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Fig. 1 Water system and station distribution in the study area
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Tab. 1 Division basis of high flow year,

median water year and low flow year

s by W p FERRE Q/(m + s
FFKAR p<12.5% Q=32 586
[EV/ €8 12. 5% <p<<37.5% 29 338<CQ<C32 586
KA 37. 5% <p<62.5% 27 000<2Q<C29 338
TRtk 4E 62.5%<p<<87.5% 24 141<<Q<C27 000
FE K AR p>87.5% Q<<24 141
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Tab. 2 Division of high flow year, median

water year and low flow year fnm 2006 to 2019

B30 EHHR Q/(mP s D RO RISy
2006 21 800 b
2007 24400 Bk
2008 26 200 Bk
2009 24 800 Bk
2010 32 400 VES
2011 21 200 gk
2012 31 700 YTES
2013 25 000 ik
2014 28 300 S
2015 29 000 -
2016 33100 Hif
2017 29 700 TES
2018 25 500 Rk
2019 29 300 -

PURAE R R I 3,
3 MM EHR ML E1EE

Tab. 3 The qualified rate of astronomical tide

calculated by harmonic analysis

G BRGRZE/em  HERICEINL/ 0 IR IGEINL

<+30 62. 84 60. 22
2012

<=*15 37.16 33.89

<+30 75.07 71. 80
2014

<*£15 44,93 38.63

<30 68. 77 63. 99
2018

<*£15 37.26 33.91

<£30 43.17 40. 03
2020

<=*15 22.95 20. 24
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Fig. 2 Comparison chart of forecasting and measured mean daily tidal level by four methods of 2012
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Fig. 3 Comparison chart of forecasting and measured mean daily tidal level by four methods of 2014
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Fig. 4 Comparison chart of forecasting and measured mean daily tidal level by four methods of 2018
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Fig. 5 Comparison chart of forecasting and measured mean daily tidal level by four methods of 2020
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Tab. 4 The qualified rate of daily mean tide level predicted by four methods

ARy T2/ cm TR Y ZICERYERAE/ Y% SVM %/ % BERLARAR/ V0
<+30 99. 45 98. 36 98. 36 98. 91
2012 <*15 89. 07 74. 86 80. 05 88. 25
<+30 99.73 98. 36 99. 18 99.73
2ou <=*15 92. 05 84. 11 84. 66 90. 41
<+30 99. 18 90. 41 96. 71 98.63
2018 <+15 88. 49 64. 66 77.53 83.01
2020 %30 98.63 76. 50 84.15 71. 86
<+15 83.33 48. 63 51. 64 42.35
F5 AMAETRABAFBUBEE
Tab. 5 The precision of daily mean tide level predicted by four methods
AEMy LR AL ZIBOERE ZITCE AR SVM i FEAL AR bR
E, 0.074 0 0.103 2 0. 088 0 0.079 0
2012 R 0.994 5 0.990 8 0.991 4 0.993 7
Erms 0.096 2 0.129 6 0.120 4 0.103 4
E, 0.065 7 0.085 7 0.077 7 0. 070 0
2014 R 0.995 3 0.992 3 0.993 2 0.994 9
Erms 0. 085 4 0.113 5 0.103 9 0. 089 5
E, 0.072 0 0.134 2 0.095 0 0.084 2
2018 R 0.989 8 0.971 5 0.981 9 0.987 4
Eruvis 0.097 9 0.172 1 0.132 0 0.113 5
E, 0. 085 6 0.197 2 0.210 4 0.233 1
2020 R 0.995 4 0.980 1 0. 966 2 0.981 1
Erms 0.115 3 0.252 6 0.322 8 0.304 0
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Tab. 6 The qualified rate of hourly tide level predicted by four methods

GRY) Bt iR22/cm TUREIE/ % Z ekl A3/ %% SVM %/ % BaHLER BRI/ 7
<430 97.01 94.73 95.49 96. 45
2012
<+15 78.90 67. 35 72.51 76. 65
<430 97. 40 95. 65 96. 62 97.82
2014
<+15 81. 64 73. 32 74.93 78. 38
<430 94. 25 84. 36 90. 99 92. 69
2018
<+15 70. 02 52.07 61. 46 64. 33
<430 92.45 69. 24 75.13 65. 55
2020
<+15 64. 20 35.51 40. 31 35.99

RT AT ETHREZ BB AL E

Tab. 7 The precision of hourly mean tide level predicted by four methods

A RRVIEELZ Yl RS Z LAk Il )3k SVM % FEPLAR RIS
E, 0.097 6 0.123 2 0.113 0 0.103 3
2012 R 0.991 8 0.988 8 0. 989 3 0.991 0
Erus 0.130 2 0.156 5 0.149 0 0.135 6
E, 0.092 8 0.110 4 0.104 6 0.097 7
2014 R 0.992 3 0.990 0 0.990 7 0.992 1
Ervs 0.123 0 0.143 9 0.136 5 0.125 9
E, 0.121 2 0.168 9 0.1417 0.132 2
2018 R 0.982 9 0.970 8 0.978 0 0. 981 6
Erus 0.158 6 0.212 6 0.181 6 0.168 7
E, 0.133 2 0.232 6 0.244 8 0. 260 5
2020 R 0.991 1 0.978 0 0. 962 2 0.978 2
Erus 0.171 4 0.2827 0. 346 8 0. 329 4

Dy b2 U 4 R R T 1A AN [ IR Ta] )
T S 2303 5 45 7 1 TR 2 A T TR

(5—10 DA (11 H—k4E 4 AR EH R,
GTARILE 8.4 9,
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Tab. 8 The qualified rate of the daily average tide predicted by the four methods in flood season

A0y Bt k22 /em TR/ % ZICENER A/ % SVM /% KL AR/ 7
<430 99. 46 98.91 98. 37 97.83
2012
<+15 92.93 75.00 81.52 89.13
<430 99. 46 98. 37 100. 00 99. 46
2014
<+15 94. 57 86. 41 83.15 90. 22
<430 99. 46 85. 33 95. 65 97.83
2018
<+15 89.13 52.17 70. 11 78. 80
<430 98.91 60. 33 72.83 50. 00
2020
<+15 82.07 33.15 45. 65 23.91
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Tab. 9 The qualified rate of the daily average tide predicted by the four methods in non-flood season

A BifkiRZE/em ZYMLIERE/ % ZIU A/ V6 SVM %/ % BB BREE /Y
<430 99. 45 97.80 98. 35 100. 0
2012
<=+15 85. 16 74.73 78.57 87. 36
<430 100. 00 98. 34 98. 34 100. 0
2014
<=+15 89.50 81.77 86.19 90. 61
<430 98. 90 95.58 97.79 99. 45
2018
<=+15 87.85 77.35 85. 08 87. 29
<430 98. 35 92. 86 95. 60 93. 96
2020
<=+15 84. 61 64. 29 57. 69 60. 99
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Tidal level forecast of Yangtze River at the source of East Route of South-to-North Water Transfer Project
YAO Siyuan', LI Guofang' , QIAN Ruizhi* , WANG Yongdong® , MA Fang!
(1. College of Hydrology and Water Resources  Hohai University , Nanjing 210098 ,China;

2. Yangzhou Branch of Jiangsu Hydrology and Water Resources Survey Bureau ,Yangzhou 225002 ,China)
Abstract: The East Route of South-to-North Water Transfer Project diverts water from the Yangtze River through Jiangdu Wa-
ter Conservancy Project. Accurate and timely water-level forecast of the diversion project plays a key role in the scientific op-
eration of water conservancy project and reasonable allocation of water resources. The Sanjiangying tide station near the di-
version project was selected as a representative. Due to the Sanjiangying tide station locating in the tidal limit, the water level
was affected by a combination of astronomical tide and upstream inflow. The interval precipitation should be taken into con-
sideration in the tidal level forecast since the precipitation was unevenly distributed throughout the year because of the unique
subtropical monsoon climate. Due to the numerous influencing factors, the tidal level forecast of Sanjiangying can be more com-
plicated.

Tidal harmonic analysis method was used to forecast astronomical tide. The average daily tidal level and the hourly tidal
level can be obtained by the tidal harmonic analysis method. Four methods, including secondary correction method, multiple line-
ar regression method, support vector machine method and random forest method were applied to forecast the average daily tidal

level of Sanjiangying station. The hourly tidal level forecast was based on the forecast of the average daily tidal level of the above
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four methods and the tidal harmonic analysis method. The precision index,including qualified rate,absolute error and root mean
square error were used to compare the accuracy of four methods for average daily tidal level and hourly tidal level. Moreover, a
linearly dependent coefficient was used to compare the degree of fitting between simulated tidal level and measured tidal level.
Finally, the optimum forecasting scheme was recognized.

The qualified rate of a simulated tidal level using tidal harmonic analysis method was too low to meet the actual engineering
requirement and therefore other methods are needed to improve the forecast precision. The results of simulated average daily tid-
al level and simulated hourly tidal level showed that the accuracy of the simulated average daily tidal level determined the accu-
racy of simulated hourly tidal level. Better average daily tidal level forecast was followed by a better hourly tidal level forecast.
In addition, the accuracy of the model training period was higher than the verification period, which was consistent with the as-
sumption of the general case. The prediction accuracy of the average daily tidal level by four methods can reach class B or above
in both the training period and verification period. Moreover, the precision index showed that secondary correction method owed
the highest accuracy and stability with prediction accuracy reaching class A, followed by the support vector machine method,and
the multiple linear regression method and random forest method had the relatively worst performance. The order was kept when
forecasting the hourly tidal level, with secondary correction method also reaching class A. The result was also verified by linear-
ly dependent coefficient; secondary correction method had the highest linearly dependent coefficient in the forecast of average
daily tidal level and hourly tidal level, which means the simulated tidal level forecasted by secondary correction method was clos-
er to the measured tidal level. Thus,it can be seen that secondary correction method was the best method to forecast tidal level
in the four methods on account of its highest prediction accuracy and stability.

Out of comprehensive consideration, secondary correction method is suitable for applying in the fine scheduling of the water
conservancy project in contrast to support vector machine, multiple linear regression and random forests, which are more appro-
priately used for tidal level warning owing to longer prediction period.

Key words: tidal level forecast; secondary correction method; multiple linear regression method; SVM method; random forest

method
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