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Field in Terms of Mascon Solution
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Abstract: Objectives: The ocean tide model (OTM), as one of the significant background models in the inversion of
the temporal gravitational field, is of considerable scientific significance to investigate the impact of its model noise
on the accuracy of the inversion of the temporal gravity field. The Mascon (Mass Concentration) solution is one of the
representations of the Earth's temporal gravity field, which focuses on signal’s spatial pattern, providing a new per-
spective in spatial domain on the impact of OTM error. Methods: In this paper, with EOT11a serving as the baseline,
the differences of model FES2004, EOT11ag, FES2014b and EOT20, were utilized to simulate real OTM errors.
Besides, based on modified dynamic method for Mascon solution, a closed-loop numerical simulation experiment was

conducted for low-low satellite-to-satellite tracking mission. By conducting simulations, the spatial distribution of
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OTM errors can be determined from the differences in satellite along-track perturbations calculated by various models.
The impact on the Mascon solution can be assessed by comparing the results to a baseline error-free outcome. Results:
The spatial distribution of acceleration residuals showed that: large magnitude of OTM errors exhibited in high latitude
region for FES2014b and EOT20, as they shared identical systematic biases in such region; FES2004 model differed
in shallow sea areas at mid-to-low latitude, attributed to its modeling method; additionally, while FES2014b and
EOT20 contained more tidal components, there were noticeable errors in ocean area. For the Mascon results, the
impact of OTM error showed different characteristics: the OTM errors had little influence on the inversion of signals
within continental regions at mid-to-low latitude; the systematic OTM errors in high latitude region may cause aliasing
with signals in such area; the unmodeled tidal signals caused significant north-south striping errors in ocean area.
Conclusions: The main research conclusions are as follows: (1) High-frequency tidal signals within ocean tide models
lead to significant striping errors. These manifest as striping errors over the oceans and interfere with the fine modeling
of signals on land. (2) Systematic differences exist in ocean tide model errors, notably evident in shallow sea areas
and high-latitude regions. These errors significantly affect the extraction of time-varying signals in polar regions and
cannot be ignored in shallow sea areas at mid-to-low latitudes.

Key words: ocean tide model error, temporal gravity field, Mascon solution
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Fig. 1 Flowchart of Earth’s gravity field determination and assessment
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Fig. 2 The radial perturbation force discrepancies derived from different ocean tide models
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Fig. 4 The difference of Mascon solution based on different ocean tide models error

4 g

ARSI AL AL ST I B 98 B 1 S, M P AR O A, it T AN TR il R R
TSP SRR, TRAR AT 1 IR R 22X, Mascon Al S ISURS FEFISENE, 19 ) E 2518 0
LE

(1) HREARZE 5 DR WTHRARIR & 2P A i iR 22, b RERE IS 5 MR 50N 2
%, ELAEREHFR > RS O ) IR I SN o M IR 2 AR e B AT LS R ZE I
FEAE, XTIl E A AR5 5 0 25 DOREE IR AN K, A8 A XA 2 B B 2% i R 22 3 BUN RS 5 X Ak Itk
Rt _E R ARAE 5 RS A A

(2) MR RR ZAFAE R G ZE AR DXL i 443 DX DL o 6F T P Wl [X 3 i 9
%, AL Sem PAE; AR DRI R MO N R8s, AR R X, (EAS AN R R

SRS, R R 220 I A8 773 Mascon i IR (E 4 BRAN R DXCOSGRBAS AR ], 5 i A
R Ry SR B DI OG . DRI, RS ALY, s iR A iR 22, i $2TT Mascon fifAs
FEREER FLA R L — o I IR ZEAE Mascon fiff 7 (1 il & 70 R B 0 AN RER DU 3, thoaile
ERIE R R EOE AN AR 38, 3R 4L 7 — BT RORT TR R



[2]

[3]

[4]

SEH

Tapley B. D., Bettadpur S., Watkins M., et al. The gravity recovery and climate experiment: Mission over-
view and early results[J]. Geophysical Research Letters, 2004, 31(9).

Dai M., Zhou H., Ma W., et al, Tracking shallow and deep groundwater storage changes in North China
Plain with improved fusion method and hybrid spectral analysis approach[J], Journal of Hydrology, 2024,
633:131001.

Ma W., Zhou H., Dai M., et al. Characterizing the drought events in Yangtze River basin via the insight
view of its sub-basins water storage variations[J]. Journal of Hydrology, 2024, 633: 130995.

Otosaka I. N., Horwath M., Mottram R., et al. Mass Balances of the Antarctic and Greenland Ice Sheets
Monitored from Space[J]. Surveys in Geophysics, 2023, 44(5): 1615-1652.

Tang L., Zhou H., LiJ., et al. Effect of Argo Salinity Drift since 2016 on the Estimation of Regional Steric
Sea Level Change Rates[J]. Remote Sensing, 2024, 16(11): 1855.

Tapley B. D., Watkins M. M., Flechtner F., et al. Contributions of GRACE to Understanding Climate
Change[J]. Nature Climate Change, 2019, 5(5): 358-369.

XIONG Jinghua, GUO Shenglian, WANG Jun, et al. Variation and Attribution of Terrestrial Water Storage
in the Yangtze River Basin[J]. Geomatics and Information Science of Wuhan University, 2024, 49(12):
2241-2248(FE e e, #RAE 25, FAR 55 K VT IR I v K fif 278 4 SR BRI 7L ()], BB 524k (5 Bk
2HR), 2024, 49(12): 2241-2248).

QU Wei, CHEN Peinan, ZHANG Pufang, et al. Spatiotemporal Changes of GWS Changes and Their Sus-
tainability in the Upper Reaches of the Yellow River Basin from 2002 to 2022 Revealed by
GRACE/GRACE-FO Observations[J]. Geomatics and Information Science of Wuhan University, 2024,
49(8): 1287-1299(EE 14, B 53 5K ¥ J7, % . GRACE/GRACE-FO 7~ #] L i 2002-2022 £ GWS M

T FREEME I AL D] R DOR 2222 R (5 B EFHZRR), 2024, 49(8): 1287-1299).



[9] LI Wangiu, GUO Qiuying, ZHANG Chuanyin, et al. Terrestrial Water Storage and Crustal Vertical Varia-
tion in Xinjiang Region,China Using Independent Component Analysis[J]. Geomatics and Information
Science of Wuhan University, 2024, 49(5): 794-804(Z= Ak, #5 Ak I, T AL 41, 25 I F B ST 1R 40 43 v 49F
T b X b 7K i 5 A JHG 7 3 ) AR A ] ECDOR 5 223 (5 B R RR), 2024, 49(5): 794-804).

[10] Flechtner F., Neumayer K. H., Dahle C., et al. What Can be Expected from the GRACE-FO Laser Ranging
Interferometer for Earth Science Applications[J]. Surveys in Geophysics, 2015, 37(2): 453-470.

[11] Zhou H., Zheng L., Pail R., et al. The impacts of reducing atmospheric and oceanic de-aliasing model error
on temporal gravity field model determination[J]. Geophysical Journal International, 2023, 234(1): 210-

227.

[12] Pfaffenzeller N., Pail R. Small satellite formations and constellations for observing sub-daily mass changes
in the Earth system[J]. Geophysical Journal International, 2023, 234(3): 1550-1567.

[13] Koch 1., Duwe M., Flury J. Residual and unmodeled ocean tide signal from 20+ years of GRACE and
GRACE-FO global gravity field models[J]. Journal of Geophysical Research: Solid Earth, 2024, 129(9):
€2024JB029345.

[14] WANG Chang-Qing, XU Hou-Ze, ZHONG Min, et al. A study on the effect of ocean tides error in GRACE
temporal gravity field recovery[J]. Chinese Journal of Geophysics (in Chinese), 2015, 58(9): 3072-
3079(EKTE, VB3 B L 55 W] 2 22 60 GRACE B AR )3 i S 1 52 iF 72 (0], HhBRVIEE 43R,

2015, 58(9): 3072-3079).

[15] Hauk M., Pail R. Treatment of ocean tide aliasing in the context of a next generation gravity field mis-

sion[J]. Geophysical Journal International, 2018, 214(1): 345-365.

[16] Abrykosov P., Sulzbach R., Pail R., et al. Treatment of ocean tide background model errors in the context
of GRACE/GRACE-FO data processing[J]. Geophysical Journal International, 2022, 228(3): 1850-1865.

[17] Luthcke S B, Sabaka T J, Loomis B D, et al. Antarctica, Greenland and Gulf of Alaska land-ice evolution
from an iterated GRACE global mascon solution[J]. Journal of Glaciology, 2013, 59(216): 613-631.

[18] Watkins M M, Wiese D N, Yuan D N, et al. Improved methods for observing Earth's time variable mass

distribution with GRACE using spherical cap mascons[J]. Journal of Geophysical Research: Solid Earth,

10



2015, 120(4): 2648-2671.

[19] Save H, Bettadpur S, Tapley B D. High-resolution CSR GRACE RL05 mascons[J]. Journal of Geophysical
Research: Solid Earth, 2016, 121(10): 7547-7569.

[20] Markus A. A review of different mascon approaches for regional gravity field modelling since 1968[J],
History of Geo- and Space Sciences, 2022, 13: 205-217.

[21] Muller P M, Sjogren W L. Mascons: Lunar Mass Concentrations[J]. Science, 1968, 161(3842): 680-684.

[22] Rowlands D D, Luthcke S B, Klosko S M, et al. Resolving mass flux at high spatial and temporal resolution
using GRACE intersatellite measurements[J]. Geophysical Research Letters, 2005, 32(4).

[23] Tregoning P, McGirr R, Pfeffer J, et al. ANU GRACE data analysis: characteristics and benefits of using
irregularly shaped Mascons[J]. Journal of Geophysical Research: Solid FEarth, 2022, 127(2):
€2021JB022412.

[24] Kvas A., Behzadpour S., Ellmer M., et al. ITSG-Grace2018: Overview and Evaluation of a New GRACE-
Only Gravity Field Time Series. Journal of Geophysical Research: Solid Earth, 2019, 124(8), 9332-9344.

[25] YIN Heng, YOU Wei, FAN DongMing, et al. Variance constraint radial point-mass method for inversion
of earth surface mass variation. Chinese Journal of Geophysics (in Chinese), 2022, 65(7): 2464-2483(F*
1B 9, V0 2R B, 5 SO I 3R B AR AL R B A 7 ZE A R AR 1] RO EE T i LERP PR AR AR, 2022,
65(7): 2464-2483).

[26] Loomis B.D., Luthcke S.B. Sabaka, T.J. Regularization and error characterization of GRACE mas-
cons[J]. Journal of Geodynamics,2019, 93: 1381-1398.

[27] SU Yong, ZHENG WenLei, YU Biao, et al. Surface mass distribution derived from three-dimensional
acceleration point-mass modeling approach with spatial constraint methods[J]. Chinese Journal of Geo-
physics (in Chinese), 2019, 62(2): 508-519(F5 5,5 SC &, R, 55 I % 5t 2 AL BB == (R 2931

(1) = A i FE PR AR Y 0], HERPEE 244, 2019, 62(2): 508-519).

11



[28] Lyard F., Lefevre F., Letellier T. et al. Modelling the global ocean tides: modern insights from FES2004[J].
Ocean Dynamics, 2006, 56: 394-415.

[29] Spiridonov E. A., Vinogradova O. Y. Oceanic Tide Model FES2014b: Comparison with Gravity Measure-
ments[J]. Izvestiya, Atmospheric and Oceanic Physics, 2021, 56(11), 1432-1446.

[30] Savcenko R., Bosch W., Dettmering D., et al. EOT11a - Global Empirical Ocean Tide model from multi-
mission satellite altimetry, with links to model resultsfOL], 2012. Retrieved from:
https://doi.org/10.1594/PANGAEA.834232.

[31] Hart-Davis M. G., Piccioni G., Dettmering D., et al. EOT20: a global ocean tide model from multi-mission
satellite altimetry[J]. Earth System Science Data, 2021, 13(8), 3869-3884.

[32] Mayer-Giirr T., Savcenko R., Bosch W, et al. Ocean tides from satellite altimetry and GRACE[J]. Journal
of Geodynamics, 2012, 59-60: 28-38.

[33]Ries J., Bettadpur S., Eanes R., et al. The Combined Gravity Model GGMOS5C[ET/OL]. GFZ Data Services,
2016.

[34] Dobslaw H., Bergmann-Wolf 1., Dill R., et al. The updated ESA Earth System Model for future gravity
mission simulation studies[J]. Journal of Geodesy, 2015, 89: 505-513.

PIZE K :

PR . A % 72 00 I AR EL )3 Mascon il BRI 50 73 A

VR ZPhESs, ALy, ENSHE, JvG, a7, Mk

Woks H i 2025-02-20
DOI:10.13203/j.whugis20240373

5 kg
TWESR, A2, EMOME, &5 MBI R 220 N AR 5 5 Mascon f#HOSZME 73 BT[] E0DUR 244k
(5 BRFERD |, 2025, DOI:10.13203/J.whugis20240373 (LI Yaozong, ZHENG Lijun, WANG Penghui, et
al. The Impact of Ocean Tide Model Error on Temporal Gravity Field in Terms of Mascon Solution[J]. Geo-
matics and Information Science of Wuhan University, 2025, DOI:10.13203/J.whugis20240373 )

12



MEE R XEARERE EXHRESEEMERN, 8RR BB !

SR IBIGB I HABAE R :

GRACE 22 & #7375 1R i) B 38 B 1E Ak 388 77 12
REIH, Tk, R

UK 224 (5 B RFERR), 2024, 49(11): 2101-2112.
http://ch.whu.edu.cn/article/doi/10.13203/j.whugis20240316

FG5 #4502 71U I HHE 59 SE i 2 7781 % SUE
HEESR, BRIEZR, RABHE, IV, A&, M, FRf
EODUR 22 4R (15 B RFAR), 2020, 45(6): 870-878.
http://ch.whu.edu.cn/article/doi/10.13203/j.whugis20180472

FIF GRACE BRHE R R ENRE /134 — A
W, BEEE, ST, B, FoRsR, mER, RMER
BRI (15 BB, 2016, 41(8): 1100-1106.
http://ch.whu.edu.cn/article/doi/10.13203/.whugis20140303

13



