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Tab.1 Data Description of the Tide Gauges in Haizhou Bay of the Yellow Sea
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Tab.3 Difference between the simulated H i and J; and H i and qi of the CST1 model at 24 random points
e | W
S o7 HEL Sa Qi O1 Py Ky N2 M2 Sz K2 Ma Msa4 Ms
JY DA 3
| AH| 0.3 0.0 | -0.1 -0.1 | -0.1 -0.9 45| 25 -0.6 -0.4 -0.5 0.4
Agi 0.0 1.9 2.5 2.3 3.0 4.9 5.2 4.3 3.5 -13.8 -34.8 -5.4
5 AH» -0.2 0.0 0.2 0.0 0.3 -0.5 38| -14 -0.4 -1.0 -1.0 0.1
Agy 0.1 0.6 1.0 1.2 0.9 22 3.1 2.2 1.1 7.5 3.6 | -31.0
3 AH; -0.2 0.0 0.1 0.0 0.2 -0.6 42| -1.8 -0.4 -0.9 -1.2 0.3
Ags 0.3 0.7 1.5 1.2 1.6 2.3 3.6 2.7 1.1 -8.1 85| -48.1
4 AHy 0.1 0.0 0.1 0.0 0.3 -0.2 25 -1.2 -0.2 -0.8 -1.3 1.5
Ags 0.2 0.5 1.0 -0.2 1.4 1.2 2.8 2.3 0.4 -13.5 8.8 | 1829
5 AHs 0.7 0.0 0.0 0.0 0.0 0.1 -0.7 0.0 0.1 0.1 -0.2 1.4
Ags 2.1 -0.7 | -0.5 32 1 -0.6 -14 25 | 3.7 -3.9 -8.9 -11.5 | -27.6
6 AHe¢ -0.3 0.2 0.8 0.3 1.0 -0.2 -48 | -1.0 -0.4 -1.7 -1.6 -0.2
Ags 0.4 -0.5 | -0.1 03] -0.2 0.6 2.4 1.8 -0.3 -13.4 93 | -54.0
7 AH7 -0.4 0.1 0.6 0.2 0.9 0.0 -3.6 | -0.9 -0.2 -1.2 -1.6 0.0
Agr 0.7 -1.0 0.1 -0.3 0.0 -0.3 23 1.8 -1.5 -12.6 235 | -71.1
] AHg -0.4 0.1 0.4 0.0 0.7 0.6 -1.1 -0.1 0.1 -0.7 -1.0 0.3
Ags 1.5 -1.9 | -0.2 -2.5 0.1 -2.8 0.9 1.1 4.2 -11.8 81.1 | -125.8
9 AHo -0.8 0.1 0.3 -0.2 0.6 0.5 -1.2 0.2 0.3 0.2 -0.2 1.7
Agy 3.4 24| 03 -3.7 0.0 -5.7 2.0 | -1.0 -9.8 -11.3 | 282.0 | 1823
10 AHio 0.6 0.1 0.1 -0.2 0.2 0.0 -1.2 | -0.1 0.1 -0.4 0.0 0.3




Agio | -0.5 21 -05 38 -05 -6.4 36| 45] -115 33 ] 3309 3433

1 AHi | -0.6 02 ] 12 04| 17 0.6 341 00 -0.1 -13 -1.7 -1.1

Agii 1.3 26| -1.0 11| -1.0 23 16| 14 34| -16.1 439 | -78.0

S AHi | -0.9 03] 08 00| 14 1.2 03| 07 0.3 -0.6 0.1 -0.9

Agi2 2.3 35 -1.0 3.6 | -04 -5.8 03] 05 7.5 -7.8 978 | -116.4

3 AHi; | -0.7 03] 07 01| 12 0.9 -10 | 07 0.3 -0.2 1.4 0.8

Agi3 3.4 42| -14 5.1 -1 -8.6 21 29| -12.6 | 2403 | 2674 | -122.4

4 AH\4 0.1 03] 1.0 0.1 13 0.4 04| 04 0.0 2.4 1.3 22

Agis 1.0 29 -08 40| -07 -7.8 33| 55| -123 112 -257] 276.0

s AHis | -0.1 04| 1.0 0.1 1.1 -0.5 62| -14 0.5 3.2 -0.5 3.9

Agis 1.4 09| 03 20| 01 -6.1 55| -6.2 7.9 9.8 7.9 | 322.8

P AHis | -0.7 03] 16 04| 22 1.2 33| 08 0.2 -0.6 -0.6 2.5

Agis 1.5 441 20 27 2.0 5.5 0.8 | -02 70 | -20.4 90.4 | -733

17 AH;7 | -0.8 03] 12 0.1 1.8 1.2 241 09 0.3 0.6 1.6 -1.7

Agi7 2.5 5.6 | -25 52| 23 9.2 -15 | 33| -11.8] -505] 1603 | -72.3

18 AHiz | -0.5 05| 15 0.0 2.1 0.7 31| 06 0.0 4.1 33 -1.0

Agis 2.7 58| -2.0 5.1 <19 -104 28| 57| -146 | -92.1| 3146 | 2212

19 AHi | -0.6 04| 18 03] 25 1.2 471 09 0.2 -0.2 22 22

Agio 1.9 6.9 | -3.0 49 [ -3.0 9.5 .10 | 37| -118| -464 | 1366 | -49.5

0 AHx | -0.7 05| 1.9 0.1 27 0.9 66| 05 0.0 -49 5.1 0.1

Agao 3.3 8.0 | -34 58| -32 | -12.1 26| 69| -159| -823 | 3192 | -139.1

)1 AHy | -0.8 05| 19 02| 27 0.8 86| 02 -0.1 23 6.2 1.2

Agai 2.8 85| -39 57| 37 -11.9 17| 62| -149| -66.7| 1782 -43.7

» AH» | -0.9 06| 1.9 0.1 27 03] -124] -08 -0.4 -6.1 6.5 0.9

Ag»n 3.5 9.6 | -4.6 67| -44 | -14.0 37| 88| -17.7| -76.6 | 328.1 | -121.6

’; AHx; | -0.9 06| 24 02| 35 26| -16.0] 23 06| -113 33 4.2

Ago3 3.9 93| -37 5.8 | -3.1 -9.6 93| 20| -15.1 432 | 3354 | -88.3

4 AHxu | -0.9 05| 18 0.1 26 02| -162] -18 -0.6 -6.1 8.7 2.6

Agos 34 -102 | -47 67| -45]| -142 33| 89| -176| -70.1 | -23.8 | -90.1

RMS2 (cm) 0.35 0.32 | 0.71 0.13 | 1.33 1.11 4.74 | 1.46 0.62 3.03 2.23 2.85
RSS, (cm) 7.10

MR 3 01, 5t 4 D H i 4 A H i S,
B My 34 A &40 ) RMS, #7E 1.5cm A,

FEAIRE Qv 01y Piv Ko % 4 A EESEI RMS,
#AE 1.0 cm 1, RIAASCHEMW H; « 9, 5 CSTI

BRI H, . G, 2R A ERLT. 24 NBEL
AL S, B S FR R I A th A 1
WAH, FIAQ, 5k b 5wk ks,

B My TS, ASCE H, 5 CST1 B Y
H, 2\ EEEE, e 23, 24

A RREH AH s 1 AHL, 7550 T-16.0cm. 48 £

PN B AR FNIRE I, 2 7 DA VT b RS AR G B8 8 R 50kt
M 7330 P 5 10 2 At 2300 B K o aghe 3 AN 7K 3
5, RESARIEEZAR, U My HRIEZ) 7.0 cm
fiki, MSaw MeHRIENTE lem R4, {H 24 A5

ALK TUAN R K # AH, RTAQ, A HAd 5

I SR, FEAEIE A . XATREH LT LR
R, —& CSTI1 MAYFERL My MSss Me R
i Mav Sov Mas MSy Mg 28 5 AN i FRARAEAF
NI FIRBKAL, TARSCNRA T 12 A
TRAE, WARJEE R T5Lhrs RAEHM
WG IR ML TAE 7 HR 2 ARG P AR T CST1 A,
R AR AEI R ROK X =0 A SCIE N BE R R B
77 R BT EE . EH
A5 52 e IO M T N IS R R ) s M B K, R AR S
R Maw MSav Mg FIBERLZE SRS T CSTI

B R SO G50 Sa i &5 . RMS, MITE 0.4cm
W, BT 24 A RALI AR, #BZE 1.0 em A, #4051

AL AHG /T 0.5cm, T 24 AN RUALH) AD; BR

HA 4.0°0 XFUCEEM, ASCRRICIR ] Sa
B ER I 11 DRI HEREZ LA
LTI IRBh R AL, 3 i BE A 5 2 5
Sa 73R AIAT



#3012 4 RSS, 4 7.10em, REAA

SRR S SRAE AR B 5 CST1 A BUFI — 2,
HAE PR SRS L BB T CST1 KA,
FEZA I ANTT L i 2 DNIEIhAL, AT

Fea g Hy oL

O; 1072 L S A AL S 5 5 CsT1 B H,

fH, . g, 5 CSTI #AmH, .
R 4 Fis.

0; ZHKE

0, ZmiEmE

Tab.4 Difference between the simulated H j and §; and H i and gi of the CST1model at the locations near
Cheniushan Island and Kaishan Island
et ﬁg S o P K N. M S K M M M
A " % a Qi 1 1 1 2 2 2 2 4 S4 6
HZE
i AH, -0.4 0.4 1.6 0.1 2.3 0.9 -5.5 0.5 0.1 -1.9 5.1 1.4
Agi 3.0 -5.5 1 -3.1 -39 -2.8 -9.5 21| -6.0] -109 -80.0 | 2642 | -28.6
L AH» -0.7 0.7 2.0 0.1 2.7 0.1 -124 | -15 -0.5 -9.5 2.1 -7.3
5 Ag> 34 -6.6 | -3.3 451 -3.0 -12.7 -5.5 ] 9.2 -16.8 -48.7 | 3414 | 245.6
RMS3 (cm) 0.44 0.53 | 0.96 0.09 | 2.01 1.45 5.80 | 2.65 0.99 5.71 3.43 5.40
RSS; (cm) 11.10
S &, AT R, TRl ESELE (FE.

VBV R AKIEEE RIETT L B A EAL 4 A>3 25
Hor#. 4 M EZEH2EKAH, . Ag,, EEAEL

BT S #W AH, . Ag,. Bk 4
ik, K533 MAHERR—80, HE s f
TEi0 FIFAA AN RS I AH, F1AQ, (R
Bk b BRI, R Mo AR
SEFEIUNE IR, WS Mo 5 AH, A

-5.5cm, TMIF & My 7381 AH, 9-12.4cm. #f Sa
MaE, HT Sa 7l EARRERE S, PB4
BIAH 25 1.0em 4. AQ 1E 3° 4 4. 3 ANKKS:

T AH L Ag AR AR H A H - EECK

XX 3 bkt — 2
M-3R 1 AR By A L By A Bt i B 1
AN TEREE AN M AN BEAS B AT S R AR

B, REABRMAAEMK H, . g; 5 CSTI

B H, T 3 BRI e S

ik, BE—butH, . g, 5 H, . G, MR

6 ks 25 00 N0 B 221 ¢ ) S ot £ (t) iR S

WAL (E) « UK S (1) R 2 A(t) SF4L,
HARUF
£(t) = MSL +h(t) + 5(t) + A(t) (13
2 18 B LIRS FEE K B T Ak 3 4 e G S
BRZ=. JEIREE, A(t) W ZBSAit. M MSL 4

HISEIE ¢ (t) Rt F
C't)=ht)+8(t) (14)

W BURAL ' () AT ACSCREL H, | g, 5
CST1 BAL Y H, . T, A 12 it H, .
O, BH; T, KON R v
T W) 5 h(t) ZIE M RE, ZEME—S

5 S (t) F& B PR % - 2 [E IR AL
W, W TR AR ZE — O 20~30cm,
BT 15 9 7K O (t) AE I [ 023 8] 68 73 A sk



U, B4 S RsEE S CST1 B R il
AL 2 1A ZE A B iR 20 31.2em, 15 A ORI

H, . 0, HRk{EZEZEERTIREN 26.6cm. X

RY, AP B EAASHEMK H, g, 1

FEEEEAL T CST1 B, TRl B iseili{E 5 CSTI1
PR IRRAEL 2 8] 2 {EL A TR 2208 35.6cm, 11543

B Hy o 0 BREZ R ZHEKFIREN
30.1cm, XKW, EIF 1L A7 BAAA SRR H;

0; HIFERLENLT CST1 iy,

MR 2. R 3 L& 4 piran, XS i
JERHLTE . T30 SR AR AL K iR BE A 2 K055 2 AN 57
AR S, AT It a5 SR s A T
H ] v DX 9 B R CST L

3. 458

TEVR R AN MR, 5 M 7 S ASLAUL RS B2 ) 32
TR R AWK HIE . TP S IR Bl KA S i BE i 22 5
HINFEAE o RN A BT L o R
W TR, AR SO Bl 22 AN 26 R L
TEEBAAL, BOIRHL T R T 0 M2 A 10
Bl — A KRB . TR AR RS T K
JAARSCS R Sa BIFZM . JeCBE4E 22 50U Jost
FKIEZS A8 4k ) Manning FRERE 2% n H5. 45
RRW, ASCHIAULE RSN 6 AU 50w b,
1 EMW REIEMLEL, 12 DML E TR ZE N
5.52cm; 5 [EIEFIRILA W A CST1 1 24 bl
ML AL, 12 ANEIISEA TR 22N 7.10cm;
SN 2 AN 1A H B Sl A b,
AT IR 5 SRR T CST1 BEAL.

ATCHRE ) [F] 5 A3 525 A B O R AR
RN R WV S BRI T R, e SR B
I EE B, 7 K E R SR G50 Sa =& AT .

JE S AU E AR RS (1D TEYIRFIA St
FAE IR SR R A AR T & R K AR A,
DA 36 R HT 38 7K R R K S 38 el K RSB AR s (2)
TE 5 FF 30 A 10 3% 3 K A7 B 33k — 25 5 R K o A R
SCA KRS Ssa HIFANR, i BE B 7 5
Ssa, LB G b W2 13 A R BRI TR
Ko

S35 3R

[1] Ke Hao, Wu Jingwen, Li Fei, et al. Study on the
Establishment of the Oceanic Continuous Chart Datum
Based on Three-Dimensional Numerical Simulation of Tidal
Wave Motion[J]. Chinese Journal of Geophysics, 2018, 61(6):
2220-2226 (FI3#H, RALC, 423F, & R THIBE3 =4
KB AU ) U S SR R P S T S VAT T[], Bk
YRR, 2018, 61(6): 2220-2226)

[2]Fu Yanguang. Research on the Construction of Seamless
Vertical Datum in the South China Sea[D]. Qingdao:
Shandong University of Science and Technology,2019 (f%E
Ot . B W U 0 4 T LR E A 2 BT ST (D] AR BHECR
,2019)

[3] Stammer D, Ray R D, Andersen O B, et al. Accuracy
Assessment of Global Barotropic Ocean Tide Models[J].
Reviews of Geophysics, 2014, 52(3): 243-282

[4] Bao Jingyang, Xu Jun. Tide analysis from altimeter data and
the establishment and application of tide model[M]. Beijing:
Sino Maps Press, 2013. (F&5tFH, V2. T A £ 1
WA @S M. b5t W% AL, 2013)

[5] Wu Ziku, Wang Liya, Lv Xianqing, et al. A Numerical Model
of Tides in the Beibu Gulf by Adjoint Method[J]. Acta
Oceanologica Sinica, 2003, 25(2):128-135(% H &, E N,
R, S5 AL VNS 0 B (LSO BEALT. 970
2003, 25(2):128-135)

[6] Zhu Xueming, Bao Xianwen, Song Dehai, et al. Numerical
Study on the Tides and Tidal Currents in Bohai Sea, Yellow
Sea and East China Sea[J]. Oceanologia et Limnologia
Sinica, 2012, 43(6): 1103-1113 (R#H], SRS, R,
S Eh B ORI I BUERL ST, R
5#H, 2012, 43(6): 1103-1113)

[71 Wu Di, Fang Guohong, Cui Xinmei, et al. Numerical
Simulation of Tides and Tidal Currents in the Gulf of
Thailand and Its Adjacent Area[J]. Acta Oceanologica Sinica,
2015, 37(1): 11-20 (Rud, Jy L, HHy, 55 REE L
AR IV R M HAE R[] SR, 2018, 37(1):
11-20)

[8]Lin Meihua and Fang Guohong. Standard Longitude and
Latitude Water Depth and Datum Level Data of the Sea of
China[M].
Academy of Sciences,1991(#k3E4, 77 [ yt. W EEIr S
i B KR REE T AR R (M1, 75 By: b [ R Be g et
FEIT,1991)

Qingdao: Institute of Oceanology, Chinese

[9] Li Shuai, Guo Junru, Jiang Xiaoyi, et al. Sources and

Analysis of  Multi-Temporal-Spatial  Scale  Marine



Hydrometeorology Data[J]. Marine Science Bulletin, 2020,
39(1): 24-39 (=0, FRfRM, LHRER, 55 KRR E
I ROBE BRI /AT (7], MR8, 2020, 39(1): 24-39)

[10] Teng Fei, Fang Guohong, Wei Zexun, et al. Tidal
Simulation in chezy-Type and Generalized manning-Type
Friction for Chinese Eastern Shelf Seas[J]. Oceanologia et
Limnologia Sinica, 2016, 47(4): 696-705 (B &, J7 Eut, 31
FERN, 4. ChezyZUA) ™ Y Manning® BE#RC RTEE) . #.
ARGl 2R 9 AU, P K S (0], HEEE S0, 2016, 47(4):
696-705)

[11] Zhang Shengkai, Lei Jintao, Li Fei. Advances in Global
Ocean Tide Models[J]. Advances in Earth Science, 2015,
30(5): 579-588 (AP, FHAbE, 2. SRR
FBERE[T]. HhERERLEFERE, 2015, 30(5): 579-588)

[12] Kumar S S, Balaji R. Effect of Bottom Friction on Tidal
Hydrodynamics along Gulf of Khambhat, India[J]. Estuarine,
Coastal and Shelf Science, 2015, 154: 129-136

[13] Sohrabi Athar M, Ardalan A A, Karimi R. Hydrodynamic
Tidal Model of the Persian Gulf Based on Spatially Variable
Bed Friction Coefficient[J]. Marine Geodesy, 2019, 42(1):
25-45

[14] Sindhu B, Suresh I, Unnikrishnan A S, et al. Improved
Bathymetric Datasets for the Shallow Water Regions in the
Indian Ocean[J]. Journal of Earth System Science, 2007,
116(3): 261-274

[15] Sindhu B, Unnikrishnan A S. Characteristics of Tides in the
Bay of Bengal[J]. Marine Geodesy, 2013, 36(4): 377-407

[16] Krien Y, Mayet C, Testut L, et al. Improved Bathymetric
Dataset and Tidal Model for the Northern Bay of Bengal[J].
Marine Geodesy, 2016, 39(6): 422-438

[17] Fu Yanguang, Zhou Xinghua, Zhou Dongxu, et al.
Accuracy Analysis of Ocean Tidal Model over China Seas
Based on the Gauge Data[J]. Science of Surveying and
Mapping, 2017, 42(8): 28-32 (ff %6, M4, FRH, %,

M FH 36 0t Bk ) e LT A TRKE PRV A 0], 2%
Ble£, 2017, 42(8): 28-32)

[18] Xu J, Bao J Y, Zhang C Y, et al. Tide Model CST1 of China
and Its Application for the Water Level Reducer of
Bathymetric Data[J]. Marine Geodesy, 2017, 40(2/3): 74-86

[19] Lyu H H, Zhu J R. Impact of the Bottom Drag Coefficient
on Saltwater Intrusion in the Extremely Shallow Estuary[J].
Journal of Hydrology, 2018, 557: 838-850

[20] Guan M L, Li Q Q, Zhu J S, et al. A Method of Establishing
an Instantaneous Water Level Model for Tide Correction[J].

Ocean Engineering, 2019, 171: 324-331

[21] Cai Feng, Cao Chao, Zhou Xinghua, et al. China Coastal
Waters: Submarine Topography and Geomorphology[M].
Beijing: Ocean Press,2013 (%48, JH#8, J& 2418, 25 4 [E I i
i — e IR LS M. B 5T A, 2013)

[22] Jia Juntao, Tan Jichuan, Chen Changlin, et al. Vertex

Resampling of Sounding Triangle[J]. Hydrographic
Surveying and Charting, 2017, 37(3): 63-65 (1R, HIE
N, BRACAHR, S5, MR B AR = I FR BRI L[],

HEMZ, 2017, 37(3): 63-65)

[23] Piccioni G, Dettmering D, Schwatke C, et al. Design and
Regional Assessment of an Empirical Tidal Model Based on
FES2014 and Coastal Altimetry[J]. Advances in Space
Research, 2021, 68(2): 1013-1022

[24] DHI, 2009. Hydrodynamic and Transport Module
Scientific Documentation. DHI water & Environment,

Denmark

[25] Matsumoto K, Takanezawa T, Ooe M. Ocean Tide Models
Developed by Assimilating TOPEX/POSEIDON Altimeter
Data into Hydrodynamical Model: A Global Model and a
Regional Model around Japan[J]. Journal of Oceanography,
2000, 56(5): 567-581



Tidal Numerical Modeling Using the Optimized Boundary Conditions in

Haizhou Bay of the Yellow Sea

HUANG Chenhu'?  ZHAI Guojun’
1 College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China
2 Tianjin Institute of Hydrographic Surveying and Charting, Tianjin 300061, China

Abstract: Due to the joint constraints of boundary conditions, including seabed topography, driven water level at open boundary
(DWLOB) and bottom friction coefficient (BFC), the accuracy of the tidal numerical modeling in coastal and offshore waters is
relatively low. This study intends to synchronously optimize the multiple boundary conditions, including seabed topography,
DWLOB, and BFC, to improve the accuracy of the tidal numerical modeling in China's coastal and offshore waters for the
hydrographic surveying and mapping. This study simulates the tidal model of Haizhou Bay of the Yellow Sea in China, using a
two-dimensional tide numerical model (2D-MIKE21) and based on the synchronously optimized boundary conditions. The water
depth with higher resolution and accuracy than the charted depth is used as the seabed topography. The DWLOB is calculated from
12 tidal constituents (including the two long-period constituent, Sa) of the regional tidal model of China seas, CST1. The calculation
of the BFC takes into account the spatial variation of water depth. For validation, we compare the simulated model with the 1-year
tide tables from 6 tide gauges in Haizhou Bay and the CST1 model at 24 randomly selected points, and get the total root sum squares
of the 12 tidal constituents of 5.52 cm and 7.10 cm, respectively. The simulated tide model and the CST1 model are also compared
with the 1-month observations at two tide gauges in Haizhou Bay, and the former has a smaller mean square error than the latter. The
proposed strategy provides a new method for tidal numerical modeling in coastal and offshore waters. This study also shows that it is
feasible to obtain the astro-meteorological constituent Sa by tidal numerical modeling. It should be noted that, the wind effect is also
not considered in this study due to its strong randomness and the difficulty in obtaining data for one year. Next, we will use the
simulated water level heights in this article and short-term wind velocity and direction as the better open boundary and initial
conditions to carry out corresponding short-term tidal modeling in coastal and offshore waters, which will generate the residual water
level (or storm surge).

Key words: seabed geography; driven water level at open boundary; bottom friction coefficient; astro-meteorological constituent
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