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Abstract Objectives: The widespread use of traditional geographic grids in gravity field data processing
has brought many inconveniences, such as unequal grid areas and poor isotropic characteristics. In order
to solve the above problems in the application of geographic grid in the earth gravity field, we propose
for the first time to apply a hierarchical hexagonal grid system to gravity data gridding in the mainland
of China. Methods: An open-source Discrete Global Grid System (DGGS) H3 is selected to generate
hexagonal grid groups at three resolutions in continental area of China. Then we use more than 810000
in-situ gravity data to construct numerical models of average gravity anomaly on hexagonal grid with
different resolutions and geographic grid with corresponding resolutions. Finally, we calculated and
compared the commission errors of the grid average free-air gravity anomaly under the geographic grid
and hexagonal grid. Results: The results show that: (1) Compared with 67.8 ' ,245 ' and 9.2 '
geographic grids, the hexagonal grids with L=3, 4 and 5 resolutions have approximately the same area.
(2) Hexagonal grids have more effective grids covering measured points than geographic grids. For
example, the improvements of the percentages of effective grids in total in hexagonal grids under three
resolution levels are 1.54%. 1.44% and 2.81% respectively compared to the geographic grids. (3)
Hexagonal grids have smaller commission error than geographic grids. For example, under the above
three resolution levels, the mean commission errors of the hexagonal grid gravity anomalies are reduced
by 0.398mGal. 0.259mGal and 0.188mGal respectively, compared to that of the geographic grid gravity
anomalies. Conclusions: The layered hexagonal grid system has advantages in the application of earth
gravity field data statistics and data production due to its quasi-homogeneous and quasi-isotropic
horizontal resolution over the entire sphere. Although the layered hexagonal grid system also has good
application prospects in spherical harmonic synthesis and analysis of the earth's gravity field, rapid
calculation of terrain effects, numerical integration calculation, etc., it is undeniable that its use and
promotion still faces many problems that need to be solved, such as the calculation problems caused by
the non-equal latitude distribution of the hexagonal grids, and how to use FFT technology to achieve
efficient calculation under this uneven distribution.

Keywords Commission error; Earth’s Gravitational Field; Free-air gravity anomaly; Hexagonal grid
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Fig. 1 Process of the DGGS construction
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Fig. 2 Hexagonal hierarchical geospatial indexing system
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Tab.1 Statistics of hexagonal grid parameters (R = 6378.136 km)

SR L SEIIER (kmr?) K (hm)  RHIAE Num=2+120X7"
0 4,250,546.8477000 1,107.712591000 122
1 607,220.9782429 418.676005500 842
2 86,745.8540347 158.244655800 5,882
3 12,392.2648621 59.810857940 41,162
4 1,770.3235517 22.606379400 288,122
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Fig.3 Schematic diagram of the hierarchical structure of hexagonal grid in in Parts of China
(L=1~4 correspond to blue, black, red and green respectively)
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Tab.2 Comparison of meshing of two shapes in China region
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Tab.3 Statistics on the number of grids containing measurement points

Wk 2 INIHTE K _ VU 320 1 Jb B PR 4%
B E R | IRSEL | A s RS B | R | RS | A RS S L)
1 =3 820 819(99.88%) | 67.8" 842 828(98.34%)
2 L=4 5748 5566(96.83%) | 24.5' | 5722 5458(95.39%)
3 L=5 40150 | 28414(70.77%) | 9.2' | 40603 | 27594(67.96%)
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(a) 67.8" geographic grid (left) and Hexagonal grid with L=3 (right)
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(b) 24.5"  geographic grid (left) and Hexagonal grid with L=4 (right)
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Fig.4 Distribution of the number of in-situ gravity data contained in the grid
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(2) 67.8" WEMKE (£) 5 L=3XAHRE (£)

(a) 67.8" geographic grid (left) and Hexagonal grid with L=3 (right)

(b)24.5" WEMKE (£) 5 L=4 XAH R (£)
(b) 24.5"  geographic grid (left) and Hexagonal grid with L=4 (right)
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Fig.5 Numerical model of grid-averaged gravity free-air anomalies
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Tab.4 Statistics of commission errors of grid-mean gravity anomalies
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L=3 811 31.129 67.8' 750 31.527
2 L=4 4709 21.195 24.5' 4749 21.454
3 L=5 21190 13.243 9.2/ 20502 13.431
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(a) 67.8" geographic grid (left) and Hexagonal grid with L=3 (right)



(b)24.5" HEMK (£) 5 L=4S2HBRE (F)
(b) 24.5’ geographic grid (left) and Hexagonal grid with L=4 (right)
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Fig.6 The magnitude and distribution of the commission error of grid-mean gravity anomalies
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