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Error analysis of chart datum under variations of
mean sea level and harmonic constants

YU Liangliang', WANG Qi’, ZHOU Yang', SONG Zekun'
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2. Marine Monitoring and Forecasting Center of Zhejiang Province, Hangzhou 310007, China)

Abstract: Quantitative analysis of the error of the chart datum under the variations of mean sea level and harmonic
constants can improve the accuracy of sea charts. Year-to-year harmonic analyses were carried out using multiyear
monitoring data from the Zhapu, Dinghai, and Jiantiao stations in Zhejiang Province. The mean annual sea level of
the three stations shows an increasing tendency with fluctuation, and the maximum interannual errors are 21 cm,
16 ¢cm, and 16 cm. The interannual variations of the amplitudes of the main tidal constituents are not all the same .
the relative change of annual constituents is larger than that of semidiurnal constituents, which in turn is larger than
that of diurnal constituents. The maximum errors of the amplitudes of the Sa, M2, S2, K1, and Ol components are
13¢m, 20 em, 10 em, 3 cm, and 3 c¢m, respectively. As a result of the instability of the mean sea level and
harmonic constants, the maximum errors of the chart datum of the Zhapu, Dinghai, and Jiantiao stations are 33 cm,
26cm, and 31 cm, respectively, and even if Vladimir J Ki’s thirteen subtidal algorithm is used, the maximum errors
can reach 28 em, 22 em, and 28 ecm. In contrast, the cumulative frequency of shoals using the theoretical depth

datum is below 1%, indicating wide applicability.
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Table 1 General conditions at stations

i % i fisf i) 1985 [ K = B ELMETH R/ cm
A 121°06. 47'E 30°36. 61'N 1971—2006 188.7
T 122°03. 32'E 30°00. 37'N 1984—2012 753.0
fa Bk 121°38. 11'E 30°02. 09'N 1990—2012 195.0
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Fig. 2 Variation of mean sea level and amplitude of main tidal constituents
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Table 2 Eigenvalue statistics of main tidal constituents
S AR
i T8 e I 7
e ARAE/ em F2/IME/ em FH{H/ em B K2/ em FAXW 2/ % FrifE 2

= 43 22 32 21 64. 66 4.58

18- Tl FE 33 17 26 16 61.51 4.60
feedk 35 20 26 16 59.11 3.59

Il 25 12 18 13 72.55 2.63

Sa FE 21 8 16 13 80. 73 2.75
fedk 20 8 15 12 80. 36 3.14

Bl 226 206 217 20 9.06 5.31

M2 TE 1 97 88 93 9 .52 2.77
ft Bk 193 183 188 10 5.56 2.75

ET 84 74 79 10 12.57 2.43

S2 E 41 36 38 5 13.25 1.42
ftt Bk 79 74 77 5 5.95 1.02

B 37 34 36 3 9.76 0.89

K1 E il 31 30 30 1 4.51 0.34
fadk 31 30 31 1 2.81 0.23

Il 23 20 22 3 12.95 0.73

01 pckiina 21 20 20 1 5.81 0.30
fek 23 22 23 1 .70 0.21
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Table 3 Computation methods of chart datum
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Table 4 Statistics of eigenvalue of chart datum

G S ik
LA dixf A dixf At dgixt X
F/Cmﬁ/ Fﬁﬁ/ T/ W i H‘/C mﬁ/ Jarjffﬁ/ IR/ i Er/i n{ﬁ/ Jarjf{ﬁ/ A/ W
cm % cm % cm %

SEHIREREE -273  -248  -264 25 9.45 -119 -96 -105 22 21.03 =-249 -222 -239 27 11.22

WRERRAREIONIE -362  -329  -349 33 9.42 -159 -135 -144 24 16.91 -329 -297 -317 31 9.85
S YR T -192 -173 -185 19 10.42 -79 -39 -67 20 29.53 -171 -148 -162 23  14.22

SERARAREIM -232  -215  -225 17 7.70 -115 -94 -103 21 20.32 =209 -18 -200 23 11.45

WA -329  -307 -321 22 6.97 -170 -146 -156 24 15,19 -302 -276 -292 26 9.05
Y [ A5 -304 -277 =293 27 9.27 -132 -109 -118 23 19.39 -276 -248 -265 28  10.63
I\S3i -339  -310 -327 29 894 -174 -148 -158 26 16.35 =331 =303 -320 29 9.00
433 -348 -322 -336 25 7.49 -173 -148 -158 25 16.03 -327 -297 -315 3l 9.79

+ =43 -356 -328 -345 28 811 -175 -153 -162 22 13.39 -332 -305 -320 28 8.59
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Fig. 3 Year-to-year variation of chart datum
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Fig. 4 Average cumulative frequency of different chart datums
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