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Harmonic Analysis Trial based on the Tidal Constituents list by TWG/IHO.

1. Introduction

In Japan, traditional 60 tidal constituents are used for tidal prediction of the
major ports, which short period tides are derived from the 1 year harmonic analysis
and long period tides are from several years.

Recently, tidal heights are shown in real-time base through the website of our
JHOD, JMA and etc. In the site, the graphs of observed and predicted tidal heights
and their deviation are shown. Higher harmonics are remarked in the deviation
graph. Additionally, semidiurnal tides in some place are perhaps varied by season.
The “standard tidal constituents list“ by TWG/IHO includes the higher harmonic of
M7 to M12, and M2A and M2B of seasonal change of major M2. Then we tried to
apply the tidal constituents list to the harmonic analysis for several tidal records.

Some constituents in the list have almost same angular speed and unable to
separate for several years, so we have selected 147 tidal constituents considering

the traditionally well-known references.

2. Basic Tidal Equation and Harmonic Analysis by the direct Least Square Method.

Recently, tidal height are digitally observed by digital tidal gauge or electronic
equipments, and recorded in shorter period such as 30 sec. Some tidal records are
long continued over than lyear. We consider the trial applying the data in 6 min.
interval for several years (2006-2009).

Basic tidal equation is same as traditional one;
H@®) =Y fi-Ai-cos {(Vo+ui) +oi‘t—xi} =Y {ACi-cosoi‘t + ASi-cosoi-t}

fi,ui : Astronomical factors, Voi : Astronomical arguments, o1 : Angular speed,
Ai-x i amplitude, phase lag. ACi, ASi: cos, sin components

Suffix i = tidal constituents =60, or 147 ( M2A,M2B,,, and M7,M8,,, M12)

fi,ui : varied with (t) , which was assumed constant during the analysis period in
traditional harmonic analysis.

(t) : time interval, 1hour — 6min.



3. Results

Applying to the tidal height data of Hiroshima in 6min. interval for 4 years,
2006 - 2009 (RDMDB/ NEAR-GOOS by JODC), (1) 147 and (2) 60 harmonic
constants in the Table 1 are derived using the least square method directly. The
previous harmonic constants (3) 60 were also listed in the Table, which were
calculated by the T.I. method except the long period tides Sa and Ssa. In order to
check each reliability of the HCs, tidal predictions are calculated for 1 year, 2010,
using (1), (2) and (3). Comparing with the observed data of 2010, the correlation
coefficients are (1) 0.9944, (2) 0.9942, and (3) 0.9940, and the standard deviations are
(1) 9.13, (2) 9.23, and (3) 9.42 cm, respectively. Each amplitude and phase lag of
major tidal constituent is marvelously same. Minor constituents added in (1) 147,
are almost small except MA2 1.3cm and 2MO5 1.1cm. This result means each tidal
prediction is not so different in a particular day as shown in Figure 1, but the each
deviation from the observation is clearly different that (1) 147 HCs is able to predict
the higher harmonic constituents compared to (2) and (3) 60 HCs.

Figure 1. Comparison of Tidal Predictions, Hiroshima 2010 (Obs.-Pred.).
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4. Conclusion
This trial result shows the prediction by ordinary 60 HCs is practically enough

because the correlation of Obs. and Pre. is more than 0.99 and S.D is less than 10cm.



But for the more precise prediction, the higher harmonics of shallow water tides and
seasonal fluctuation of major constituents such as MA2 for M2, should be included.
In other trial case, the reliability of (1) 147 HCs is not better than (2) or (3) 60 HCs,
in which reason the several day period fluctuation, perhaps non-tidal, may affect the
tidal height. In conclusion, in order to improve the reliability of tidal prediction,
considering the non-tidal components to separate well with tidal fluctuation, the
proper tidal constituents set should be used representing well higher harmonics and

fluctuation of major constituents.
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Solution Hiroshima Solutio Hiroshima LE
147 60 60
Corre. 0.9944 0.994 0.994
Obs—Pre. S.D. 9.13 9.23 942
Z0 325.1 Z0 325.1 Z0 200
1 Sa 171 144.6 Sa 171 144.6 Sa 18.1 152.7
2 Ssa 11 944 Ssa 11 944 Ssa 1 336.9
3 Mm 09 96 Mm 09 96 Mm 1.8 2389
4 MSf 0.8 293.8 MSf 08 2938 MSf 08 2677
5 Mf 1.1 921 Mf 1.1 92.1 Mf 1.2 206
6 2Q1 05 1854 2Q1 05 1854 2Q1 0.7 1511
7 sigmal 11 2451 sigmal 1.1 2451 ol 08 2395
8 Q1 46 182.8 Q1 46 1828 Q1 44 1871
9 rhot 1 162.9 rhol 1 162.9 o1 1 167
10 O1 22.8 194.9 O1 228 1949 01 225 1947
11 MP1 2.1 2845 MP1 21 2844 MP1 1.1 3052
12 M1 11 2134 M1 1.1 2134 M1 1.5 2331
13 Khail 0.2 161.5 Khail 02 1616 x1 05 1946
14 pail 0.7 236.1 pail 0.7 236 /o 0.7 2238
15 P1 9.3 218.8 P1 93 2188 P1 95 2203
16 St 1 100.2 St 1 100.2 S1 14 1172
17 K1 31.3 216.9 K1 31.3 2169 K1 312 2171
18 psail 05 250.8 psail 05 250.7 U1 04 1794
19 fail 04 172.2 fail 04 1723 o1 05 1894
20 thetat 04 253.8 thetat 04 2538 61 03 2622
21 J1 1.7 256.3 J1 1.7 2563 J1 1.6 2577
22 SO1 15 5.6 SO1 15 5.6 SO1 1.7 0
23 001 1.2 283.9 001 1.2 2839 001 09 3215
24 0Q2 0.2 16.6 0Q2 0.2 17 0Q2 05 2265
25 MNS2 05 180 MNS2 05 1795 MNSZ 04 448
26 2MK2 05 1425
27 2N2 2.1 266.7 2N2 2.1 267 2N2 23 2506
28 myu2 09 18.7 myu?2 09 18.5 u2 04 80.9
29 SNK2 0.3 3.7
30 NA2 0.3 279
31 N2 17.8 265.9 N2 17.8 266 N2 17.8 266.3
32 NB2 0.6 202
33 nyu2 3.8 265.7 nyu2 39 2657 V2 35 276.2
34 OP2 05 69 OoP2 05 69.5 oP2 0.7 1879
35 MA2 1.3 200.5
36 M2 102 2778 M2 102 2778 M2 102 278.3
37 MB2 0.3 3249
38 MKS2 0.8 122.8 MKS2 08 1223 MKS2 0.8 89.9
39 lamda2 1.6 297.7 lamda2 16 2978 A2 1.9 308.6
40 L2 3.6 297.6 L2 36 2976 L2 34 2991
41 2SK2 0.3 42
42 T2 26 302.2 T2 25 3023 T2 28 308.5
43 S2 424 307.8 S2 424 3078 S2 419 3078
44 R2 04 306.3 R2 05 3057 R2 0.7 3155
45 K2 12.2 3034 K2 122 3034 K2 121 305.1
46 MSN2 0.6 83.7 MSN2 0.6 844 MSNZ 1 1473
47 KJ2 0.7 129 KJ2 0.7 129 KJ2 06 1364
48 2SM2 15 179 2SM2 15 179 2SM2 14 1681
49 MQ3 0.1 143.6 MQ3 0.1 1443 MO3 0.1 1571
50 MO3 0.3 150.9
51 2MP3 0.3 204.5
* 52 MA3 0 143.9




53 M3 04 3429 M3 04 3424 M3 0.5 2.1
* 54 MB3 0.1 233.5
55 MP3 04 2249 MP3 04 2252 SO3 0.3 64.7
56 MK3 03 1814 MK3 03 181.9 MK3 0.1 29.8
57 2MQ3 0.1 238.8
58 SK3 0.4 226 SK3 04 226.1 SK3 0.3 210.1
59 3MK4 0.1 289.7
60 3MS4 02 3205
61 MN4 0.5 28.4 MN4 0.5 284 MN4 0.6 34.9
62 Mnyu4 0.1 123
63 2MSK4 0.1 312.7
64 MA4 0.1 269
65 M4 1.2 425 M4 1.2 42.5 M4 1.8 392
* 66 MB4 02 1123
67 2MKS4 02 1107
68 SN4 0.3 30.1 SN4 0.2 30.3 SN4 0.1 30.8
69 3MN4 0.1 306.4
70 MS4 1.3 63.4 MS4 1.3 63.4 MS4 1.8 725
71 MK4 0.5 47.7 MK4 0.5 476 MK4 0.7 60.9
72 2MSN4 0 2214
73 S4 0.2 91.9 S4 0.2 91.9 S4 03 1109
74 SK4 0.2 100.9 SK4 0.2 100.9 SK4 0.1 185.2
75 2MQ5 0.6 4.8
76 2MO5 1.1 23.8
* 77 MAS 0.1 136.3
78 M5 04 92
* 79 MBS 0.1 254.2
80 2MS5 0.1 3.3
81 3MQ5 0.2 214
82 MSK5 0.9 358
83 4MK6 0.1 280.3
84 4MS6 09 2595
85 2MSNK6 0.1 297.8
86 2MN6 1.5 13341 2MN6 1.5 133 2MN6 1.5 1395
87 2Mnyu6 06 1157
88 3MSK6 02 3293
89 MAG 0.1 261
90 M6 3.1 143.7 M6 3.1 1436 M6 3.3 149.6
91 MB6 0.1 239.9
92 MSN6 08 176.1 MSNG6 08 176.5 MSNE 1 1849
93 4MSN6 05 3141
94 2MS6 42 1758 2MS6 42 1758 2MS6 45 1833
95 2MK6 1.2 1693 2MK6 1.2 1694 2MK6 1.3 1781
96 3MSN6 0.9 354
97 2SM6 1.2 2231 2SM6 1.2 2232 2SM6 09 2202
98 MSK6 0.8 2094 MSK6 0.8 209.2 MSK6 0.8 2244
99 3MQ7 0.2 447
100 4MK7 0.3 60.6
101 MNSO7 0.2 84.2
102 MA7 0 1905
103 M7 0 3224
104 MB7 0 3158
105 3MK7 0.2 83.8
106 MSKO7 02 311.7
107 2(MN)8 0.1 320.4
108 3MNS 0.1 302
109 MA8 0 93.2
110 M8 0.2 3583
111 MB8 0 2514




112 2MSN8 0.1 17.6
113 3MS8 0.4 375
114 4MSN8 0 3397
115 2(MS)8 0.2 90.1
116 3MNO9 0.1 74.8
117 2(MN)K9 0 79.2
118 MA9 0 242
119 M9 0.1 1349
120 MB9 0 7.8
121 4MK9 0.1 1181
122 3MSK9 02 1826
123 3M2N10 0.1 3042
124 4MN10 0.1 3506
125 MA10 0 94.8
126 M10 0.1 17.2
127 MB10 0 92.9
128 3MSN10 0.3 7.7
129 4MS10 0.5 235
130 2(MS)NT! 0.1 94.3
131 3M2S10 0.4 61.7
132 3SMN10 0 201.6
133 3S2M10 0.1 1128
134 MA11 0 2439
135 M11 0 3121
136 MB11 0 292
137 XMS11 0.1 63.9
138 4MSK11 0 25
139 5MN12 0 1382
140 MA12 0 27.1
141 M12 0 1465
142 MB12 0 62.3
143 4MSN12 0 141.1
144 5MS12 0.1 88.4
145 3M2SN 1 0 212
146 4M2S12 0 168
147 3(MS)12 0 2885






