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Analysis of Global Gravitational Models based on measured gravity data

Kwang-Sun Choi* - Young-Cheol Lee**
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ABSTRACT

In this study, Global Gravitational Model EGM2008, EGM96 and 16,786 gravity points measured on land were compared and analyzed.
On the assumption that land gravity data is most accurate, the correlation coefficient, differences, MSE and difference variance along the
height were computed between land gravity data and EGM2008, EG96. The correlation coefficient, land gravity data and EGM2008, was
computed most largely with 0.824 and the correlation coefficient with EGM96 was computed with 0.538. The standard deviation of
differences between land gravity and EGM2008, EGM96 were 13.196 magl, 18.685 mgal respectively. Also the difference variance scope of
EGM2008 was smaller than EGM96. There was no large variance of free-air anomaly differences between land gravity data and EGM2008
along the height however free-air anomaly differences with EGM96 varied along the height changes. Consequently EGM2008 nicely
expresses Korea gravity field more than EGM96.
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FTNE PR FAE3] =T A A15E A9

I.M E

A AT F8 3 X d(Global Geopotential Model)-=
AF sty md2 A A A9 §AESAAE, A
FERAE, dFHE8 FEAE T& FERIEH
(spherical harmonic analysis)& 3 ¥, X3 A7 &
3} ) 9~ (harmonic coeffi- cien) S & ©| F2t}. 0] & 4
& ol &5t AT o AHol| g nEol
(free-air anomaly), 7 ¢] ¢ (bouguer anomaly), &4
¥ XH(deflection of vertical), #] S ©] = 31 (geoid height) 5

AxE 5 g d AT FEF 292 19963 SEI
ndg Aoz dY7HA ok 10099704 H AT T4
& 2do] 7jg = o glrie].

I F sy A B AT o) R g R
Q) Al e 1996d B EH EGM96(Earth Gravitational
Model 96) 7} 2008'd o] %3 ¥l EGM2008°] 2t & & 3l
o EGM96 % EGM2008°] L £ d o] F 8 & 7] &4
AT E & EGM96F} EGM2008 & | &3 X oeoj= &
2 7k 52 EGM96, EGM20089l 2 3] A AHE &= 7]
Sol= RdFH Sy FEHAX  GPS/
Leveling 273§ 5319 doj7 R Qo] Zo| e o]
a-EAo e ZAEH A7 FE | EUH23),
[41,[10],[15].
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Fig. 1. Distribution of gravity measurement points in
Korea(red : Pusan National University, blue : Korea
Institute of Geoscience and Mineral Resources)
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Fig. 2. Height rate of gravity measurement points(A)

and digital terrain model(B)(height interval : 50 m,
solid line-A, dotted line-B)
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Table 1. Height distribution rate of gravity
measurement points and digital terrain model.

-50 - 0| 0071 0071 0.000 0.000 | 0.071
0- 50| 32366 | 32438 33.112 | 33.112 | -0.674
50 - 100 | 18.694 | 51.132| 12.797 | 45908 | 5.224
100 - 150 | 11.396 | 62.528 | 9.163 | 55071 | 7.457
150 - 200 | 8305 | 70.833| 7.589 | 62.660 | 8.173
200 - 250 | 7.137 | 77970 | 6.102 | 68.762 | 9.208
250 - 300 | 4974 | 82944 | 5228 | 73990 | 8954
300 - 350 | 3813 | 86757 4.196 | 78.186 | 8.571
350 - 400 | 2723 | 89479 3.628 | 81.814 | 7.665
400 - 450 | 2.043 | 91.523| 2.867 | 84.681 | 6.842
450 - 500 | 1.680 | 93203} 2572 | 87253} 5.950
500 - 550 | 1.257 | 94460 2132 | 89385 5.075
550 - 600 | L1132 95592 1.891 | 91276 | 4316
600 - 650 | 1.102 | 96.694| 1594 | 92.870 | 3.824
650 - 700 | 0.774 | 97468 | 1368 | 94239 | 3229
700 - 750 0 0739 | 98207 1169 | 95408 ) 2799
750 - 800 | 0.471 | 98.677| 1037 | 96445 | 2232
800 - 850 | 0381 | 99.059| 0872 | 97.317 | 1742
850 - 900 | 0.137 | 99.196| 0.680 | 97.996 | 1.200
900 - 950 | 0.131 | 99.327| 0534 | 98530 | 0.797
950 - 1000 | 0.101 | 99.428 | 0413 | 98943 | 0.485
1000 - 1050 | 0.095 | 99.523| 0.309 | 99252 | 0271
1050 - 1100 | 0.048 | 99571 0.238 | 99.490 | 0.081
1100 - 1150 | 0.042 | 99.613; 0.152 | 99.642 | -0.029
1150 - 1200 | 0.012 | 99.625| 0.117 | 99.759 | -0.134
1200 - 1250 | 0.036 | 99.660 | 0.083 | 99.842 | -0.182
1250 - 1300 | 0.042 | 99.702 | 0.056 | 99.898 | -0.196
1300 - 1350 | 0.012 | 99.714| 0.039 | 99.937 | -0.223
1350 - 1400 | 0018 | 99.732| 0.019 | 99.955 | -0.223
1400 - 1450 | 0.024 | 99.756 | 0.016 | 99.971 | -0.215
1450 - 1500 | 0.024 | 99.780 | 0.008 | 99.980 | -0.200
1500 - 1550 | 0.036 | 99.815| 0.008 | 99.987 | -0.172
1550 - 1600 | 0.018 | 99.833| 0.005 | 99.992 | -0.159
1600 - 1650 | 0.012 | 99.845| 0.004 | 99.996 | -0.151
1650 - 1700 | 0.054 | 99.899 | 0.002 | 99.998 | -0.099
1700 - 1750 | 0.018 | 99.917| 0.001 | 99.999 | -0.082
1750 - 1800 | 0.006 | 99923} 0.000 | 99.999 | -0.076
1800 - 1850 | 0.030 | 99.952| 0.001 | 100.000 | -0.048
1850 - 1900 | 0.024 | 99.976 - - -
1900 - 1950 | 0.018 | 99.994 - - -
1950 - 2000 | 0.006 | 100.000 - - -
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EGM962 izt 58 R st A3 A&
E-2 0 2 1|3 ¢ NIMA(National Imagery and Mapping
Agency), NASA(National Aecronautics and Space
Administration), OSU(Ohio State University) 53 2] o
2] 7] fo| FE sk N3t 360 A2 T3} A= o)
-r°1 A A ;{]-‘[L ZHZ gd o}l:} EGM962 81:)\1-5] A
EW9 +HAE ERS-13 GEOSAT Geodetic Mission
(GM), FHAF HAA FHXE(Satellite Laser
Ranging(SLR), Global Positing System(GPS), NASA’s
Tracking and Data Relay Satellite System(TDRSS),
French DOFIS system, US Nay TRANET Doppler
tracking system)ol| A A|4tE 44 3% FEH oA T
TOPEX/POSEIDON, ERS-1, GEOSATS| si®H 1% A
THo Y & Wt A Y. B Adn
19 H o]l Aoz Prtex glon, FFEA
+© WGS84 & ©] &3} 3L glHi(11].

U= T7FA ¥ BE(NGA)-S 2008% EGM962] X
A 59 2 EGM2008-S % ¥ 3} 31 th. EGM2008-2 2,160}
o] 23xF FHEI AFZ o]FA glod,
degree(n) 2,190} order(m) 2,1609] %7} AMNATE T
&3t 1t} EGM2008-2 2 th314=2,1609] 7|2 29l
PGM2007B(Preliminary Gravitational Model) S A}-&5}]
5 x59 % Eerﬁ ol A& Atstg o, sH s
A 94 FHAEE PGM2007TBS o|¢t #uH
DOT(Dynamlc Ocean Topography)E 7|SEEZ 35}y
DNSC(Danish National Space Center)} SIO(Scripps
Institution of Oceanography Geological Sample)/NOAASI
A EAH 02 A4tslth. EGM2008S ArcGP(Arctic
Gravity Project) A&, Contrib 5% 22 273,6487], NGA
LSC A& 1,3039277], Filllin AE 94647971,
GRACE-only Zt% 973,7877l, Altimetery X521 SIO/
NOAA A& 3,108,80370, TOPEX/POSEIDOM, ERS$}
DNSC07¢] &% 1,578,783 7}, Combined Altimetery <} &
164206702 & 9,311,200 SRR E o] L3}
EGM20082] AR L& /) A5t Th12]
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F 2¢ 7 AEY AR AFE BT o
Land-FA ¢} EGM2008 -FA 7] 442457} 0.824 2 714
A A vebsk 3, Land-FASF EGM96-FA 712 4 Al
0.538 % 7} w931, EGM2008-FA S EGM96 -FA 719]
ABATE 06842 AAE AT

G, S

E 2 4 XNEE o] M A
Table 2. Correlation coefficients between data groups.

EGM2008-FA | EGM96-FA

Land-FA

EGM2008-FA

EGMO96-FA




E 3. Land-FA2} EGM2008-FA, EGMI6-FA
Atolof| CHst SAH =
Table 3. Statistical table of Land-FA and
EGM2008-FA, EGMI6-FA.

EGM2008-FA EGM96-FA
Mean -9.468 -8.612
SD 13.196 18.685
Maximum 54.555 146.303
Minimum -89.099 -89.178
MSE 263.776 423.284

Land-FA 9} EGM2008-FA 79} 2}o|(DL08), Land-FA
2} EGM96-FA <] Z}o|(DLY6)o T3l EA BEEE
Z+z} 3 3% 19 39 WrEbil itk DLO8 T DL96<] 3
& 747} 9.486 mgal, -8.612 mgal | 12, o]+ Z+z}e] A =
TG 2do] /A& Hdt A H o (bias)E HE T
4 31t EGM96°] EGM2008°l| ] 3ko] & 7 2 (bias)
& /4R 3 9l RO 2 e o 1 o] = 0.874 mgal
2 ZA ettt DL08 DL969] standard deviation
(SD)+= 13.196 mgal, 18.685 mgal & DL967} DLOS B 8} &
Ao 2 veltc DLO8Y DLI6S) W3l ¥ 9= -89.099
mgal | A 54.555 mgal, -89.178 mgal ] 4] 146.303 mgal
DL08S} W97t ZA Ae A A5 Fi ARE
YehlE B3 A 2 2 (mean square error, MSE) =3k
DL089] gko] ZHAl ettt o] 2] gk 2 3= EGM2008
o] EGM96°] H]sto] ¢-2vbete] 248 & 13sa

AThE A& AAF B R 9L

1% 49) DLO8H DL96E £ o] 24 H X1 u}
2 ZAE Y 29 4-AE B9 DL08S EAI8HS
I HxAFHA o AP el 13 4B
= E219 DLI6S EASH T HAaAFHA o A
S e 27 4-A M9 AP Hao
o 3t A g ol AR ¢F-2 HkH, 4-Bol A= e
o {aE 3A e 43S Bt 4Bl &
31250 m o} 3l AHEY he A5t 250 m 0]
Ol AREo g Euo} nE o] A xpo] 9] & & A T
ojgt A& 4 ﬁ%ﬂl*ﬁ 71¢71 = DLY6 A8 BT} §F
w2t} ol 250 m K.t B2 X E o) A 9] EGM96
Lol 4t gho]l B3 l et A7 AL F Ueg B
o #t},
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-
g
g
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i
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P4
Mean -8468 mgal |
404 Std. Dev.: 13.196mgal |
Max. . 54.555mgal |

Min.  : -89.009 mgal /
| 263.776

Mean o 8612 mgat
Std. Dev. . 18.685 mgal
208 Max. 146.303 mgal

Min, -89.178 mgal
MSE 1 423284

60 Bx 00w g

Ditferance between Land-FA and EGM35-FA
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Fig. 3. Distribution chart of DLO8 and DL96.
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Fig. 4. Difference between Land-FA and
EGM2008-FA(A), EGMI6-FA(B).

1837



A FYEF A3 = EA] A5 #9935

V.28

SAAM AT FEAARY 1R $45H
o] ZA-ANA AR A AT FHF ED EGM9S,
EGM2008¢] 31X 0]/ %} v] 2§ 2 7} EGM2008 A A+
8% Zdo] fuate $8%E T 2P Y
Ao eyt

S5 2o AR A AT FHF 2R 4zt 11
Zoldate] AaAFE AT 23 458 1k
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woh 223 A AT FEF Bd 7Y AR E
06842 57459 150|437 EGM96 15 0] 4 7he] A
BAFRY 2 A Jebygd

4T} A AT F8F 2d 2] %ol 4 o)

| o3 A 3= 45 3 7 EGM2008 AFo] 2] 2}o] o) o
3 % 712 -9.468 mgal, SD+= 13.196 mgal, ¥ 3} 9] =
4 -89.099 mgal® A} 54.555 mgal, MSE+ 263.776 0.2 7|
A= AT £44F 2 2L EGMI6 Aol 9] Atolof gt i
& -8.612 mgal, SDE= 18.685 mgal, H3t W= HA
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