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Deflections of the vertical determination based on multi-beam laser altimetry satellite ICESat-2 data
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Abstract: In satellite altimetry, the traditional microwave radar ocean altimeter satellite has an orbital inclination of
nearly 90° and only along-track deflection of vertical can be calculated by using along-track sea surface height data,
resulting in the lower precision of the prime vertical component than that of the meridian component. ICESat-2 is
equipped with an ATLAS system that can simultaneously transmit six laser beams to measure the sea surface
height. which is expected to improve the precision of the prime vertical component by calculating the cross-track
deflection of the vertical. In this paper, ICESat-2’s sea surface height product, ATLI12, was used to calculate the
along-track deflection of the vertical and cross-track deflection of vertical in the South China Sea (0°N~ 30°N,
105°E~125°E). The 1' X 1" gridded deflection of the vertical was inverted by using the least-squares collocation
method. The results show that the meridian and prime vertical components calculated by the along-track sea surface
height data are verified by XGM2019¢_2159-DOV model with the precision of 0. 90" and 1. 91" respectively. The
precision of the meridian component is significantly higher than that of the prime vertical component. The
meridional and prime vertical components calculated by cross-track sea surface height data are verified by XGM2019e
_2159-DOV model with the precision of 2. 63" and 1. 66", respectively. The precision of the prime vertical
component is improved and higher than that of the meridian component.
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Fig. 5 Schematic diagram of calculating cross-track deflection of the vertical
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# 1 ICESat-2 S EI S #EE XGM2019e_2159-geoid 1 Bl 2 E 51t *
Table 1 The difference between ICESat-2 sea surface height data and XGM2019e_2159-geoid model

PR SR LR/ % AR B/ A R{E/em fe/ME/em T¥IE/em P HE AR 2% / cm
1L 24.34 284 948 336.35 —273.68 48.93 17.49
2L 4.23 284 948 430. 99 —307.25 49.17 21.86
3L 22.06 284 948 467.32 —282.72 49.05 17.38
IR 26. 32 266 383 402. 89 —175. 97 47.80 16. 80
2R 4.01 266 382 527.64 —241.39 48.41 21.57
3R 24.25 266 383 446. 90 —196.15 47.02 16.73

3 HRSTR

3.1 EESHERE

AW 5% 38 3 % L ICESat-2 Fl Jason-3 A58 XS FFERG B ok 6 B ICESat-2 i [ & 58 i il §E . i
$E 91 d A BIUIE JE VR Ay Bk ] 0 >R FH Sk [ 16 1 0eatk i 45 B 22 1R 38 L L . ICESat-2 Fl Jason-3
3E X T A THES I E B W 2, W3 2 v LIE 1 ICESat-2 ¥ 1 5 1Y 6 4% % 338 XS R A 18 1 b o
i 22 38 . Jason-3 F 3¢ X AR 45 1 kS B2 75 F ICESat-2 11,

%2 ICESat-2 1 Jason-3 ) 91 d A X A E 5 A ESIT
Table 2 The crossover difference in 91 days for ICESat-2 and Jason-3

PR B/ RR{E/em I/ME/em FH{E/em P AR 2% / cm

1L 3502 35.08 —36. 43 —0.88 11.18

2L 3117 32.82 —34.47 —1.01 10.58

3L 3539 33.91 —34.33 —0.67 10.72

IR 3 600 37.99 —38. 86 —1.18 12.21

2R 3 206 36. 50 —37.90 —0.91 11. 68

3R 3764 38.78 —40. 06 —0.56 12.32
ICESat-2 73 713 36.99 —38.84 —0.96 11. 89
Jason-3 61 825 37.13 —37.09 0.04 10.07
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Table 3 The difference between the gridded DOV in different Gaussian

filter windows and XGM2019e_2159-DOV model @)
o/km
W J5' 1)
4 8 12
T4 1.03 0.90 0.92

ICESat-2_XGM2019
i) 2.12 1.91 1. 97

% 4 ICESat-2 if# DOV 5 XGM2019¢_2159-DOV # 8 £ & 5 i+ R
Table 4 The difference between ICESat-2 along-track DOV and XGM2019e_2159-DOV model

PBH ok /A4 eRfE/ /ME/ D FHE/ O Fr e i 22/ ()
1L_XGM2019 336 340 3.87 —3.86 0.01 1.27
2L_XGM2019 262 951 3.69 —3.68 0.02 1.19
3L_XGM2019 325 946 3.84 —3.26 0.03 1.25
IR_XGM2019 303 125 3.90 —3.90 0.01 1.29
2R_XGM2019 245 319 3.72 —3.73 —0.01 1.21
3R_XGM2019 314 708 3.93 —3.92 0.04 1.30

ICESat-2_XGM2019 1730 128 3.83 —3.53 0.02 1.15
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Fig. 6 Gridded DOV calculated by the along-track DOVs in the South China Sea
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Table 5 The difference between the gridded DOV calculated by along-track DOV sand XGM2019e_2159-DOV model @)
PR 77 1] ISP Fe/MAE A o o g 22
T4 14. 36 —13.49 —0.01 0.98
1L_XGM2019
pvy 27.43 —28.97 0.28 1.97
T 15. 08 —20. 60 —0.01 1. 04
2L XGM2019
o 34.19 —32.35 0. 26 2.01
T4 12. 94 —10. 26 —0.01 0.95
3L _XGM2019 B
un 27.01 —27.05 0. 25 1.92
T4 11.51 —16. 27 —0.01 0.95
1R_XGM2019 -
] 26.15 —28.42 0. 24 2.00
T4 14.55 —16.50 —0.01 1.08
2R_XGM2019
on vy 28.31 —28. 80 0.31 2.03
T4 12.97 —13.37 —0.01 0.93
3R_XGM2019
N} 25.58 —24. 34 0.27 1.98
T4 13. 44 —13.24 —0.08 0.90
ICESat-2. XGM2019
gy 25. 24 —27.38 0.18 1.91
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Table 6 The difference between ICESat-2 cross-track DOV and XGM2019e_2159-DOV model
ekl B /A KA/ (D M/ (D -4/ (D STD/("
1L-2L_XGM2019 232 813 5.48 —5.42 0.03 1.76
1L-3L_XGM2019 273 674 4.63 —4.35 0.14 1.38
2L-3L_XGM2019 237 206 4. 81 —4.55 0.13 1.47
1R-2R_XGM2019 218 674 5.25 —5.60 —0.18 1. 99
1R-3R_XGM2019 255 793 4.59 —5.22 —0.31 1.57
2R-3R_XGM2019 218 674 5.25 —5.60 —0.18 1.78
ICESat-2_XGM2019 1500 917 4.01 —4.20 —0.01 1. 35
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Fig. 7 Gridded DOV calculated by the cross-track DOVs in the SCS

®7 B DOVIHEHMIE DOV 5 XGM2019¢_2159-DOV # I £ H 5 it %
Table 7 The difference between the gridded DOV calculated by cross-track DOVs and XGM2019e_2159-DOV model @)

WA A 5 1) KA fo/ME - STD
ToF 41.93 —40. 74 —0.29 3.17

1L-2L_XGM2019
i) 33.22 —37.33 —0.11 2.10
T 41.93 —40. 74 —0.19 2.67

1L-3L_XGM2019
g 28. 24 —25.53 0.06 1.66
T4 41.71 —16. 30 —0.28 3.06

2L-3L_XGM2019
oy 26. 83 —28.85 —0.17 1.95
TR 42.76 —44.95 —0.23 3.30

1R-2R_XGM2019
[Tk 24. 41 —28.74 0.11 2.12
T 44,49 —44. 37 —0.21 2.91

1R-3R_XGM2019
o 19.03 —18.77 0.08 1.73
T 45.55 —38.05 —0.29 3.17

2R-3R_XGM2019
by 29. 62 —32.95 0.19 1.98
T 44.72 —46. 32 —0.21 2.63

ICESat-2. XGM2019
oy 27.92 —22.30 0.18 1. 66
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