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Abstract: Objectives: In solving the Earth’s surface boundary value problem through terrain adjustment
and downward analytical continuation of gravity data, the process ultimately reduces to the computation of
a global integral model for the disturbance potential functional in the external space of the Earth, which con-
tains a kernel function with geocentric radius factor. When the computation point approaches infinitely close

to the spherical grid nodes, singularities occur in the integral kernel functions of such computational
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models, leading to failure in calculation results. Methods: To address this issue, two distinct solutions are
proposed to eliminate the singularities in the integral kernel functions: one is called central grid data block
separation method, and the other is called computation point grid data remove-restore technique. Con-
currently, a practical modification scheme is developed for converting global integral models into localized
numerical integration models, resolving the challenge of precise calculation of ultra-low—altitude height
anomalies in the Earth’s external space. The influence characteristics and equilibrium relationships between
observational data errors and height anomaly computation results are systematically analyzed, identifying
the primary interference sources affecting the accuracy of external height anomaly calculations. Results:
The Mount Everest region is selected as a test area, where the singularity elimination solutions and model
modification schemes are numerically validated using the ultra—high—degree geopotential model EGM2008.
The results confirm the feasibility and effectiveness of the proposed methodologies. Even in the Mount
Everest region where gravity field variations are extremely intense, the refined rigorous computational
model can achieve an internal consistency accuracy better than 1 cm. Conclusions: The results show that re-
ducing systematic bias in data observation and implementing kernel truncation modification measures are
key to improving the accuracy of external height anomaly calculations. And using the modification model
recommended in this paper for calculating external height anomalies can meet the requirements of con-
structing high—accuracy and high—-resolution numerical models of height anomalies today.

Key words: external height anomaly; a kernel function with geocentric radius factor; model refinement;

singular integral; error analysis; numerical validation
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Table 2 Effect of Systematic Gravity Anomaly Bias on Height Anomaly Accuracy/cm

Az g agr
WAL /km e — SAg= SAg = SAg = SAg= SAg = SAg = SAg= SAg =
0.1 mGal 0.5 mGal 1 mGal 0.1 mGal 0.5 mGal 1 mGal 0.1 mGal 0.5 mGal 1 mGal
0 27.23 136.10 272.20 0.10 0.50 1.00 —0.01 —0.04 —0.09
0.01 27.23 136.10 272.20 0.10 0.50 1.00 —0.01 —0.04 —0.09
0.05 27.23 136.10 272.20 0.10 0.50 1.00 —0.01 —0.04 —0.08
0.1 27.23 136.10 272.20 0.10 0.50 1.01 —0.01 —0.04 —0.08
0.3 27.23 136.10 272.30 0.10 0.51 1.02 —0.01 —0.03 —0.06
1 27.22 136.10 272.20 0.11 0.53 1.06 0.00 —0.01 —0.02
3 27.21 136.00 272.10 0.11 0.54 1.07 0.00 0.00 0.00
5 27.19 135.90 272.90 0.11 0.53 1.06 0.00 0.00 0.00
10 27.15 135.70 272.50 0.10 0.51 1.03 0.00 0.00 0.00
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Table 3 Statistics of Computed Gravity Anomalies and Height Anomalies Using the Geopotential
Model EGM2008 at Zero-Height Surface

Bt B ik / B HRe/ME e SN:E P {E bRt 2 B RiR %
2~2 160 —187.99 429.02 10.55 104.23 104.76
&) 5% /mGal 2~360 —197.98 294.72 10.76 98.77 99.35
361~2 160 —166.17 189.95 —0.21 33.12 33.12
2~2 160 —66.82 —23.17 —39.77 14.74 42.41
7o B S /m 2~360 —66.82 —23.45 —39.77 14.74 42.41
361~2 160 —1.80 1.95 —0.00 0.35 0.35
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Fig. 1 Gravity Anomalies and Height Anomalies the Geopotential Model EGM 2008 Degree 361-2 160
at Zero—Height Surface
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Table 4 Comparison of External Height Anomalies Calculated by Different Refined Models with the “True Value”/cm

- i THAE B /km
0 0.01 0.05 0.3 1 3 5 10

e KA 10.71 10.69 10.51 10.10 10.61 8.83 6.12 4.35 2.05
51 IR /ME —9.00 —8.98 —8.82 —8.48 —8.91 —7.40 —5.10 —3.60 —1.68
Y - {H —0.08 —0.08 —0.08 —0.08 —0.08 —0.07 —0.05 —0.03 —0.02
W R 3.01 3.00 2.95 2.84 2.98 2.48 1.71 1.22 0.57
A 6.32 6.25 5.66 4.47 5.99 1.43 1.97 2.27 1.59
%52 /M —7.14 —7.06 —6.38 —5.00 —6.75 —1.48 —1.53 —1.81 —1.28
T - {H 0.04 0.04 0.04 0.03 0.04 0.01 —0.02 —0.02 —0.01
P72 2.06 2.04 1.85 1.45 1.95 0.45 0.54 0.63 0.44
SN 0.29 0.29 0.29 0.30 0.29 0.30 0.30 0.29 0.23
%3 e /M —0.35 —0.35 —0.35 —0.36 —0.35 —0.37 —0.36 —0.34 —0.27
e S 4 —0.01 —0.01 —0.01 —0.01 —0.01 —0.01 —0.01 —0.01 —0.01
Yot 2 0.10 0.10 0.10 0.09 0.10 0.09 0.09 0.08 0.06
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Table 5 Comparison of the Results Derived from Different Refined Models Under Type 1 Data Error Influence

with the “True Value”/cm

- et i THAT R /km
0.01 0.05 0.1 0.3 1 3 5 10

ITONIEL 11.81 11.78 11.69 11.58 11.14 9.76 6.81 4.87 2.34
1 /M —10.07  —10.05 —9.97 —9.87 —9.50 —8.31 —5.78 —4.12 —1.97
I S 2 —0.05 —0.05  —0.05 —0.05 —0.05 —0.04 —0.02 —0.01 0.00
B Rk 3.11 3.10 3.08 3.05 2.93 2.57 1.79 1.28 0.62
EFN 5.86 5.80 5.58 5.30 4.27 1.75 2.70 2.81 1.88
52 IR /ME —7.22 —7.14 —6.84 —6.48 —5.22 —1.98 —2.31 —2.38 —1.58
T S5 AH 0.07 0.07 0.06 0.06 0.05 0.03 0.00 0.00 0.00
¥R 22 2.09 2.06 1.98 1.87 1.49 0.62 0.68 0.72 0.49
SN 1.51 1.51 1.50 1.49 1.44 1.30 0.99 0.77 0.44
%3 e/ ME —1.72 —1.72 —1.70 —1.69 —1.64 —1.47 —1.10 —0.85 —0.49
A T {H 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01
¥or iR 2 0.56 0.56 0.55 0.55 0.53 0.48 0.36 0.28 0.17
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Table 6 Comparison of the Results Derived from Different Refined Models Under Type 2 Data Error Influence

with the “True Value”/cm

TR Gii i 5T /km
0 0.01 0.05 0.1 0.3 1 3 5 10
e KA 11.20 11.18 11.09 10.97 10.54 9.16 6.25 4.36 2.00
%l IR /ME —9.06 —9.04 —8.97 —8.88 —8.53 —7.44 —5.12 —3.69 —1.81
o] A —0.17 —0.17 —0.17 —0.17 —0.17 —0.16 —0.13 —0.12 —0.08
¥or iR 3.05 3.04 3.02 2.99 2.88 2.52 1.75 1.25 0.60
SN} 6.46 6.39 6.14 5.83 4.68 2.17 1.95 2.20 1.53
52 e /IMA —7.34 —17.26 —6.95 —6.57 —5.17 —1.99 —1.88 —2.07 —1.45
T SEHI{E —0.08 —0.08 —0.09 —0.09 —0.09 —0.11 —0.11 —0.11 —0.08
05 i 22 2.15 2.13 2.04 1.94 1.55 0.65 0.64 0.69 0.48
R 1.74 1.74 1.73 1.71 1.66 1.50 1.13 0.88 0.52
%3 fe/MiE —1.87 —1.86 —1.85 —1.83 —1.77 —1.57 —1.13 —0.83 —0.52
BEA XA —0.12 —0.12 —0.12 —0.12 —0.12 —0.12 —0.11 —0.10 —0.07
7 iR 2 0.55 0.55 0.55 0.54 0.53 0.48 0.37 0.29 0.18
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