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ABSTRACT 

Changes in the absolu t l' L,r uvily ot lhc [lurc au 

lntPrnationaledes Poid s et Mt's un· :: (l\l l' H) 11 1 : : l'Vrl'~: (11<'or Pori s ), Fron c e ov<'r 

a period of four year s (August 196/ Jul y 1911) u i·.- a11 a 1yzc d in _Lerm s of 

correlation with change s o f otlh· r· t•11 vir on111e nt u l va ri ob l es su ch a s l ocal 

atrnospheric pressure, wa te r tabl e lc vc l, var i al ion of l al itu ùe and Enrth 

rotation rate. The prescnt st uù y p r o ve '.; .J s ir.ni[icanl c orrclation wi th 

atmospheric pt"essure (-0 . 7 .!. 0. 5 µGa l/mb) a11 ù wi th UTü l e ngth of day 

vat"iation (-10 . .!. 5. µGal/ms ,whc r c lh e c rro r bounds a r e 2a units). In 

both cases the correlation :; ii;ni f i ca ncc i :: 1•s l imul c d by o variance · rati o F 

test whet"e the actually publi shed slu ndu rd ••r ro r :; and dedu ce d c ovariance s have 

bee n taken into account . Th l' sunH· LL''.:t i :; u:;ed Lo pro vl' l1 11• no n corrclati o n 

with latitude variation (duc to po l a r moti o n ) t1 11d wu l c r ta bl e l c vel ch a ng e s 

(Riv e r Seine water level). The r ~· :.: ult s ar L' disc ussed a nd e l as li c homog e nco u s 

incompressible earth hypothe se s an• e nvi :; agL•d. 
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fntroduction 

A total of seventeen absolutl' 1.ktcr111inution:: of f.l·uvily made by A. Sakuma 

(197la,b) in the years 1967 - 1971 with hi s permnnC'nl instrument at IJIPH are 

used here in conjunction with lhc co rrespondint; valu es of four environmental 

variables i.e. the variation of lnliludc, lhc Hiver Seine waU·r level, lhe 

local atmosphet'ic pressure and l he UTO 1 l'rtt.lh of day. The environmental 

variables are average values ovcr l imc tu ken for each gravity 

determination which often amounts lo scvC' r ul we,'k.s (cf tnbl c l first column). 

These variables have been chose11 bt'cuuse of lht'ir cxpedmentally known or 

theoretically suspected influence on gruvity. Il was not possible to include 

all the variables one could lhink of, first bec au se lite datn ure difficult to 

obtain and secondly becausc our ::amp l e of gr·avity value~; i s s mall, thus 

limiting the number of possible factors one con ennl yz c al the samc lime. 

The principle of the method consisls uf workint. with lhe differcnces of 

the measurements and of the corn' è;pondi11g variables, fitting them by l east 

squares in a 1 i near model . The advunlngc of sud1 u proccdurC' is to minimize 

the effect of a sudden permanent change in cravi ty (for example du e Lo ground 

subsidence). The gravity depcndencc on u vur·ioblc cun be tc sted by, comparing 

the variances obtained from tw,1 leo~~t squu1·1·:~ fil~:; one~ including the 

variable, the other one excludinr, il. The :i.clua l cornp<lrison i s mad e via a 

variance-ratio F test, as explaincd latcr. 

Before entering into the rnuthcmaticnl dC'laiL of the mcthod , 1 first. wou ld 

like to explain how the various data arc prrparcd . 
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i) An Averaged instantaneous 1 al i t _l! d_~ <P 1 ~; co111pu t e d the pole 

coordinates published by the Bur1 ·.1 u lntern •llion.i\edc l'lfeurl' (Ulll) according 

to the following formula (Hucllcr, 1969; p. 8 1): 

= <Pero + X COS /\ 
p 

-- y 
p 

S ! Il /\ . ( 1 ) 

where <Pero is a fixed latilud l' for 1 l 1 t. :: l. u l i ü l\ • rcfcrrcd to the 

Conventional International Origin (C IO), (Mu,·11•'1', 1%9; p. 351). /\ 1s the 

longitude of the station, positivl' Ea ~~ tw a rd:: ( (\ 2 °11'). X 
µ 

and are 

the averaged raw values of the pile cooL·dinatc~ uv"r each pcriod of gravity 

mcasurements (BIH, 1967 - 1971; tuble 6). 

-
ii) An averaged River Seine wah · r lcvcl S 1 •. .. compu LL·d for cach cravity 

measurement period from daily m<'.1sun'rnc11t~: 111 Lwo loc11lio11 s , one up::;tream 

(Pont de Garigliano) and one down::;tn·arn (Po nt de Suresnes). The averaged 

water level at Pont de Sèvres, tliL' closcst Io Hll'M, is lincarly interpoluted 

from these two gauge stations. 

i i i) An averaged local atrnospJ1~~-is_prcs~~~~-}. is comput.cd frorn threc hour 

interval pressure measurcrncnts made al two mctcorological stations, 

Villacoublay 7 km South of BIPH and Mont ~:ouris 9 km Ea~l of BIPM. The 

pressure at these two stations, approximalcly 11 km upart, a1·p wcll correlated 

and show an average systematic d i ffer·cnce ol l ? . 7 mb (1 mb = 100 Pa) mainly 

due to the height differencc (app roximnt1.'ly 100 m) bl'lw1•r n the two stations. 

I also computed a set of daily avcrur.c:; u ~~ i1q~ llnl y the 6 , Q, 12, 15 and 18 

hours measurements every day. They prove Lo bP · ~;y s tcmaticnlly smallcr by 

0.1 mb on the average and introduc C' no si~nificant chunr,es in my rcsulls. 
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-
iv) Finally, the averaged UTO l erq:.l_\i__ of __ day 1 fu r cac h . ~ r av ily mea :.; urement 

period is computed by the followinr, formula : 

-
1 = 86400.002592 + [<UTO - UTC) i (ll TU UT l:)[Jl n, ( 2) 

where 86400.002592 is the mcas ur ,• in .1to111ic 1 m1• ~;('COlldS of 24 hour :.; UTC 

(Universal Timc Coordinatcd), n ll ll' 11 ur11lict· ,l{ d.1y:.; b(•lw('L' ll the initial valu e 

(i) and the final value (f) ,, f (lJTO-llTl') , c on• ' :;pondin~ t.o a Eravily 

mcasurement period. (UTO-UTC) at th e iniliul und final date is cvaluated by 

(Mueller, 1969; p. 164): 

(UTO - UTC). 
1 

where has to be replaced by f for th e f i nul da le. 

(3) 

x , y , ( UTl-UTC) are 
p p 

lhe raw value s in the annual r epo c·t~; uf lh•· Hll l ( 1967 19/l), laLle 6 and al!.>o 

lable 4 for 1967. <P i s t h c B I f' M l n l i l u d 1 • { ~' 48° )0 ' Norlh) and/\ as 

in (1) above. 

The data utilized in the prescnl wo r k a t·•' ;, ummarizeu in Table 1. 

Basic Theory and Result s 

i) Hethod 1: 

Be fore applying the least squares fit p c· l>ceduc·L·, t he data in Tabl e 1 arc 

modified so that only the measuc emcn t d iff1-r1 ·11«t>:.; nre lïllcd lu a linca t· 

mathematical model of the foll owin& type: 

ô" =" __ 11 -A - _ - f\ - - /\ - -
g, g. l g,-a(<P. l <P.) + b(S. - S.) -+ c(I'. - 1'. ) 

l+ 1 l+ 1 l+l 1 ltl 1 

" -
l d ( l . l . ). 

id l 
( /1 ) 
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with index i (i=l, 16) rcfl'rcnrinl, v . tlu•·~ 111 lh" ith lin e of table l; 

symbols c;i, S, P and las prcviou:; ly dcfi11l'd in ll11• Intruduct . ion, and â, b, 2, 

Table 1: Absolute gravity vA1 11P for lh ~· y1 · .1r:; 1967 1911 al ClIPM and the 

corresponding latiludc, Hiver Seine water 

atmospheric pressure und UTO lcrq'., lh uf day ( l . o.d) . 

..----------~---------

Date 

Aug. Sept. 1967 
Apr. 1968 
Aug. Sept. 1968 
June July 1969 
Aug. Sept. 1969 

Oct. Nov. 
Dec. 
Jan. 
Feb. 
Aug. 

1969 
1969 
1970 
1970 
1970 

Oct. 1970 
Dec. (end) 1970 
Jan. 1971 
Feb. 1971 
Hay 1971 

June 
July 

1971 
1971 

Grnv i ty 

~ 2cJ) 

( 1) 

62 .!. 13 
SS .!. 2S 
Sl .!. 19 
50. 5 .!. 8. 2 
49.0 t 5.4 

54.1 :t. 10.6 
58.7 .!. 5.8 
60.3 .!. 9.0 
50.0 ±. 9.1 
57.4 ±. 2.0 

45.3 .±. 2.2 
86.3 .±. 9.4 
79.6 .±. 6.0 
74.7 .±. 9.7 
71.0 .±. 8.7 

80.l ±. 6 .2 
76.7 .±. 5 . 5 

,--- ~Q~-!:U<\: 1 ~nl:--
1 (~-$cl 0) Il l l' V cl 

(2) (3) 

3 

9 

• 53 
.. 112 
1 109 

8 
11 7 
165 

·- 172 
• 194 

1 154 
46 

111 
195 

·- 18 7 

79 
t 57 

.3)1 

. 272 

.362 

.290 

.367 

.379 

. 4 31, 

.444 
l. 626 

.374 

.384 

.369 

.395 

.366 

.405 

. ,, 31 

.402 

Pre~::;ure 

( 4) 

1000.S 
999.7 
999.1 

1003.4 
1001.8 

1001.0 
999.5 
993.0 
996 .1 

1000.4 

1005.6 
1001. 8 
994.8 

1005.6 
996 .1 

998.7 
1003.8 

lcvel, 

1. 0 .d. 

( 5) 

1. 97 
2. 79 
2.45 
2.40 
2.54 

2.91 
2.7S 
2.72 
2. 77 
2.22 

3.06 
2.57 
2.64 
2.31 
2.92 

2.59 
2.54 

Legend: (1) 980 925 600 + tahu1alt'd vulu L' - !'.,t"avily in µGal at Sèvre::; A2. 
(2) in o".001. 
(3) 26 + tabulated value = River S1~ inL· wali•r h ·vc l in m (above mean 

sea level). 
(4) in millibars . 
(5) 86 400 000 + tubululL' Ù value IJTO l.o . d. 111 111 ~; . 



Fi5ure 1: Observed (e) vs lca ~ l squurc s compcnsatcd (Ü) absolutc gravity 

differences. 

~g, ~g in µGal 

Legend: • represents ôg., i = l, ... , 1 5 
1 

0 represents ôi. as compulcd by for mu lu (4). 
1 

Observation 
numbcr 



Figure 2: Eleven first obscrv0J ( • ) vs lL'a:;t sq uar·c:.; compc nr;otcd (0) 

absolutc 5t"avity vulucs. 

Ç ,gin µGal 

980 925 700 

980 925 650 ~-GD-~~~~· 
-~::.r;L-~-., - - -,-- '-•Observation 

t 10 
number 

980925 600 

Legend: ~ ~ 

Plot of~· as computcJ frum formula I ll) vs& . from Table 1 
. 1 1 

above. 
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to be determ i rll' d hy liH' 1!'a::;t 

" 

square::; condition "T " V 'rlV 

minimum. w is a (16,16) WCÏE;ht 111 . l l r· i X ,rnd V t lw (16,1) co 1umn vcctor of the 

/1 f\ N 

l\Ê. ,f:. 1 
(V "' residuals V.=llg.-llg., wi th l~ i where r,. is taken 

1 l 1 1 H 1 

from Table 1. The weight matrix W 1 ~ comµulcd a~ the in vcr::;c of l where l 

i s the a priori variance -cova l"i am:e mat ri x of the obsl't·vable::; tif'.:. 
l 

(for the 

~eodesy minded reader , the u prior·i vn1"1011l·•· fo<'loc 1::; c lw ~;r-n C'quol to 

unity). The diagonal elemcnts of ~ U r"l! llil' vu1·1an .:l' ~;: 
'2. '2.. 

(J ,.., (J,_, 

llg. = g. 1 + 
1 l + 

'2. 
(J,..... 

g.' 
1 

( 5 ) 

where cr,.., is the published ercor (S llku mu, 1971.1,b) dividcd by lvlO; i.e. I 
gi 

consider the overall publishcd oc,·u cacy to b1' 11f ordPc 2v which corre::;ponds 

to a confidence interval of 95'1 • . 

s1 nce 
,.., 

tlg. 
1 

and 

l.-ur-lh 0rmore l11 0 /\r.,. arC' not . indcpcndent 
l 

r, i 1 t · the 
IV 

b• 
l 

indepe ndent, one finds aftce a n ca~; y dcrivulilln the folluwinr., cova dancc ::;: 

( 6) 

a ll the other elements of the varianc e cuvac1ancc matl"ix of th e observables 

being zero. 

Denoting by A the (16,4) de::;i011 malci x co nt a ininE; lll l' four en viro nmcntal 

/\ 
variable values as in (4), one obtoips the (4,l) paronwter vector X, where 

~T = (â, b, ê, d), by the followin r, f,>nnula (Mikh oil , 1976; p. 114): 

/\ 
X ( 7) 
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The validit~ of mathemuti cn l modcl (t1 ) can bC' le:::l ed by n con fidence 

·T~ - 1· 
interval on the expression V t.. V r (surn of '.:q uan·s of lhc weighl c d 

residuals when I is diagonal), usin ~ Lhc f act lhal it hn s n x2 Cu) 

distribution, thus yielding the foll owin & probehil ily s t a trme nl: 

X ~ -on ) °' 

2 
X 

where x2 
is defined by: 

p 
p=J

0
p f(x )dx,f( x) be inr, Lhc probabilily 

( 8) 

density function of the x2 
dislribu li,rn , a nd o lll'inr, a s ir, ni fi ca nc e 

threshold (say, O= 51.); U=n - u is tl1l' n11111bc r of dt'[,r•·e:; of fr€'edom, n the 

number of observations and u th<' 1rn rnb,,r .if 1•n 1· 11mc t •·rs. 

The first conclusion 1n lhe «n ~;L' >•hcr•· :.i ll lhe dutu ure u::;ed (n =l6) i s 

that mathernatical model (4) i s inadL'q uut e. The con fid ence interval is 

4. 40 ~ 23. 34 wherca ~ c- 117 .9 , l11u s ou t.sid c the allowed intervul. 

The l east squai·es fil cun be impt· ovl' Ù liy r• 'llhJ Vine d a ta number 11 which 

corresponds to a difference of 41 µGal betwccn dcl c rmin a tion 11 and 12 in 

Table 1. The interpretati on 1 s lh nt such a high diffcrence cannot be 

e xplained only in terms of th e four environnH'nta1 variable ::; I considcr here. 

Now cornputing the adjustmc nl aflcr r c jccli on of ll1i::; obse rvation mcnlioncd 

above ( n=15, u=4) shows that ~1u,1 th e~t_? ti c_!!_l __ mode-'1'----_(~4-') i s adequate; the 

confidence interval is:' 3.8 ~ r ~ 21.9 wh c rca s r = 14 .5 7 , thus inside 

the allowed interval. 
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"' The ne~t step is t o test Lhe significance of each of the parameters i, b, 

A ê and d of mathematical model (4) as s ummariz ed in Table 2 . First testing the 
,.. 

significance of b, using the varianc e ratio !" test desc ribed below, I remove 

the water level variable S. 
1

- s. in (4) and compute t he least squares fit 
l+ 1 

for n=lS and u= 3 yielding r = 16.189 and compare it with lhc fit for n = 15, 

u 4. The variance -ratio F tc s l i ~ bascd on lhc assumption lhat: 

p ( r 
1 

-r 
2

) ( n -u
2

) I ( r 
2 

( u
2 

- u
1

)) ( 9) 

is a particular value of a p
1 random var iable having 

an F Fisher distributi on (H amilton, 1964; p. 139) in the case 
u

2
- u

1
, n - u

2 

where mathematical mod c l on e (u
1 

paramet c rs, where u
2 
> u

1
) is true. 

This means that the following probability stateme nt holds: 

p l p ~ F 1 n · u J Q (9) bis 
2 

wher e a is a signific a nce leve l, (in practi cc, say o = 51o) . When the two 

least squares fit have bee n computed, p i s cal c ulatcd by formula (9). If 

p~ F , th e p'r andom variable of which pis a 
1 -· a; u

2 
- u

1
, n -u

2 

particular value cannot be conside red to have a Fish e r distribution and the 

hypothesis that mathcmatical model one is true, is rejec t ed . The 

additional parameters arc then co nsidercd Lo be significant. 

Intuitively the test is based on the idea that if an additional parameter 

produces a sufficiently large relative dC' c rease in the r values (i.e. the sum 

of squares of the we i gh ted r es iduals when is diagonal), it is 

significant. Formula (9) bis accounts for bath: the numb e r n of observations 

(as it enters into p and into F 
1 - o· u - u n - u

2 • 2 1. 
an d the gaussien 
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fluctuations of the random errors. p i s not affected by the overall scale 

of random errors, it is a relative value. At a fixed variance-ratio (i.e. 

and a fixed number (i.e. of additional 

parameters, the significance test is easier to pass with a large number of 

observations than with a small one, since p is proportional to (n-u2 > and 

F decreases and tends to a finite positive limit as 
1 - a·, u u n u 2 - l' - 2 

n tends to infinity. In other words, for small sample of data, the relative 

decrease in variance ( r values) has to be greater than for large sample in 

order to make a parameter significant. 

At last comment about the F test used in the present study has to do with 

the basic assumption that all observations are gaussian randorn variables. It 

is normal practice to make this assumption. When the observation sample is 

large ( n~lOO), it can be checked by a x2 test for example. In the 

present case, the sample is small (n=l7) and it is not possible to check the 

gauss ian distribution wi th a reasonable degree of confidence. It is simply 

assumed to be so and the possibility remains open (although with a small 

probability) of a failure of the F test due to a non-gaussian distribution of 

the observations. 

Returning to the numerical calculation in the present case 

" Cu
1

=3,u
2

=4, n=l5) p 1. 22 ~ F 0.95; 1,11 
4.84, th us parameter b in 

( 4) corresponding to the River Seine water level dependence is not significant. 

The latitude dependence can be tested after removing variables S and <P 

from (4) and computing a new least squares fit for n=l5 and U=2; I find 

r = 16. 789. With n=l5, u1=2, u2=3, rl 16. 769 and r2 16. 189: 

p=0.43 ~ F 
0.95; 1, 12=4.75 showing that parameter â corresponding to the 
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latitude variation due to polar motion in (4) is no t signi f icant. 

Testing the pressure depe nde ncc needs on e more cal c ul ati on with n=l5 and 

u=l, where the only variable i s lhe l e ngt h of day 1 in (4). I find 

r = 25.828. Thus wi th n=l5, u "' l ; 
1 

p ..; 7 . 02 ~ F 
13

=4.67 
0.95; 1, 

A and the parameter c corresponding to t he loca l atmos ph e ric pres sure variation, 

in (4), is significant. 

Length of day dependence is t e sted using an u=l l eas t squares fit with 

atmospheric pressure only . I obtain r 39. 9 74 . For n=l5, u =l, 
1 

r
1 

= 39.974 and 16 . 769: P=l8.0 F0 . 95; 1, 13=4 · 67 and the 

Il 
parameter d corresponding to th e l e ngth of day variations in (4) is 

significant. Since the con: e spondin g p ( p=l 8. 0 ) is much gr eater than for 

th e atmospheric pres s ure (p=7 . 02), on e ca n su y th a t a f, r eater part of 

absolute gravity variations ôg is account cd for by length of day vari a tion 

th a n by pressure variati on. 

The present study leads to th e followinr, formula wherc absolute gravity 

variations ôg (in µGal) are expr essc d a s a linear combi nat io n of local 

atmospheric pressure variations (l p (in millibars) and uro l e ngth of day 

variations ôl (in millis econds) (erre r bound s a re ~ 2cr valu es ) : 

~------------ ------

ôg (-0.7 ~ 0.5) tip + ( - 10 . ~ 5 .)Ô 1. 

Figure 1 shows the least squares compe nsa t ed ti ~. vs 
1 

the obs e rved ~g . . 
l 

(10) 
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Table 2: Summar:t of significance tests 
---- ----r- ·-- -----

V <P s p Q. r p Comment 
1 

T I ,1 

14.573 
r, , I 

11 + + t t 

1. 22 s not. significant 
12 + + t 16.189 - - ·- --- - - - -

0.43 <I> not. dgnificant 
13 + + 16.769 

7,02 p significant 
14 t 25.828 

11-rr; i/ l 11 i. 1/_j_// j__L 1 
T 

14 + 39.974 f , , l/11 / 11 ~ ~ ~~~ -
-- - ---- 18.0 2. significant 

13 + t 16.769 / I / 

I ' 
I 

Legend : t." and p as defined in (8) and (9) above 

+: parameter included in the leasl squares fit 

parameter not included in the least squares fit. 

i i ) Met hod 2 : 

One more step in the pres e nl unalysis cun be donc by using two new 

mathematical models actinE on lhe mc us urcmcnls lh cmselves (cf Table 1) instead 

of only their differences as in (4) . Sinc c a Eravity difference had t.o be 

eliminated, it creates two indcpe nd ent subscts of observations. Subset 1 

comprises the 11 first observations and subset 2 includes the 6 remaining 

ones. For each of the subsets, the malhemalical models are respectively: 

" " /\ 
<P.-P 

/\. 
g =m + el ) + fl (1.-1 ) ( i = 1, ... ' 11), i 1 1 0 1 0 

( 11) 

/\ /'\ /' /\ 

gi=m2+ e2 (P.-P ) + f2 ( 1. -1 ) (i=l2, .. , 17), 
1 0 1 0 

(12) 
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where P 
0 

1000 mb and l ~ 86 400 000 ms , 1 . ' 
l 

P. 
1 

and " g. being 
0 

expressed in ms, mb and µGal re s pectivel y. 
!'\ /\ 
m., c ., 

J J 

/\ 
f. (j =l, 2) are the 

J 

1 

T ,... 
parameters to be determined by the l east squares co nd iti ons V.W.V. 

J J J 

minimum (j=l,2) 
/\ 

where V. (j=l,2) are the ( 11. 1) and (6,1) re s iduals vector 
J 

for mathematical models (11) and (12) ees pcct ive ly. In these two cases, the 

weight matrices W.(j=l,2) 
J 

are di iq~onal (uncorre lat e tj observations in 

contradistinction to the differenc c~ which are coe relate d) . The results are 

in agreement with formula (10) for the firsl subsct. The least squares 

compensated gravi ty values 
/\ 
g. 

1 
( i = 1' . . . ' 11 ) are plott c d in comparison to 

/\ 
the observed values g. (i=l, 

1 
11) in ~igure 2. Subset 2, on the 

contrary, shows no significant pr ess ur e and length of day dependence. This is 

due to the small number of observations (only 6) and various causes which 

would be negligible in a larger sampl e. 

Discussion: 

The value (-0.7 ± 0.5) µGal/mb is in good agreement with previously 

estimated factors of -0.35 µGal/mb by Wa rburton and Goodkind (1977) and 

-0.45 µGal/mb by Sakuma (197lc) . Regarding the other factor 

(-10.+ 0.5)µGal/ms, various Earth defo rmat ion models were investigated 

(Pariisky 1978, Molodenskiy et al. 1975) to account for both, the length of 

day and the absolute gravity changes. Since there exists a ve ry strong 

correlation between length of day variations and angular momentum transfer 

between the atmosphere and the solid Earth (13arnes et al . , 1982), there is 

probably some interference be tween Earth deforn1atio n e ffe cts a nd gravitational 

attraction changes of the atmosphc r e on a worl d- wid e scale whi c h could account 

for the unexpected strong correlati on that I fi nd . 
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Another point is that according lo the formulae given below for an 

elastic incompressible Earth, there should be a distinguishable latitude 

variation dependence of about 19 µGal/arcsec al 4> =45° . The present study, 

as explained above, does not show any significant dependence on latitude 

... 
variations, although the total latitude range 1s 0.39 corresponding to 

7 ).!Gal. For an elastic incompress ible earth, the following formula wa s 

derived by Lambeck (1973) using Lovc's lheory : 

2 . 2 
Ôg= Q r(l+h

2
-312k

2
) (s1n24> d<P - 2 (dQ/Q ) (cos 4> - 2/3)), (13) 

where h
2 

and k
2 

are Love's nurnbcrs, Q th e Earth rolation rate, r its 

radius, 4> the latitude of the station wherc gravity change ôg takes 

place. For most practical pur poses 1 + h
2 

- 3/2k
2 

= 1.1 6 . 

The term in dQ/Q corre spo nding to l ength of day variations has a 

maximum contribution of l.55QrdQ und is lhereforc negligible (0.06 ).!Gal 

for l ms change in length of day). Fo rmula (13) ~annot account at all for the 

factor -10. + 5.vGal/ms found in thQ_Eresent study__(cf fo rmula (10)). 

Conclusion 

A sample of seventee n abso l ute dctermin at ions of gravity at Sèvres A2 

(BIPM) has been analyzed in compari so n Lo four en vironmental factors viz. the 

River Seine water level changes , t he latitude va riation due to polar motion, 

the local atmospheric pressure variati o n and the uro length of day changes. 

Only two of these factors provc to be sig nifi cant i.e. t he atmospheric 

pressure variation with - 0.7 ±_ 0 .5 µGal/mb and th e UTO length of day 

variations with -10 . ±_ S. µGal/m s. Th e ('.,ra v i ly values are correct d fo r 
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Earth tides using 378 waves and their local phase shifts. Th e oretical results 

for elastic homogeneous incompressible carth arc not in good agreement with 

the experimental results . Both latitude variation dependence (which should be 

of order 1 µGal/arcsec, thus significant), and length of day dependence 

(0.06µGal/ms) which should be negligible are contrary to the expe rimental 

evidence presented here. Al though a variet.y of earth de formation models can 

be compared to the data, recent meteorological studies donc elsewhere (cf 

dicussion above) show a strong corrclat.ion between length of day and 

atmospheric angular momentum variations. Computation of the gravitational 

attraction of the atmospheric masses on a world wide scale as a function in 

time should throw more light on the actual dcpendence of gravi ty wi th length 

of day changes. 
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