL] sin oyt
%‘.FS (o, 03, PC, PS)= cZ sin dlt+PS-§] cos azt+PC-Z$} sin oyt
?FC (a1, 63, PC, PS)-FC (4}, o, PC’, PS")
= Zt] cos git+cos ait+PC’» Zc: cos g1+ cos o3t —PS’+ %} cos o,¢+sin oot
+PC-Z&) €os gyt Ccos 0{t+PC-PC’-; cos a5t cos ait— PC-PS/» ; COS g5t +sin ot
—PS- ; sin oq¢- cos oit— PS-PC’- ; sin gyt cos ot — PS-PS/+ cZ sin gq¢+sin a3t
;FS (g1, 02, PC, PS)-FS (o1, a2, PC’, PS")
= ; sin g1¢+sin oit+PS’ - ; sin ¢, cos a3t+PC’+ %} sin g+ sin gjt
+PS- Zc: €oSs gyt sin g2+ PSPS/- Ztl cOS gat* CcoS JQH-PS-PC’ZE oS oyt -sin oot
+PC- ); sin oyt+sin oit+PC+PS’+ ZL} sin oyt cos a£t+PC-PC'; sin gyt sin oyt
ZL}FS (a1, 02, PC, PS)-FC (o1, a3, PC’, PS’)
= ZL} sin g,¢-cos ojt+PC’- Z‘: sin g,¢* cos aét——PS’-Zt} sin ¢,f+sin o5t
+PS- Z&} cos aqt+cos git+PS-PC’- T_; cos gyt cos gt — PS-PS/- ZL] COS gt sin agt
+PC- ; sin got-cos oit+PC-PC’- ; sin gyt cos gjt—PC-PS’- ; sin gq¢+sin o3t
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