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Fig. 1 The locations of tide gauges
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Table 1 The information of tide gauges

WEARR G AN SEFCE || WA HS SN ZJEE

e 1 2999 12184 || 7FUf 10 3059 121.10

ESYiH 2 2993 12187 || RS 11 29.84 122.06
Tk 3 2994 12195 || #AE 12 29.68  121.82
TE 4 3000 122.05 PEE 13 29.63  121.85
WE 5 3029 122.06 || #E 14 3037 12090
T 6 3044 12228 || HED 15 2995 12172
L 7 3072 12251 A 16 2923 121.96
U] 8 3072 12280 || 15ih 17 3028 12222

Mk 9 3066 12121 || F= 18 2994 12185
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Table 2 Vector differences of harmonic constants using different regression methods at Shipu (unit: cm)
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Fig.2 Comparison of ridge regression parameters under

different admittances forms
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Table 3 Harmonic constants at Shipu using CHA (one-year
records) , EOT20 model and MHACS (336 h records) methods
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Fig. 3 Results of different harmonic analysis methods at Shipu
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Table 4 The performances of different harmonic analysis

methods at Shipu
ik fRRRE T I 2/%  ¥IriiR2E/m  EBRKi%E/m
CHAJ % 94.6 0.28 1.01
MHACS /5% 94.7 0.29 0.94
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Table 5 Comparison of the amplitude errors of 18 stations
obtained from the MHACS method and the EOT20 model
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Fig. 5 Theoretical depth datum calculated using MHACS results in the coastal area of Zhejiang

&6 FIAMHACS £&RITEMINTIEBEIERELEEE
Table 6 Theoretical depth datum calculated using MHACS results in the coastal area of Zhejiang
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Fig. 6 Distribution of daily form factor (F) values using MHACS results
F7 WMDEESWMABYLEBRBHEAY
Table 7 Tidal types and daily form factor values at stations in the coastal area of Zhejiang
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Fig. 7 Distribution of monthly tidal envelope factor (£) using MHACS results
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Table 8 The monthly tidal envelope factor E at various stations in the coastal area of Zhejiang
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Application of a modified tidal harmonic analysis method in the analysis of
short-term tide levels offshore Zhejiang

Zhou Huamin', Pan Haidong”, Yan Yuhan', Liang Liang', Chen Lixiao', Gao Haifeng', NiRan’

(1. Zhejiang Institute of Hydraulics and Estuary (Zhejiang Institute of Marine Planning and Design), Hangzhou, 310020, China; 2. First In-
stitute of Oceanography, Ministry of Natural Resources, Qingdao, 266061, China; 3. Ningbo ShangHang Surveying and Mapping Co., LTD.,
Ningbo 315200, China)

Abstract: Due to the limitations of the Rayleigh criterion, classical harmonic analysis (CHA) model requires half a
year of data records to analyze the eight main tidal constituents, namely, M,, S,, N,, K,, K,, O,, P,, Q,. For short-
term tidal records, the unresolved constituents typically rely on the ratio differences from nearby long-term tidal
stations for estimation. However, there is a scarcity of publicly available long-term tidal data in the coastal areas of
Zhejiang, which currently prevents the accurate extraction of the main constituents from short-term records. This
paper introduces a modified harmonic analysis model, referred to as the Modified Harmonic Analysis model based
on the Credo of Smoothness (MHACS). Based on the smooth functions established by the intrinsic connections
between major constituents, it breaks through the Rayleigh criterion, significantly reducing the length of tidal re-
cords required, especially suitable for coastal areas with abundant short-term data. This algorithm was applied to
the multi-island area of Zhejiang offshore, using tidal records shorter than 15 days. The results show that the har-
monic constants of the eight main constituents at the Shipu station are very close to the results obtained by the CHA
method, and the required data length is reduced from 8 760 hours to 336 hours, which can be used to calculate char-
acteristic parameters such as the theoretical depth datum. For analyzing the eight main constituents along the Zheji-

ang coast using MHACS, a minimum data length of 5 days is recommended.

Key words: Zhejiang offshore; multi-island; short-term tidal records; harmonic analysis; tidal admittance
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