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Fig. 1 Distribution of tide gauge stations and validated grid point of chart data model used in this study
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Table 1 Geophysical parameter correction model used in satellite altimetry data correction

HER Y 24 K JH A e I A Y
T 02 Bk ECMWEF dry tropospheric correction
TR s gl Radiometer wet tropospheric correction
B 2k Smoothed dual-frequency ionospheric correction
Sk MOG2D dynamic atmospheric ( ERA Interim forcing)
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Fig. 2 The distribution of the lowest normal low water depth contours in the study area (cm)
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Table 2 The differences between chart datum model and tide gauge results (m)

B0 1 il BN BEAUH % 58 9 Bk fE YA % 5
pig 2.400 2.425 0.025 TEA 1.830 2.120 0.290
R 1.292 1.324 0.032 W H 2.260 2.463 0.203
74 106 0.983 1.352 0.369 N By 2410 2.523 0.113
T I 0.986 0.955 -0.031 H R 2.390 2.658 0.268
AR 32 0.831 0.812 -0.019 HEN 2.460 2.703 0.243
B 123 0.655 0.793 0.138 H i 2.700 3.019 0.319
My 1.250 1.066 -0.184 il 3.100 3.213 0.113
e 0.700 0.680 —0.020 E 2.900 3.251 0.351
3K 0.950 1.013 0.063 T e R 1.037 1.011 -0.026
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e 1.660 1.876 0.216 PR 1.199 1.187 -0.012
E 2.390 2.289 -0.101 [ S 1.140 1.388 0.248
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Fig.3 The distribution of the chart datum under the 1985 national elevation datum (cm)
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Table 3 The differences between the chart datum model and the tidal table stations

. N N %P S B /om ‘ R
Mg T (A= Zil/em  FEERZAER
W & T 7Y
1 RE W (119°01'59.88"E, 38°07'59.88"N) 100 9] 9 WA &
2 HE 7 vk (119°10'59.88"E, 37°13'59.88"N) 120 118 2 WA &
3 Je (120°19'00.12"E, 37°39'00.00"N) 70 69 1 W&
4 S (120°43'59.88"E, 37°49'00.12"N) 95 96 -1 W
5 Rl (120°42'00.00"E, 37°55'00.12"N) 92 93 -1 HNFEE
6 HEHL (120°45'00.00"E, 38°10'00.12"N) 89 91 =) SEEEas
7 B[AEE A (120°55’00.12"E, 38°24’00.00"N) 100 100 0 Ay
8 W & (121°22'59.88"E, 37°33'00.00"N) 147 147 0 NG
9 B (122°07'59.88"E, 37°31'00.12"N) 130 129 1 W5
10 L A (122°40'59.88"E, 37°22'59.88"N) 94 94 0 W&
11 g (122°25'00.12"E, 36°52'00.12"N) 166 167 -1 WS
12 Fala (121°28'59.88"E, 36°48'00.00"N) 220 231 -11 WA &
13 THEA (121°22'59.88"E, 36°16'00.12"N) 183 185 -1 N5
14 B (120°52'00.12"E, 36°22'00.12"N) 220 234 —14 SN S
15 # (120°19'00.12"E, 36°04'59.88"N) 231 241 -10 SN A
16 H e s (119°33'00.00"E, 35°22'00.12"N) 270 273 -3 WA
17 B (119°22'00.12"E, 35°04'59.88"N) 310 309 1 W&
18 E R (119°28'59.88"E, 34°45'00.00"N) 290 291 0 N E
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Table 4 The differences between the chart datum model and the c-map stations
TR B B UEAE /om
Mg fr & Z{H /em i BE A A% 2R Y
C-MAP T 7Y
1 (122°40'08.40"E, 37°22'58.84"N) 100 100 0 EEEEy
2 (122°39'03.96"E, 37°24'54.36"N) 110 103 7 SAREE
3 (122°33'00.36"E, 37°16'04.44"N) 120 107 13 S A
4 (122°29'04.92"E, 37°26'53.88"N) 120 118 2 WA
5 (122°25'09.12"E, 36°52'55.20"N) 166 165 1 R
6 (122°10'10.20"E, 37°30'01.44"N) 120 129 -9 ey
7 (121°23'04.92"E, 37°32'51.72"N) 147 147 0 HWIFE
8 (120°53'19.92"E, 38°20'53.16"N) 100 103 -2 W4
9 (120°49'54.48"E, 36°23'01.32"N) 220 236 -16 INFE
10 (120°40'59.52"E, 37°58'55.20"N) 90 88 2 W&
11 (120°32'04.20"E, 36°05'58.20"N) 230 227 3 W&
12 (120°18'52.20"E, 36°05'06.00"N) 239 241 -2 EEEEy
13 (119°47'50.28"E, 37°18'55.44"N) 100 102 -2 WA
14 (119°27'08.64"E, 34°45'05.76"N) 290 292 -2 WA
15 (119°02'53.52"E, 37°20'03.84"N) 100 111 -11 EEREy
4 5 B

v A R 7 5 R R R oA 2 ) R L P 4 S S U v s P

gt — AR WA, R R P 8]

Heps R S B Ve 1) AT RO AR N e R TR T R A R VA 2 L R N R A PR AE . AR SO
PR T il e v R /R P i v R e B R S R UV, X L AR A T U A A A R A R 45 S A
WA VR RE B v AR 1 Ry A T e TR R T M AR ) 5 5, SERRT 1.2 % 1.2 A 7 HE AR
PR BESEAE T 1985 [H ¢ ey e S ME RS R IO MY 3, AT SRS LR E 15 em DAY, SEBL T 1l 2R 4 A00AE g 33 10
TR L E T ) 1985 1] 5% iy R A oA A e e o o W A TR A O oL T 0 R0 R O 1 G

A T 538

% % 3k (References):

REL SO0 0 A5 3ty ) AN W AR ZR R R oA A R R PR Bk 2 YA R A A B KA
S0 0 05 i B DO TR 6 v I3 e A B ) A

(1] 250, E, TRE. ETRE R AR A RS KRR MT]. W42, 2017, 4(10): 1778-1785. BAOJ Y, XU J,

YU C X. Technical progress and development directions of oceanic spatial information datum[J]. Acta Geodaetica et

Cartographica Sinica, 2017, 4(10): 1778-1785.

(2] BEPA, BEH, VFE. IR B E LA BORB AR T [T]. BUBUK 2240 15 BRHERR, 2016, 41(1): 52-57. BAO J
Y, ZHAI G J, XU J. Vertical datums and their transformation approaches for hydrography[J]. Geomatics and Infor-

mation Science of Wuhan University, 2016, 41(1): 52-57.



496

I N T I 41 %

1 FXAE, TS, W, IR E I R S R[], WL2ER, 2017, 4(10): 1770-1777. ZHOU X H, FU Y G, XU

J. Progress and prospects in developing marine vertical datum[J]. Acta Geodaetica et Cartographica Sinica, 2017,
4(10): 1770-1777.
BRH, ERE, XIEE, 2. & RS RSEVET 7T, 8N4, 2003, 23(1): 8-12. BAO J Y, HUANG C H,
LIU Y C, et al. Research on the algorithm for chart datum[J]. Hydrographic Surveying and Charting, 2003, 23(1):
8-12.
FEPH, AR, FA, & BRI T SORISLE R A 18 B4 AT 0], W R4, 2009, 29(4): 1-4. BAOJ Y,
ZHANG M L, TANG Y, et al. The analysis of the application of definition and algorithms of lowest normal low wa-
ter (LNLW)[J]. Hydrographic Surveying and Charting, 2009, 29(4): 1-4.
AT REN. FEEAE I AR B ISR B U [D]. & 5 AR R K%, 2019. FU Y G. Research on the construction of seam-
less vertical datum in the South China Sea[D]. Qingdao: Shandong University of Science and Technology, 2019.
FLORENT H L, DAMIEN J A, MATHILDE C, et al. FES2014 global ocean tide atlas: design and performance[J].
Ocean Science, 2021, 17(3): 615-649.
FOK H S. Ocean tides modeling using satellite altimetry[D]. Columbus: The Ohio State University, 2012.
HART-DAVIS M G, PICCIONI G, DETTMERING D, et al. EOT20: a global ocean tide model from multi-mission
satellite altimetry[J]. Ocean Science, 2021. DOI: org/10.5194/essd-2021-97.
STAMMER D, RAY R D, ANDER O B, et al. Accuracy assessment of global barotropic ocean tide models[J]. Re-
views of Geophysics, 2014, 52(3): 243-282.
PARKER B, MILBERT D, HESS K, et al. National VDatum—the implementation of a national vertical datum trans-
formation database[J]. Sea Technology, 2003, 44(9): 10-15.
YANG Z, MYERS E, WHITE S. VDatum for Eastern Louisiana and Mississippi coastal waters: tidal datums, ma-
rine grids, and sea surface topography[R]. NOAA Technical Memorandum, 2010.
ADAMS R. Seamless digital data and vertical datums[R]. Patis: FIG Working Week, 2003.
ILIFFE JC, ZIEBART M K, TURNER J F, et al. Accuracy of vertical datum surfaces in coastal and off shore
zones[J]. Survey Review, 2013, 45(331): 254-262.
INAERE, JA DA, V5 SR, A 1L AR BB S REE T [J]. I EERR 4R, 2018, 37(4): 68-75. SUN W K, ZHOU
X H, FENG Y K, et al. The analysis of the tidal spatio-temporal characteristics in Shandong coastal areas[J]. Jour-
nal of Ocean Technology, 2018, 37(4): 68-75.
TALZE, BRe 8. (L R4 bl o 4 0 B v 0 SEBL R LR A [J]. 4 i@ 4R, 2019038 F112): 293-297. DING S J,
CHEN J Z. Preliminary building and application of seamless vertical datum of land and sea in Shandong Province[J].
Bulletin of Surveying and Mapping, 2019(Suppl.2): 293-297.
o E N RRCE S, N E M. GB12327—2022[S]. dbat: o EbRUEH A, 2022. People's Liberation
Army Navy Staff Department. Specifications for hydrographic survey: GB12327—2022[S]. Beijing: China Stan-
dards Press, 2022.
VP, Bl XHeFR, &, 5T POMEI N Sblending [ 4432 8 7 W BT i WAV AR U], WgE 2, 2008, 28(6): 15-17.
XU J,BAOJY,LIUY C, et al. A regional tide model around China developed by POM and blending assimilation
method[J]. Hydrographic Surveying and Charting, 2008, 28(6): 15-17.
MATSUMOTO K, TAKANEZAWA T, OOE M. Ocean tide models developed by assimilating TOPEX/POSEI-
DON altimeter data into hydrodynamical model: a global model and a regional model around Japan[J]. Journal of
Oceanography, 2000, 56(5): 567-581.
TR, BAEM, BRig 55, 2. DKM E R M. dbat: M4 RRAE, 2015. DANG Y M, ZHANG C Y, CHEN J
Y, et al. Modern geodetic datum[M]. Beijing: Surveying and Mapping Press, 2015.
WotE, sk, Kt BT 2 AT I A HER M HAEGISTRZA IERI R HI[I]. M4 244K, 2008, 37(2): 152-157.
YANG Y X, ZHANG J Q, ZHANG L. Variance component estimation based collection and its application in GIS
error fitting[J]. Acta Geodaetica et Cartographica Sinica, 2008, 37(2): 152-157.


https://doi.org/10.5194/os-17-615-2021
https://doi.org/10.1002/2014RG000450
https://doi.org/10.1002/2014RG000450
https://doi.org/10.1179/1752270613Y.0000000040
https://doi.org/10.1023/A:1011157212596
https://doi.org/10.1023/A:1011157212596

34 10 SRS, S5 e LLZR 48 Y0 T g R /R v T A K O BE DA 497

[22] Fobfh, S, HRE, 5. 5T 207 0 @A /K HE T R HE (AR P 0 (D], R P2 1E R, 2014, 29(1): 51-
56. JIANG G W, GUO C X, TIAN X J, et al. The analysis of extrapolated capability of quasi-geoid based on multi-
methods[J]. Progress in Geophysics, 2014, 29(1): 51-56.

Accuracy Evaluation of the Coastal Vertical Datum

Transformation Model in Shandong Province

FENG Yikai, YANG Long, FU Yanguang, ZHOU Dongxu

(First Institute of Oceanography, MNR, Qingdao 266061, China)

Abstract: In order to realize the construction of geospatial data system integrating land and sea, it is necessary to express geographic
information in unified datum. Shandong Province carried out the construction of vertical datum conversion model between land and
ocean vertical data. This study made use of tide station data, satellite altimetry data and other multi-source data, combining with tidal
numerical simulation, harmonic analysis and model optimization and other technical means, to establish tidal models, mean sea
surface height models and sea surface topography models, etc. This study constructed 85-height depth datum model with spatial
resolution of 1.2'x1.2" and the error of within 15 cm, and consequently realized the conversion between height data and depth data in
Shandong coastal area, which provides a method and theoretical basis for the unification and transformation of vertical data in
China's sea area and even in the global ocean.
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