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Abstract

The block gravity means are necessary for the computations of geoid, deflection of
the vertical and other quantities gravimetrically. The block means can be estimated by
a linear combination of point observations, e.g., gravities and topographical data. The
coefficients of the linear combination are calculated by the least-squares method to minimize
the estimation error. The topographical data are feasible only when a relation between
gravity and topography is available. As gravity and topography.are often correlated linearly
(Fig. 1), it may be effective to utilize the topographical data in estimation of point gravities
and block gravity means.

In order to apply the least-squares method, various covariance functions are needed,
e.g., gravity-gravity, gravity-topography, topography-topography, and point-point, point-block,
block-block covariances. When a covariance function of point gravity anomaly and a relation
between gravity anomaly and topography are known, most of the covariance functions are
calculated from the covariance function of point gravity anomaly (as shown in egs. (12),
(14), (16), (17) and (38)), adding the error covariance functions (N in eq. (12) and U in eaq.
(15)). Therefore, the covariance function of point gravity anomaly is basically important.

The estimation error of block mean of free-air anomaly is the sum of those of
Bouguer anomaly and topographical height. As Bouguer anomaly is usually less scattered
than free-air anomaly, the estimation error of block mean of Bouguer anomaly is expected
to be smaller than that of free-air anomaly. Therefore, when accurate block means of topogra-
phical height are available, it is effetive to estimate the block mean of free-air anomaly
through Bouguer anomaly (eq. (24)). In this case, the estimation error of block mean of
free-air anomaly becomes the same as that of Bouguer anomaly (eq. (25)).

The representation error is defined as the error of estimation of the block mean
when a point value in the block is taken as the mean value of the block. Concerning the
representation error, the situation of error quantities existing among the representation
errors of free-air anomaly (%), of Bouguer anomaly (m%) and of topographical height

(m%) is the same as the case of the estimation error mentioned above (see eq. (32)). A
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covariance function of the local gravity anomaly in Japan (eq. (33)) ‘obtained from the
deflection of the vertical is used to estimate the representation error of free-air anomaly
(by eq. (29)). The estimated representation errors for various block sizes are compared
with the actual data obtained by Ono (1976) from gravity distribution in certain areas
(Table 1: the 3rd row (estimation) and the 4th row (actual), and Fig. 3). The coincidence
between the estimated and actual values are quite satisfactory for larger blocks of 10km
square, but for smaller blocks, the opposite is true. The covariance function (eq. (33))
should be modified for the part near the origin because it has not a zero first-derivative at
the origin. The zero first-derivative is a reasonable requirement from the physical chara-
cteristic of the anomaly field.

In the ocean areas, since the density of gravity measurements is small, the utilization
of depth data may also be effective to estimate better block gravity means there. The depth
data are converted to gravity anomalies through conversion function (such as Fig. 6 by
McKenzie and Bowin, 1976)., Although this kind of conversion function has not been tested
widely, we may expect that the depth data can be used effectively in estimating the block
gravity means in the ocean areas.

Key words: block gravity mean.
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Figure 1 Relation between observed gravity and height,
(a) for Volcano Mihara (after Yokoyama and Tajima, 1957)
(b) for Onikobe area, Miyagi Prefecture (after Rikitake et al., 1965)
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block gravity means (based on covariance function (33))
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Table 1 Comparison of representative errors
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Table 2 Block covariances

Llin=|0 1 2 3 4 5 6 7 8 9 10 12 14 16
05 X=10 2 4 6 8 10
' 0.406 0.I51 0023 0.03 0.004 0.001
. X= |0 1 2 3 4 5 6
0.619 0.363 0.140 0.052 0.019 0.007 0.003
\ X=|0 05 1 15 2 25 3 85 4 45 5
0.781 0592 0.368 0.225 0.137 0.081 0.051 0.031 0018 0.011 0.007
. X=10 02 05 075 1 12 15 175 2 22 25 3 35 4
0.882 0.766 0.603 0.472 0.368 0.287 0224 0174 0.136 0106 0.082 0.050 0.030 0.018
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HEHRT VY v VORBBKCHESNZELEY) 5L HBRVOENREICHT20THHC L,

o, B LEINIERZEHREOT vy 7 PEEAEHET B, residual anomaly O 7' v v 73
AEARD B ENSIBTHNIE NI S5, F /-, residual anomaly OESEE 01CT 2 dic, BEHEE

OFREBETICEbUEENAS.

5(7')=C0 exp(—L) r>B, B<LD 40)

=0, point covariance

T T T T T T
L=0-257 I\ 1(0.25)
L=0.5 1(0.5)
r L\‘/
)
| L5 ‘
1(2)
0.4}
2(2)
0.01 |
0'001 1 i 1 1 L 1

Figure 5 Block covariances for various conditions



80 YASUHIRO GANEKO

7. BELBIBZENRETO o I EHEOHEE

R B 2 BT R OB ECE R -6 134720, Gaposchkin et al. (1973) 2 1°X1° 7' m w 73
H{#i%{fi-> C block covariance 25T 4. ZOEIC LN, FEHEE & B TRABEROENE > T
BEICRALS. Tuy s PHMEEET 255 L TERRE TIORNFFEN T 0% BRI BT ORI
ATEEN, ko, BB 2R S EHEFOMAMDRZOEITERATELL., ADTLO,
HOICOKEd ERNT, BHEETOXKEEENEEOBERE

d=a' dg+ (") +n! 4

ELTRATERN ESFARON, COMRORYEEELRELD SRATHRY. 2 LT, BEHOBNE
LWESHEN T B C LD, BRSE TR T 2 OEHOKESEHRBICHEVHET 5THS .
R DKEELEN EDORRICET BP9 (McKenzie and Bowin, 1976) i« ki, T4 EFEOKE, 510
~20mGal OFETHFETE 3 CEPRBEHECBF 27— 2 b L AHShTH S, Tabb, ARLOESKS
W BEAME, Z O LICEME T LIokET — 405

m
Ags=l 2 fidsvi+-es (42)
==m

k> THESNE. e WAKEERMUAERTH 2. fi BERE RN > TS E0H 54, &F
Fig. 6 (McKenzie and Bowin ic k%) O k5 gk L BT 5. FRER (S &dl& L Ti3EaHh
BHERL, BERTR-EDELAE—2E2F-TH5. 20T &ML, HVERNE L TRUDMBFHTE ST
H55. 2R 1IRTOEFETHIH, 2RILELTCHRBLBREIRDONLITHAS.

(42) & FHOBK

m

ds=l SUf Agsiitns (43)
=m

SRUTBEEZERAGNBOT, f/ 2O O (e & d OMFHRTHEZNETE) LT W) %2

0.005 .
0.004 ¢
0.003 r
0.002 r
0.001 |

aofﬂ;ﬂ/

-0.001 1

Figure 6 Conversion function of bathymetry
to gravity (after McKenzie and
Bowin, 1976)
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RO DIE
Gy ={} 7" (lr—rs D) dgrrdons D)
As
THRHLTCEETE. As @ S BEFLET ¥R ROFGTH S (Fig. 7T2R). COLXEHIRRLRREL
DB

Bp=B () =M [4g(r)d @) = [/ (Ir=rs YClry, 1) do (45)
As

S, EHEEOE OB OO U b A, KED H BRI % /-

Dyps=D (rp, 1) =M (dGp)d o)) = §§ 77 Cr—ralor Qi =1y ydodor +Nps (46
, As Ap

LEG B, BHREOT 7y 2 PELKREOMEHBIERS
Bys=Mdgpds) ={{ £ (|r—rs]) M(dapdg) do={[ ' (r—rs) Cor)do 4n
As As
ThH5. (45), (6), UNXHE 2MOMLTHIEEEHE LTHV A EickD, BHRIcE T 2ENRTEO
T r oy PEEDSHEETE . KETRENOBMBEI NS W b b, KELEIEOBRENS C L1,
EHREOT 0y 7 PEEENET 25 L TREUHG L5 C LRHBHTH 5.
WEPEHIR T I 6 MO HEDEEE 25, UODPSHSETNETET By 7 Do TOKEOTHME

3}=“F§Oﬁdgﬁdda+ﬁ;
As

Fi () = L7 Gr—riDdos
s

LEFLOT,
Bps=M(dgpds) =SSF'S (MCp(1)do
As

5m={j“FKnFMW)c@mwdamﬂ+Kas
As Ap

Z@NORYIACNERNC &t 5.

8. &bbic

1975 ST B B Sl Geos-C KM S hcEEE (altimeter) €& - C, FRCHEHE O ZHMANC 1m
PIAOBETRIES 225D, Y44 FEEHEO topography & OSMESEEOMBE L - T 5. HIKEAH
ARG EBHEO YA 4 FOHMICE, BREOENRET 0y s PHESAEL S0 5. BAOMHMS LU
ZORLOBH BT 2BHF 2 OEHBOEATEY, HARZOY A4 FAHET 200K, BARIEH
OB IEHRET vy 7 EEENRETNG. EHY A4 FOFEAEG, EEICGEPOEREMNCLT, &E
W shizbE->TREL, EHCE-Th7 ) — = 7TRERD SZHW -7 vy 7 FHEEH - T, R
HAFBOYA 4 FRBERSN TN S, 7 ) - TRERDP SFEHI- 27 a0y 7 FHGHEE, £ OBZ0OFN
BHFhLL, ThhoFRENE VA1 FORBEORMLBRTHN. - T, EROBEHREMOKGET —
AEHEICLT, CETRNLIBHERETT 0y 7 EEEEE 2584 OPEEUROGICER EE L o1
B i, BHF—20BMCIBLTT vy 2 FIEETELEBTC L OBETH 5.



82 » YASUHIRO GANEKOQO

Bl 2 EEEIRIMF TR 2RI L0 2 2%, BEHEEPHIE ORI T oREEREN L &iIcid, ¢
OFEGEY EEZABOY, HAROHHERICE Y 2% (Ganeko, 1976) B L OE 5 Mic KON 2@y, D
METREE SRS BN, T THRNIHERTFAERETE 28005,

B/N2RHEELT 7 ) -2 TREOT vy o Tl (FRRAEFRHEOME) 2HET2KRICHE, K0T
v 7 PHEPEERS B GNEBVRY, T4 REENTZ2 ) FaDEL, L5, BHREENEVE
FCHIEATER T 5 T EAEZL D C ENHBENTH A D, FHCEFHIN TIIKEF — 2 OREMNET L 3, ©
Dfedicid, FIKEELENRFEOBRBREBRFAER S, WFhik LT, BHEL S OHIE - KEF —
&7 7 A NORARTRPETNS.
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