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0 Zy 0.0000000 43 M, 28.9841042 86 | 2NMKS, 85.9457005
1 Sa 0.0410686 44 MKS, 29.0662415 87 2MN, 86.4079380
2 Ssa 0.0821373 45 M2(KS), 29.1483788 88 | 2MNKS; 86.4900752
3 Sa, 0.1232059 46 | 2SN(MK), | 29.3734880 89 M, 86.9523127
4 Sa, 0.1642746 47 A, 29.4556253 90 MSN, 87.4238337
5 MSm 0.4622374 48 L, 29.5284789 91 MKN, 87.5059710
6 Mm 0.5443747 49 T, 29.9589333 92 2MS, 87.9682084
7 SMm 0.5854433 50 S, 30.0000000 93 2MK, 88.0503457
8 MS§ 1.0158958 51 R, 30.0410667 94 NSK, 88.5218668
9 Mf 1.0980331 52 K, 30.0821373 95 25M, 88.9841042
10 SaMf 1.1391017 53 MSN, 30.5443747 96 MSK, 89.0662415
11 Mtm 1.6424078 54 KJ, 30.6265120 97 Ss 90.0000000
12 2Q, 12.8542862 55 | 2KM(SN), | 30.7086493 98 2ZMNO, | 100.3509735
13 g, 12.9271398 56 2SM, 31.0158958 99 2NMK, | 100.9046318
14 Q 13.3986609 57 SKM, 31.0980331 100 2MS0, 101.9112440
15 0 13.4715145 58 " NO, 42.3827651 101 MSKO, - | 103.0092771t
16 o, 13.9430356 59 2MK, 42.9271398 102 | 2(MN); | 114.8476674
17 MP, 14.0251728 60 M, 43.4761563 103 3MN, 115.3920422
18 M, 14.4920521 61 SO, 43.9430356 104 3MNKS; | 115.4741795
19 X, 14.5695476 62 MK, 44.0251729 105 M, 115.9364169
20 o 14.9178647 63 SK, 45.0410686 106 2MSN, 116.4079380
21 P, 14.9589314 64 N, 56.8794590 107 2MNK, 116.4900752
22 S, 15.0000000 65 3MS, 56.9523127 108 3MS, 116.9523127
23 K, 15.0410686 66 MN, 57.4238337 109 3MK, 117.0344500
24 & 15.0821353 67 MNKS, 57.5059710 110 MSNK, | 117.5059710
25 ® 15.1232059 68 M, 57.9682084 111 2(MS), 117.9682084
26 4, 15.5125897 69 SN, 58.4397295 112 2MSK, 118.0503457
27 A 15.5854433 70 KN, 58.5218668 113 | 2M2NK, | 129.8887360
28 2P0, 15.9748272 71 MS, 58.9841042 114 3MNK, 1| 130.4331108
29 SO, 16.0569644 72 MK, 59.0662415 115 4MK, 130.9774855
30 00, 16.1391017 73 SL, 59.5284789 116 3MSK, 131.9933813
31 2NS, 26.8794590 74 S, 60.0000000 117 4MN,, 144.3761464
32 2NK2S, 26.9615963 75 SK, 60.0821373 118 Mo 144.9205211
33 0oQ, 27.3416964 76 MNO, 71.3668693 119 3MNS,, | 145.3920422
34 MNS, 27.4238337 77 2MO, 71.9112440 120 4MS,, 145.9364169
35 MNK?2S, 27.5059710 78 3MP, 71.9933813 121 | 2MNSK,, | 146.4900752
36 2MS2K, 27.8039338 79 MNK, 72.4649023 122 3M2S,, 146.9523127
37 2N, 27.8953548 80 2MP, 72.9271398 123 4MSK,, 160.9774855
38 A 27.9682084 81 2MK, 73.0092770 124 M, 173.9046253
39 N, 28.4397295 82 MSK, 74.0251728 125 4MNS,, | 174.3761464
40 v, 28.5125831 83 3KM, 74.1073101 126 5MS,, 174.9205211
41 2KN2S, 28.6040041 84 3NKS, 85.4013258 127 | 3MNKS,, | 175.4741795
42 oP, 28.9019669 85 2NM, 85.8635632 128 4M2S,, 175.9364169
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STUDIES ON PREDICTION OF SHALLOW WATER TIDES

Xu Hanxing (Shu Han-shing)
(The Design and Research Instilute of the Shanghai Waterway Bureau)

ABSTRACT

This paper mainly describes a new approach to tidal prediction. which has been
developed on the characteristics of shallow water tide of the Shanghai Harbour.

The water depth of the access channel to the Shanghai Harbour is comparatively
shallow and the tide here is of “the irregular semi-diurnal shallow-water type under
constant influences of weather condition and the river run-off of the Changjiang River
(Yangtze River). The variation of the tidal flow is complicated owning to the combina-
tion of the periodical and non-periodical fluctuation of tidal water. Therefore, it’s
necessary to have reliable and accurate tidal prediction for navigation.  Through the
practice of more than a decade, a complete set of methods for tidal prediction has been
developed. For periodical water level variation of the astronomical tidal constituents,
method of computerized harmonic analysis is now adopted with calculating efficiency
and comparatively high accuracy. For non-periodical water level fluctuation, a weather
chart method has been adopted, which is simple in operation and produces compara-
tively good result. Based on the combination of the above 2 methods, a one-day short-
term tidal prediction is issued for navigation of ships serving the Shanghai Port, for
flood-control efforts of the muniecipality and for other purposes. The new approach
is characterized as follows:

1. The tidal height model for harmonic analysis and prediction computation' has
been improved. Based on the tidal behavior in the shallow water area, significant tidal
constituents have been selected in line with local conditions to form a model of tidal
height computation, and the required span of data analysis was defined, resulting in
an increase of the prediction accuracy of about two times and more.

2. Computation method for harmonic analysis and prediction has been simpli-
fied. The original point of the calculation for harmonic analysis is shifted from the
initial point to the central in the continuous sequence of tidal heights, resulting in
greatly simplifying the computation of matrix elements on the left-hand of the equa-
tion. Watt’s interation formula is fast-rated for ecomputation of the vector elements on
the right-hand of the equation; cosine table method is simple and efficient in computa-
tion of the numerous trigonometric functions; Gauss-Seidel iterative system is quick in
converging the solution of the matrix equation. The overall computation rate is thus
inereased 98% and more. The cosine table method is also used to calculate the large
amount of trigonometric functions in computation for tidal prediction, and a method
of approximation is adopted for the caleulation of the tidal hours and tidal heights of
both low and high water, resulting in an increase of 60% in processing rate.

3. The method is, in principle, ecapable of processing any wished number of tidal
constituents within the capacity of the computer. Take the Shanghai Harbour as an
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example, tidal models consisting of 11, 60, 63, 128 and 168 tidal constituents have been
computed respectively with satisfactory results. Experience of practical application of
the method indicated that it is efficient not only in the tidal prediction for shallow water
area of the Shanghai Harbour and the Changjiang River Estuary, but also in the pre-
dietion of the semi-diurnal tides, mixed tides and diurnal tides for the coastal areas
of our country, including the Hangzhou Bay, the Minjiang River Estuary, the Xiamen
Harbour, the Zhujiang River (Pearl River) Estuary, the Beibu Bay (Gulf of Tonkin),
the Lianyungang Harbour, the Qinhuangdao Harbour, and ete.

4. For prediction of non-periodical water level fluctuation, main econsiderations
are given to the factors of meteorology and river runoff. Other casual factors influenec-
ing waterlevel fluctuation are omitted. Prediction is conducted mainly on the principles
of meteorological tide correlationship and meteorological tide re-occurance. There is a
certain type of correlationship between the weather conditions at the time and the
meteorological tide. It’s also comsidered that the possible meteorological tide in the
future is something of a re-occurance of the recorded meteorological tide in history
under the similar weather conditions. Therefore, the corresponding waterlevel fluctua-
tion can be predicted. As to the waterlevel fluctuation due to river runoff, prediction
is based on the correlationship between the measured water level at the time and the
tendency of the previous variation.

5. The long-term prediction of periodical astronomical tides is issued annually.
This type of prediction superimposed by the water level fluetuation prediction for the
given hours results in the short-term prediction of the possible waterlevel for the time
concerned. The short-term prediction, which is simple and convenient in processing,
effective in use and saving in cost, is issued daily for users.

6. The above mentioned methods of ¢computerized harmonic analysis and weather-
chart prediction of fluctuation are valid, in prineiple, for prediction of either tides or
tidal current in shallow water area. Results of the application of the methods have
been proved to be satisfactory.



