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Comments on Gravity Reduction and Gravity Anomaly
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Abstract: Gravity reduction and Bouguer anomaly are frequently misunderstood by many geoscientists as follows; the
observed gravity is reduced to a common datum plane, so that gravity effects by all materials above the datum is
removed, therefore, Bouguer anomaly is located on the datum plane. In reality, Bouguer anomaly does not lie on a
common datum plane, but is difference between observed gravity and reference gravity at the actual point of measurement.
Commonly used gravity reduction formulas are approximate formulas. Here, we introduce complete formulas, and suggest
to use them for more accurate results. We also suggest to use not the geoid but the reference ellipsoid as the vertical

datum.
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3te] A2 = A cH(Hinze e al., 2005).
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HEAPIAM SES 58l AN ot} FX]3
AE £8 o) (gravity anomaly)® 58 2 (gravity distur-
bance)o|BH=s 7S Tt AMESiTh FE o[ «A Q0]
zojre] 3 A eldall (reference ellipsoid)ell A e] EE
Z=(nomal gravity)?] xlo]"2 AelxH,
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F2) wae w27 plde] $83 2Polie] Be S

o7& A ol Eth(Fig. 1).
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Fig. 1. Gravity anomaly and gravity disturbance. g is the gravity at
the geoid, y is the normal gravity at the surface of the ellipsoid. gp
is gravity and p, is the normal gravity both at point P (in this case,
Earth's topographic surface). H is orthometric height along the
curved plumbline, h is ellipsoidal height along the ellipsoidal surface
normal and N is geoid-ellipsoid separation (after Hackney and
Featherstone, 2003).
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A7 B+9AE normal Earthghil% B =], Airy 1830,
Helmert 1906, International 1924, Geodetic Reference system
1967 (GRS 67), Geodetic Reference system 1980 (GRS 80),

World Geodetic System 1984 (WGS 84) 5& £ F SUth
GRS 80 EtlAl= w4 H&shAl A7 BRIAIE BARSER 9

o] GRS 80°f 9J3t 0|2 F&& 1 Fof s edAS
oJgk 0|2 T Aol FAY WetEE, A 7 B
2o o853 Ut Table 1 GRS 80 BHIA| FE0lth.

2]t A= Somigliana®] 2]2] 8% Chebyshev <A
(2] (4)) Z-& 27} Chebyshev SAF{(H (5)y& &3] °183] %
£, 22} Chebyshev T2AM)-& International Gravity Formula
(IGF)E} % gt

y=y.(1+ asin2¢+ alsin4¢+ azsin6¢+ a3sin8¢)

“)

y=7.(Bsin’ ¢+ Bysin’29) (5)

GRS 677 GRS 80%] Chebyshev A A5 Table 29
Table 37 20w, = AEEs} 83k 2ARIL 0.1 uGal, 27
ZARL 0.1 pGal =0T (Featherstone and Dentith, 1997).
|5 ZARES B} 271, AlAl ARV FEE o &
B2 B AL 2t

A AEE] A FeeldlEt, oFHE

Table 1. GRS 80 parameters.

parameter Definition GRS 80 value
a ellipsoid semi-major axis 6,378,137 m
b ellipsoid semi-minor axis 6,356,752.3141 m
Ve equatorial normal gravity 978032.67715 mGal
% polar normal gravity 983218.63685 mGal
k (byfay.)-1 0.001931851353
é (-0 0.00669438002290
f flattening, (a—b)a 0.00335281068118
m (’*h)IGM 0.00344978600308
) angular velocity 7,292,115X 107" rad/sec
GM geocentric gravitational constant 3,986,005 10® m*/sec’

Table 2. Constants for eighth-order Chebyshev approximate formula.

GRS 67 GRS 80
¥ (m Gal) 9780318.456 9780326.772
o 0.0052789660 0.0052790414
a 0.0000232725 0.0000232718
145} 0.0000001262 0.0000001262
o 0.0000000007 0.0000000007

Table 3. Constants for second-order Chebyshev approximate formula.

GRS 67 GRS 80

¥ (m Gal) 9780318 9780327
B 0.0053024 0.00523024
A ~0.0000059 ~0.0000058
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through point P~ ™ " Reference ellipsoid

Fig. 2. Geometry for calculating gravity above and below the
surface of the ellipsoid (after Li and Gétze, 2001).
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Fig. 3. Cross-section of spherical cap (after LaFehr, 1991b).
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