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Table 1 Introduction of global vertical displacement loading tide models
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GPS station locations in the Bohai Sea, Yellow Sea, East China Sea and surrounding areas
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Table 2 Harmonic constants of eight principal tidal constituents under the CM reference frame in the Bohai Sea, Yellow Sea, East

China Sea and surrounding areas

M, S, N, K, K, 0, P Q

e 2R pURIILRNETRIQEL}

PR B RIS RMA O PRIE RMA PRIE RMA IRIE BA IRIE BA RIS RMA IRIE RAMA
31.82°N  130.60°E 4879 14.51 122.7 8.33 146.6 3.01 118.0 2.70 1152 9.85 2284 7.71 2247 324 2424 1.66 211.4
39.61°N  115.89°E 4183 1.10 108.7 0.82 96.5 021 130.6 0.61 169.7 4.08 2252 2.07 200.5 0.87 201.5 0.44 201.4
27.07°N  142.20°E 1320 12.15 76.1 585 969 230 793 1.70 67.8 12.51 228.0 996 211.2 4.75 230.5 2.20 192.5
27.10°N  142.18°E 4712 1231 763 624 97.0 229 804 146 69.6 12.69 228.1 995 2089 4.50 230.1 2.17 201.0
43.79°N  125.44°E 2375 1.25 850 052 923 024 1262 1.10 110.6 4.02 2274 2.88 190.1 1.60 177.0 0.64 189.3
36.40°N 127.37°E 4398 452 533 290 97.1 057 534 076 989 443 2609 3.69 2334 2.14 2423 0.85 2224
30.56°N  131.02°E 2248 19.89 1109 9.55 1382 3.92 106.2 3.87 117.8 10.47 257.9 9.70 2229 4.15 2343 1.92 210.0
35.71°N  139.49°E 3274 739 494 339 750 094 60.1 133 524 880 213.0 7.51 197.3 258 216.1 145 187.7
35.96°N  140.66°E 3205 8.69 388 580 657 1.09 332 139 29.0 887 2041 8.73 1933 3.69 211.1 197 187.8
25.03°N  102.80°E 4027 1.26 1682 1.49 107.8 0.17 1709 147 342 450 284.6 139 2873 037 19.6 030 2325
39.14°N  141.13°E 3316 6.75 183 3.07 589 065 16.6 0.56 252 944 2050 7.28 1858 3.31 2062 1.43 1819
35.68°N  139.56°E 3239 7.64 487 3.67 745 1.08 551 0.61 1053 9.69 2140 7.56 197.1 293 217.8 1.62 191.3
37.08°N  127.02°E 3505 7.59 523 3.66 999 097 41.1 1.05 929 425 2557 331 2383 1.43 2560 0.73 2219
31.10°N  121.20°E 4373 7.39 2253 1.73 242.6 1.57 2069 1.25 3052 6.79 247.7 4.51 237.6 227 246.6 091 219.3
43.53°N  141.84°E 3095 521 83 239 505 034 337.7 0.50 92.8 7.40 2044 6.69 182.8 2.85 2045 1.32 176.3
37.28°N  127.05°E 4618 7.06 559 3.60 1024 098 424 1.10 823 4.00 2439 330 2343 1.70 232.7 0.75 2272
36.11°N  140.09°E 5768 744 425 420 66.6 096 52.1 0.89 495 955 217.0 7.63 193.9 3.41 213.7 1.61 190.3
36.13°N  138.36°E 5508 599 51.1 317 905 092 639 0.78 843 847 2286 631 1963 296 2295 1.36 189.1
30.53°N  114.36°E 5471 2.64 1503 191 1275 0.63 1463 0.19 317.0 435 257.6 226 2532 0.92 267.6 046 239.2
34.37°N  109.22°E 3041 1.26 144.0 1.04 117.7 022 1569 0.73 184.0 2.08 2542 1.38 2282 0.86 163.7 041 1958
24.80°N  120.99°E 3150 12.53 216.5 4.04 2213 3.02 1929 1.02 178.8 7.14 2872 7.52 2683 2.53 290.8 1.54 250.0

Y HR G 2 Ay mm, 3 AR BRRIAR AR, AR (0,
REERRZ; 4T P, 40, FES2014, EOT11a, GOT4.10c,
GOT4.8 1 NAO.99b FxCHYHRIRAE I 22535120 0.41 mm,
0.30 mm. 0.41 mm. 0.37 mm 1 0.28 mm, iR ff 45 14 2=
350 h 13.19°, 10.24°, 13.02°, 13.04°F1 19.39°, #5 i
224y 5 5 0.58 mm. 0.50 mm. 0.58 mm. 0.55 mm
0.72 mm, L& F2 & 43 5] 3K 86.98%. 91.24%. 86.94%.
88.17% FlI 79.71%, TEhE . B . AR ¥ S 8] 320 X 3 LA
EOT11a #3245 B e b, GOT4.8 B X 45 Sk 2z 5 X F
Q, 4> )l , FES2014, EOT1la, GOT4.10c., GOTA4.8 Fil
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0.05 mm, 0.07 mm F10.16 mm, IR fA4aI4 2253 5°h 6.52°,
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WK 95.77%. 95.31%. 94.55%. 94.73% Hl 69.98%, 7
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Table 3 Harmonic constants of eight principal tidal constituents under the CF reference frame in the Bohai Sea, Yellow Sea, East

China Sea and surrounding areas

M, S, N, K, K, 0O, P, Q

Ytz 2R pURIIRREIRIQEAL]

PR Rf PRIE R MRIE B RIS RMA RIS BA RIE BA IRIE BA RIS RMA
31.82°N  130.60°E 4879 15.87 1234 8.48 1475 3.40 117.8 2.69 1153 11.05 2348 8.69 230.0 3.73 247.1 1.81 216.8
39.61°N 115.89°E 4183 222 113.1 091 992 0.55 1149 057 167.7 522 2456 276 2324 1.10 238.7 0.57 227.8
27.07°N  142.20°E 1320 13.00 81.9 5.80 100.0 261 852 1.68 685 13.95 231.7 1091 2152 525 233.6 233 196.7
27.10°N  142.18°E 4712 13.16 82.0 6.19 100.0 2.61 86.1 144 705 14.14 231.7 10.87 213.1 5.00 2334 233 204.7
43.79°N  125.44°E 2375 244 98.1 0.65 1004 0.61 111.7 1.12 1083 575 247.6 3.55 218.6 1.58 206.4 0.76 211.5
36.40°N 127.37°E 4398 510 672 295 999 0.84 760 0.76 97.7 629 266.8 4.90 2432 2.68 250.8 1.05 231.6
30.56°N  131.02°E 2248 21.17 1123 9.67 139.2 430 1072 3.86 117.9 12.00 260.0 10.62 227.1 4.57 238.6 2.06 214.6
35.71°N  139.49°E 3274 7.89 595 334 789 123 746 134 53.1 10.15 2234 832 2065 3.07 2272 1.58 196.4
35.96°N  140.66°E 3205 894 481 572 679 123 514 139 298 10.01 2158 948 201.8 4.13 2199 2.10 1944
25.03°N  102.80°E 4027 2.16 1587 1.45 108.6 046 138.0 1.47 31.6 524 2928 225 2959 0.65 356.4 0.40 259.0
39.14°N  141.13°E 3316 6.65 306 3.01 63.0 0.75 47.8 0.58 28.1 10.67 217.1 7.90 197.6 3.73 217.6 1.54 192.0
35.68°N  139.56°E 3239 813 586 3.62 782 133 693 0.63 1052 11.05 2234 838 2063 3.42 2275 1.76 198.8
37.08°N  127.02°E 3505 811 609 3.72 102.0 1.17 59.0 1.06 91.9 6.10 263.6 4.59 247.8 2.05 263.7 093 232.7
31.10°N  121.20°E 4373 746 2158 1.83 2392 1.61 1933 1.27 305.1 794 2542 544 2451 2.66 2534 1.04 2286
43.53°N  141.84°E 3095 508 242 236 557 034 460 056 912 879 2212 7.27 1972 3.29 2193 1.42 1887
37.28°N  127.05°E 4618 7.66 648 3.67 1045 1.18 598 1.11 814 572 256.0 4.55 2450 220 2457 097 236.5
36.11°N  140.09°E 5768 7.80 53.0 412 69.6 121 683 090 50.5 11.04 2262 839 2034 3.87 2229 1.75 198.0
36.13°N  138.36°E 5508 6.56 63.0 3.19 945 122 77.6 080 845 10.18 2369 7.11 2074 3.54 2373 1.49 1983
30.53°N  114.36°E 5471 3.74 1457 195 1298 0.96 1355 0.22 3157 541 266.7 3.23 2635 132 2773 0.63 2523
34.37°N  109.22°E 3041 225 1362 1.08 1179 0.52 1284 0.69 1853 335 2745 227 2569 0.58 200.7 047 2253
24.80°N 120.99°E 3150 1298 211.0 4.23 2209 3.17 186.4 1.02 181.6 8.08 287.5 834 2693 2.85 290.6 1.69 252.5
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harmonic constants between each model values
and GPS observations in Bohai Sea,
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Table S Accuracy analysis of EOT11a vertical displacement

loading tide model in different regions

FES2014 EOT1la GOT4.10c GOT4.8 NAO.99

M, AH/mm 0.47 0.56 0.88 0.85 0.94
Ag/(°) 19.71 2.94 5.74 5.65 10.22
o /mm 0.71 0.90 1.71 1.69 1.88
/% 99.12 98.62 94.85 95.01 93.81
S, AH/mm 0.70 0.69 0.75 0.76 0.53
Ag/(°) 7.20 6.95 9.39 8.24 6.14
o /mm 1.09 1.08 1.12 1.13 0.83
/% 89.16 89.22 88.51 88.28 93.66
K, AH/mm 1.06 1.03 1.06 1.08 1.63
Ag/(°) 9.58 6.44 10.13 10.41 12.18
o /mm 1.79 1.75 1.84 1.85 2.53
/% 81.13 83.63 80.11 79.86 62.39
O, AH/mm 0.24 0.18 0.13 0.17 1.02
Ag/(°) 5.51 1.49 6.02 4.90 11.36
o /mm 0.52 0.31 0.49 0.43 1.55
/% 97.95 99.34 98.20 98.61 81.99
N, AH/mm 0.16 0.10 0.18 0.17 0.35
Ag/(°) 9.28 4.43 13.37 12.17 16.23
o /mm 0.23 0.17 0.31 0.30 0.47
/% 97.37 98.67 95.18 95.51 89.01
K, AH/mm 0.43 0.45 0.47 0.47 0.38
Ag/(°) 37.74 38.45 37.88 37.71 38.06
o /mm 0.78 0.80 0.80 0.82 0.78
/% 56.18 53.71 54.06 52.03 56.84
P, AH/mm 0.41 0.30 0.41 0.37 0.28
Ag/(°) 13.19 10.24 13.02 13.04 19.39
o /mm 0.58 0.50 0.58 0.55 0.72
/% 86.98 91.24 86.94 88.17 79.71
Q; AH/mm 0.06 0.08 0.05 0.07 0.16
Ag/(°) 6.52 5.14 8.34 8.16 18.24
o /mm 0.15 0.16 0.17 0.16 0.39
/% 95.77 95.31 94.55 94.73 69.98

SNEPNT HA S e
M, AH/mm 0.31 0.70 1.04
Ag/(°) 4.69 1.68 2.47
o /mm 0.82 0.91 1.10
S, AH/mm 0.70 0.99 0.07
Ag/(®) 10.83 4.66 333
o /mm 0.94 1.35 0.21
K, AH/mm 1.60 0.84 0.60
Ag/(®) 9.19 6.18 4.67
o /mm 1.97 1.94 0.84
O, AH/mm 0.17 0.25 0.08
Ag/(®) 1.47 1.57 1.60
o /mm 0.23 0.39 0.17
N, AH/mm 0.08 0.12 0.11
Ag/(®) 3.69 6.18 2.40
o /mm 0.14 0.20 0.12
K, AH/mm 0.50 0.59 0.07
Ag/(®) 77.81 23.43 6.07
o /mm 0.91 0.88 0.18
P, AH/mm 0.19 0.30 0.51
Ag/(®) 2230 3.58 7.37
o /mm 0.52 0.46 0.60
Qi AH/mm 0.08 0.07 0.06
Ag/(®) 9.50 2.36 3.70
o/mm 0.18 0.13 0.10

A AE P B AR A JC T ko A W) IR AN 77 7 G )
PO SR EE ]t S o T W A e L DS N B
A K, S, a3 [ R S A L B AT R A R
K, 3 ] {37 8% G far W 4IR B8 AR T S, BR800 A 1L
AR — B, K, 3 1] (52 % T4 390 09 fie R 4R it ) B
1 T IR I 7R A PG DR XI5 — B A AR i VL o
S SRS, B i R BRI . fE i | B
W AR ISR, K, 7 [ 50 A% 07 A 0 £ B 1L Sk SRR AT AE
UANTCH L, FELARE By R T A7 AE 1A JCi s . TR
PN PRI, K, 3 ) 37 F% 670 7 3 AN A7 7R TR A, (EAE AL
AR B g i ol i A A 1A TG A R T b A A
FEJCH L, (EAE ) i > 15 g i i b T2 i 1 A0 A



12 4

TRIGE R A5 A BRI [ {3 % S0 7m0 A a7 i o L BR0VAE L 2 T o) T I3 At BE 3 A

25

450100° 105° 110° 115° 120° 125° 130°

140° 145°E

EOT1 lafizt

135° 140° 145°E

45
N N
40° - 40° -
350 350
30° 30°
25° 25°

450 45°
N N
40° - 40° -
350 350
30° 30°
25° 25°

P
N | NAO.99bRit:

s

K2 KA

S BRI (] LB ST AR T M, A I | BRI AR LA 1 DX () 3 1

Fig.2 Co-tidal charts of M, for different global vertical displacement loading tide models in the Bohai Sea,

Yellow Sea, East China Sea and surrounding areas
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Fig. 3 Co-tidal charts of S, for different global vertical displacement loading tide models in the Bohai Sea,

Yellow Sea, East China Sea and surrounding areas
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Fig.4 Co-tidal charts of N, for different global vertical displacement loading tide models in the Bohai Sea,

Yellow Sea, East China Sea and surrounding areas
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Fig. 6 Co-tidal charts of K, for different global vertical displacement loading tide models in the Bohai Sea,

Yellow Sea, East China Sea and surrounding areas
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Fig. 7 Co-tidal charts of O, for different global vertical displacement loading tide models in the Bohai Sea,

Yellow Sea, East China Sea and surrounding areas
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Fig. 8 Co-tidal charts of P, for different global vertical displacement loading tide models in the Bohai Sea,
Yellow Sea, East China Sea and surrounding areas
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Fig. 9 Co-tidal charts of Q, for different global vertical displacement loading tide models in the Bohai Sea,

Yellow Sea, East China Sea and surrounding areas
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Dashed lines indicate amplitude (mm), solid lines indicate Greenwich phase-lag (°)
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Abstract: In this study, the harmonic constants of the 5 global vertical displacement loading tide models FES2014,
EOT11a, GOT4.10c, GOT4.8 and NAO.99b are validated evaluated to the observed data of 21 GPS stations in Bo-
hai Sea, Yellow Sea, East China Sea and surrounding areas. The results show that the accuracy of the M, constitu-
ents of FES2014 and EOT11a models are relatively high, S, constituents of NAO.99b and EOT11a models are relat-
ively high, K, constituents of EOT11a and FES2014 models are relatively high, O, constituents of EOT11a and
GOT4.8 models are relatively high, N, constituents of EOT11a and FES2014 models are relatively high, K, constitu-
ents of NAO.99b and FES2014 models are relatively high, P, constituents of EOT11a and GOT4.8 models are relat-
ively high, Q, constituents of FES2014 and EOT11a models are relatively high. The distribution features of the
eight vertical displacement loading tides in Bohai Sea, Yellow Sea, East China Sea and surrounding areas.

Key words: accuracy assessment; vertical displacement loading tide model; Bohai Sea, Yellow Sea, East China Sea and

surrounding areas; GPS stations
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