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Determination of earth gravity field model WHU-GM-0S5 using GRACE gravity data
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Abstract  Based on the energy integral equation of satellite orbit-motion, some applied
computation formulas for Earth gravity field recovery from satellite to satellite tracking data are
presented, in which a strict expression of the difference of kinetic energy between two satellites
on the same orbit in terms of KBR range-rate observation value is given. Using GRACE data
from two satellites and the energy integral method, a gravity model up to degree 120 is derived,
which is named WHU-GM-05. The tests of WHU-GM-05 series are performed by multi-
comparisons, which include the comparisons between the model series and several analogous
international geopotential models including EIGEN-GRACE series and GGMO02S with respect to
the corresponding degree variances and geoidal heights, and comparisons of the model geoidal
heights with GPS leveling in the area of U. S. and China (some regions). The results show that
the total accuracy of WHU-GM-05 is near to that of the models used in the comparisons.
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Table 1 Tests by GPS leveling networks in China

F 7 JETT 1 RAEEFEH (day) P2 (m) I KA (m) /ME (m) 75 1R (m)
EGM96 360 - —0.043 2.929 —3.163 0. 660
EGM96 120 - —0.058 3.086 —4.887 0. 887
WDMO94 360 - —0.533 2.809 —5.277 0.639
GGMO02S 160 363 —0.617 4. 439 —5.732 1.943

EIGEN-GRACEO02S 150 110 —0. 260 3.157 —6.367 0. 827
EIGEN-CHAMPO03S 140 975 —0. 838 4. 657 —11. 147 2.085
WHU-GM-05 120 60 0. 567 3.339 —4.417 1.243
F® 2 EE GPS KN KK
Table 2 Tests by GPS leveling networks in U. S.

Fi7 JEETT B £k RAEJAM (day) -3 {E (m) R AE (m) e /ME (m) 175 R (m)
EGM96 360 - —1.062 1. 668 —4.879 0.525
EGM96 120 - —1.074 2.668 —5.739 0.798
WDM94 360 - —0.775 2.068 —4.639 0.581
GGMO02S 160 363 —1.077 2.358 —4.294 1. 045

EIGEN-GRACE02S 150 110 —1.077 2.648 —5.169 0. 760
EIGEN-CHAMPO03S 140 975 —1.064 3.087 —6.049 0. 896
WHU-GM-05 120 60 —1.092 2.588 —6.169 1.042
x3 FWMEBRXMKEESS EGMI6 HEEZ =
Table 3 Difference in geoid heights between various models and EGM96

H7 JEETT i Kk KA (day) P2 (m) BRAE (m) IR /M (m) 77 R (m)
WDM94 360 - —0.027 12.678 —16.63 1. 434
GGMO02S 160 363 —0.005 7.308 —11.872 1. 144

EIGEN-GRACE02S 150 110 0. 009 7.801 —11.373 0.793
EIGEN-CHAMPO03S 140 975 —0.011 12.598 —17.626 1.127
WHU-GM-05 120 60 0. 047 6.683 —11.399 0. 887

GRACEO2SHH Z 0. 41m; H AR A2, 0m
A

F2 W T AR OR K S 0E W
GPS /K A 9 B g% W (3 2723 A 50 He A 2518
it 45 %, EGM96 #1 WDMO94 43 %] 4 0. 52 m I
0. 58 m. i & G H KR 0.06 m, EGM96 1 Bk Jir
RS2 i TR R T 36 I A M T ) 00 .
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0.28 m,fH5 GGMO02S ¥ & 41 4.

I 4% TR EE B R M K ofE T ¥ 5 EGMI6
KM K VE T AE T (% 3) , EIGEN-GRACE-02S
5 0.79 m, WHU-GM-05 5 0. 89 m, 42 0.1 m,
CHAMP Ei% %y 1. 13 m,GGMO02S Yy 1. 14 m, Z{H
JLFAE TR A 226 35 T WHU-GM-05 7.
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Fig. 6 Differences in geoid heights between WHU-GM-05 and EGM96 (unit: m)
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Fig. 7 Differences in geoid heights between WHU-GM-05 and GGM02S (unit: m)
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