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DISCUSSION OF A LONG SERIES OF GRAVITY TIDE MEASUREME
RALT

AT ALICE SPRINGS IN THE CENTRE AUS

P. MELCHIOR®, B. BARLOW®*, M, DELCOURT®, B. DUCARME®
* Royal Observatory of Be lgium, Bruxelles

** Bureau of Mineral Resources, Canberra

SUMMARY
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This paper describes the installation o

Alice Springs in the frame of the Trans World Tidal

instrumental characteristics and the calibration problem

ssure influences and
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hourly readings over an interval of 10860 da

new conclusions about ocean loading and 1
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installation at Alice Springs
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- the instrument and its calibration
the results of

a
- the effect of atmospheric pressure

i

~ oceanic loading

6 - liguid core effects.

This gravimeter Geodynamics B84 was instal at Alice Springs in

early february 1976 by J. Van Son and was expected
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happened in 1976 and
By the end of 1977, B. Barlow revisited

En

etermined ths in$trumgntal constants (minimum of
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calibration voltages). Then, a new, more homogeneous, ser

started in january 1978 which allowed us to ob avery

ew short gap (348 days vbe normal
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| - THE INSTALLA TION AT ALICE SPRINGS.
Alice Springs is the real center of the Australian
coordinates

23°%42°38" South

133°50° B" East,

-
,
|

p
i

n

the nearest sea coast being at 1000 km in the south (Great Australian Bight)

©3
-t

north-sast (Gulf of Cargeﬂtaria} but west or sast, it is at

the Pacific Ocsan. It is situated in a very

, at a height of 580 m asbove sea level and

=

rn. Summer temperatures in the high 30°C are no excepti

]
[

time the night temperature sometimes drops €

Our choice of Alice Springs wds evidently

obtain there a nearly pure direct sarth tide, the indir

the geographical situation.

We were extremely fortunate to obtaln the use

nd gallery existing, which had been drilled horizontally

nd which is 20 m long. The extremity has bsen

gravimeter GED 84 of the Royal Observatory of Belgium w

5

his is a cooperative project bstween tha

and the Bureau of Mineral Resources at Canberral.

During the first Trans-World tidal gravity profille,
had previously been installed at :
Bruxelles (Belgium] from 1971/06/29 t411 1973/11/08 -
782 days registration available
Bangkok (Thadlland) from 1973/714/17 111 1874/03/13 -
96 days regilstration available

Chiang Mai (Thailand] from 1974/04/08 €411 1974/08/08 - ¥
132 days registration avallabls

Kathmandu (Nepal) from 1874/08/30
B0 days regldira

Canber {Australis] from 1975/04/04 il
88 days registrati

1 1976/01/24 -

ion avallable.

slled at Wuhan, China, on october 5, 1978 and then at

iﬁinaiéwgf Chinal for a period of B months.
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We have therefore made global analyses
a - for the total amount of data available (12528 hourly readings)

b - for the yvear 1978 alons (8352 readings)

Table TI allows us %o compare the results of these analyses for the

main tidal waves (amplitude 2 9 microgals) and shows that, at this level, there

is no significant difference between the two sets.

2 - THE INSTRUMENT AND I7S CALIBRATION.

In this instrument , the displacements of the mess are detected by
-1

a double capacitive transducer, the signal amplitude being about 15 mV um
The eguipment iz completed with a potentiometric recorder and a
guartz clock (specially bullt for this purpose by the Time Section, Department I
Royal Observatory, Brussels] to provide the time scale. The time marks are
superimposed on the tidal curve itself to avoid parallax effects. The chart
speed 1s about 5 om h—1 resulting in a timing accuracy of about 10 5 41in the
digitisation process. The microseismic noise is attenuated by low-pass filter of
30 s for the Geodynamics instruments. The tidal curves are digitised by a semi-

automatic reading device having a resolution of 0.1 mm.

The modified Geodynamics instrument is no longer calibrated by a
micrometer. Its sensitivity is checked by means of an electrostatic calibration
device. A fixed voltage is applied between the beam and the condenser plate, pro-
dﬁcing a constant force proportional to the square of the voltage (Melchior, 1871)
which is eqguivalent to about 100 uGal. A digital voltmeter is used to check the
calibration voltages which are sctivated twics a week for a& 50-min heriod.
Thepropsdureonlyallowéthesensitivitychanges1x3beche¢kedandtheinstrumentamust

be externally calibrated. The instrument was calibrefedtw'the manufacturer against
the vertical gradient of gravity. A more accurate calibration factor deduced

from long recording periods at the Bruxelles fundamental station {780 days}

(Ducarme, 1975a), has been adopted for this profile.

Two differently regulated voltage suppliss are used. The first is a
simple Zener diode which shows sﬁme variation in behaviour with temperature.
As a conseqguence, a thermally-compensated electronic‘circuit designed at the
Geodesttinen Laltos (Helsinki) was subsequently installed. The stability exhi-
bited by this supply is better than one part in two thousand The voltage was

measured at each callbratlon. Table I gives the mean value of this voltage.
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It must be pointed out that at some places a small permanent resi-
dual voltage appearsd betwsen the two plates of the condenser bacause of earthing
problems. This reduces the effective calibration voltage and correspondingly
ifcreases.the instrument scale factor. Table I gives also the amplitude in

microgals of the resulting celibration pulse.

TABLE 1 - GEUODYNAMICS 84

"01d Calibration” (0C) "New Calibration”(NC]
Zensr Residual Calibration] Stabilised Residual Calibration
Dioda  Voltage pulse Supply Voltage pulse
Voltage Ag Voltage Ag
Station Epoch vy (V) (ugal)l Vi (V1 (ugall
201 Bruxellss 1873 48.1 0.0 118.28
2501 Bangkok 1873~74  4B.0 0.4 M3.4
Z50% Chiang Mai 1974 48,1 164 112.8
2450 Kathmandu 1874-75 48. 1 1.3 112.0 i 46.8 1.3 106.29
4208 Canberra 1875 48.0-47.8 0.0 117.8=-116.8; 48.9 0.0 112,43
4205 Armidale 1875-76 48,1-48.0 0.0 118.3~117.8 46 .8 0.0 111,83
4209 Alice Springs ﬁ978—78 48,2 0.0 118.75 48.8 0.0 141.93
0201 Bruxelles  |1978 48.0 0.0 46.8 0.0 111,15
0z01 Eruxelies 1978 49,91 ¥ 0.0 128.11 X
VD = 48,1 volts Agd = 100.00 ugal X LWA Reference after transfor-
) mation of the gravimeter's
<2 . Alo) “(48.2)2 S 8.75 o Flestronies
1 AINC) 46.8 141.83

Aftar the trangfbrmaticn of the electronics the ratio of the squars of the voltages

becams suych as

2
49.91
rr e B

which no more corresponds to the ratile of the calibration pulses: RS = 2811

2 " T11.18 - 14133
As a control, comparisons of the amplitudes of the calibration pulsse has been

made by the Nakal procedurs and gave

R, = 1.054

RS = 1.148

(RS I SN AN |

The discrepancy with respact to the dirsct measursments is only 0.8%.
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A smoothing of the calibration determinations was made in function
of time by the Vondrak method and was compared with a similar smoothing of the

output of a Nakal analysis of the data.

The concluded calibration table is obtained from the adjustment of

these two procedures. It gives a calibration value every two days.

Instrumental stability

Among the parameters influencing instrumental stability, the
levelling is considered the most important in the case of astaticized gravime-
ters. fwo spirit levels are located on top of the instrument. The first,
parallel ﬁo the beam, is called the longitudinal level while the second, perpen-
dicular to it, is called the transverse level. When installing the dinstrument.
it is extremely important to set the levels in the position corresponding tq
that'DF minimum sensitivity to tilting because the instrument output exhibité
a parabolic dependence on the extent of tilting. Moreover, any tilt along the
longitudinal direction directly affects the sensitivity of the instrument. The
levelling stability is therefore a basic factor affecting the quality of the
results. Any diurnal tilt at the site can be expected to directly affect the
results of the tidal analysis if the instrument were not operating at its mini-

mum sensitivity to tilting.

From our experience, it is observed that the levelling stability
of the Geodynamics instruments is better than that of the La Coste-Romberg

meters. This is probably due to the size and the weight of the former.

As a consequence the sensitivity of the Geodynamics instruments is

more stable.

At Alice Springs this instrument has experienced a regular drift

of about 0.5 milligal per year.

Phase correction

The Gravimeter Geodynamics 84 was represented by a rheological model
where the phase lags for the basic tidal frequencies of 01 and MZ were corrected
by the addition of

+ 0°73 at 0, freguency

1
+ 0°76 at M

5 frequency

(Ducarme 1875) which results in a relative correction of the amplitudes by a

factor 1.0097 to be applied to the semi-diurnal waves.



3 - THE RESULTS OF ANALYSIS

The analysis of the data has been pe rmed according to three

mathods

=i

. The now classical procedurs of Venedikov (1886) which is a least sguares
analysis applied to the band pass filtered data, separately for diurnal,

semi-diurnal and fter-diurnal components.

IT.  The new procedurs introduced by Venedikov {1878} which is als

easht

]
2]
fomt

squares procedure but here applied after application of new band pass
filters the results of which are automatically weighed according to the
internal errors.

The results obtained from the whole set of data are given on Table II

which reproduces the computer outpu

II7. A spectral analysis of the one year uninterrupted set of data obtained in
1978,
IV. Spectral analysis has also been applied to the residuals obtained by
subtracting from the observed curve a curve reconstructed by using the
1

saks around 24 hours, ths powsr spectrum sxhiblis small

hours perdiod but nothing at 6, O or 12 hours

o

e power spectrum represented on Filg.4 stlll exhiblts small peaks at K,

and & wz pariods.

compare the results for the whole set of data (17172

5

o
i for an uninterrupted 352 days interval covering the year

irly readings ] which we trust more becauss of maintenance
problems .
4 - THE EFFECT OF ATMOSPHERIC PRESSURE

Measuramsnts of the atmospheric pressure were obtained from the

Australian Meteorological Service, Melbourne for every three hours.

To analyse these data in the same way as the gravity tide, we

firstly interpoleted by a polynomial fit a valug at svery hour.

ﬁﬂ
o
fute
3

e G
of
o
=]
wd
o
4]
ach
-3

L“
U
o
o

ot

S
oF
o
o}
\r
;L

From this, svidently, results the imposs ract components of a
¥

requency higher than the Nyguist fregusncy i.e. 6 hours.

and exhi

r

fhe atmospheric pressure curve is exiremsly regular at Alice Springs
bits a clear seml-diurnal tidal component. It was trested by spectral
I

analysis as well as by the Yenedikov method {Table VI). Peaks ars clearly

visible at 24h (S 39 12h (55) and 8h (S,).
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Figure 2 - Errors Vector ;

For the semi-diurnal wave M2. the correct scale of this figure should

be on the order of
R~ AN 40 (Europel to 90 (Equator) ugals,
o v 0° to 5°
L vB~N 2 (Europe) to 10 (South Pacific) ugals,
- X v 0.5 to 5 ugal
e " 0.5 ﬁgal, (Europel) to 1 ugal (Equatorial zone]

<+ e =+ -5

“+ -+
B=A-Rj B -L =X
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TABLE LTI

TRANS WORLD PROFILE AUSTRALIA STATION ALICE SPRINGS
STATION 4209 ALICE SPRIWES VERTICL COMPONENT NORTH . TERR,~AUSTRALIA
23 42 36 5 133 50 D& K Hos9n M S D 1000 K#

IGSNT 978610,
SHALLOW TUNNEL INTO WILL, PRECAMBRIAN SCHISTS AND. GMEISSES
BUREAU OF MINERAL RESOURCES, CANBERRA

GRAVIMETER GEODYNAMICS 08 PeMELCHIOR TRANS WORLD PROFILES
CALIBRATION BRUXELLES -~ FUNDAMENTAL STATION
INSTALLATION Je VAH SO

MAINTENANCE P. TAYLOR

GRANT AFOSR=-73-2557 & PROJECT-TASK 8607-02

LEAST SQUARE ANALYSIS /7 VENEDIKOV FILTERS OM 48 HOURS / PROGRAMMING B.DUCARME
POTENTIAL CARTWRIGHT-TAYLER-EDDEN / COMPLETE DEVELOPMENT

COMPUTING CENTER THTERNATIONAL CENTER FOR EARTH TIDES/FASS/ BRUBSELS
COMPUTER UNIVAC 1300740 PROCESSED ON B8O/EE437 '

INERTIAL CORRECTION PROPORTIONAL TO THE SQUARE &F ANEULAF SPEESE
MORMALISATION FACTOR 1.,18255 ”

PHASE LAG 01 273 M2 .76 04 IME 896

CORRECTION FOR DIFFERENTIAL ATTENUATION #2708 £,00976 FMODEL 27

B &y T8 113/781229

TIME INTERVAL 352.0 DAYS AuuB READINGS IOaLOKS
WAVE GROUP ESTIMATED AMPL, AMPL . PHASE RESIODUALS

ARGUMENT N WAVE ReMoSe FACTCR  ReMoSe DIFF. ReMeSe AMPL . PHASE
115,-11%, 11 SIGMGL <23 <05 1.3680 3147 -10.43 §3.15 «U5 12649
124.~126, 10 201 « T2 05 1.2367  «O0B75 1,72 4,05 05 ~15451
127.-129. 11 SIGMAL «TT 205 1.0972 .0723 ~e 76 3.77 o004 13.2
133,~136. 20 Q1 5.16 .05 117867 L0111 2,19 o 54 021 =142.8
137.-139. 10 ROL 1,00 .05 1.2079  .0586 5,99 259 1l ~1068.3
ju3.-145. 16 01 26,78 .05 11716 L0021 1:06 530 2857 =119.0
fu6.~314%. 10 TAUL «36 .03 Yo2192 L1047 =51 4,92 02 169.8
152.-155. 1% WNO1l 2:07 05 1.1822 0301 1.08 150 W08 =723
156,-15%8., 7 KIl « 33 05 L9598 1372 3.10 8.1% 07 =18.8
i6le=162. 3 PI1 s Tl LU 1.1809 L0599 ~3.,99 2090 05  108.8
163-‘163» 7 Pl 12306 « (10 11616 L0035 132 237 8 30 "106!5
j6lis=164, 3 S1 « 72 <05 2.8385 L2061 15.57 4.8 851 =123.7
165.,~165. 11 K1 37.06 o OH 1.1528 0013 1,00 .07 B0 ~126.8
166o-166s 2 PSIL « 31 0% 1.2217 1497 o2 T 702 <01 167
i6T7.-168, T PHIL .50 .08 1.0971 0830 0 55 4,33 - .08 “5.0
172.~174, & TETAL 60 L O 121718 L1300 =e58 G036 «01  130.9
175177 14 Ji Z2.05 <05 1.,5407 <0258 1:26 i.30 06 =50.1
181.,-183. 7 501 239 .05 1.3187 <1679 ~j.2h 7.30 05 1697
13“¢"1360 11 ool 1.02 <09 1.0377 (1958 3,71 .29 e 18 “2862
195.~195, 14 NUL 23 .08 1.1964 4501 ~11.29 21.58 « 0% 932
215.-22Xs 19 EPS2 «5T L OR 12370 08B7 ~2:11 Bl 08 =31.0
233.-236, 10 2N2 1.98 04 1.2194 0245 ~s53 116 i ~12.8
237.=23%e 10 MUZ Z.31 0% 1.2028 L0218 =101 1,08 «09 ~26.%
243,245, 13 N2 14,15 D8 1.1751 0033 =32 16 020 ~28.0.
Zub.=288, 11 HUZ 2:.66 04 11618 0179 «80 89 508 85,8
252.=258. 26 HZ T3:.55 04 1.1693 0006 =e B0 203 fTT =819
262264, 5 LAMEZ s 56 o 0H 11959 0839 3018 .05 503 6206
265.=-265s 9 LZ 2419 08 1.2312 L0249 « 72 117 B 1 123
26T.=272s 5 T2 1,90 .04 11050 0234 ~278 i.22 Tel% =136.8
273.~273. & 82 33.96 08 1.1603 0014 o 70 « 07 a4l 8968
274.-27T. 12 K2 g,10 05 1.1423 0068 208 o 38 sl 1TH.8
282,-285. 15 ETAZ 60 08 1:3566 <1337 3.19 569 =09 212
292.~295. 11 2KZ 213 .09 1.09268  796% =Ti:13" 42,06 015 =228.0
335,-347. 5 MO3 .33 .01 1.0560 L0802 ~1.78 2.20 s01 11563
35‘30"375.’ 1l M3 1e28 01 1.0988 L0107 . =aB5 <56 o 08 ~2Tel

STANDARD DEVIATION o 7,20 50 235 To 70 WICROBGAL
gLFRy 1.0163 1-01/71-¥1 1.1231 M2s0L sFGB0 )
PERTRAL EBOCH TJdz 2883696.0
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TABLE IV

THAWE WORLD PROFILE AUSTRALIA ‘ STATION ALICE SPRINGS
STATION 4209 ALICE SPRINGS VERTICAL COMPONENT NORTH.TERR.=AUSTRALTA
23 42 36 8 133 50 06 € H 590 M Poiou 0 1000 KH

IGENTL 9TB6H0,
SHALLOW TUNNEL INTO HILLy PRECAMBRIAN SCHMISTS AND GNEISSES
BUREAU . OF MINERAL RESOURCES, CANBERRA

GRAVIMEYER OGEODYNAMICS 084 Pe MELCHIOR TRANS WORLD PROFILES
CALIRRATION ! BRUXELLES = FUNDAMENTAL STATION
INSTALLATION ‘ Je VAN SON

MAINTENANCE P TAYLOR

GRANT AFOSR-~T73~ 2557 A PROJECT~TASK 8607~02

LEAST SQUARE ANALYSIS / VENEDIKOV FILTERS ON %8 HOURS / PROGRAMMING = B.DUCARME
POTENTIAL CARTWRIGMT-TAYLER-EDDEN / COMPLETE DEVELOPMENT

COMPUTING CENTER INTERNATIONAL CENTER FOR EARTH TIDES/FAGS/ BRUSSELS
COMPUTER UNIVAC 1100740 PROCESSED ON 80/11717

INERTIAL tORRFCTION PROPORTIONARL TO THE SQUARE OF ANGULAR SPEEDS
NORMALISAYION FACTOR 1.182585

PHASE LAS 01 73 Mz e 76 01/7M2 o9&

CORRECTION FOR DIFFERENTIAL ATTENUATION M2/01 1.00976 JMODEL 27
CORRECTED FOR ATHOSPHERIC PRESSURE ADMITTANCE ~0.29 MICROGAL /7 WILLIBAR

G By 78 113/781229

TIME INTERVAL 352.0 DAYS B4u8 READINGS i BLOKS
HAVE GROUP ESTIMATED AMPL, AMPL . PHASE ) RESIDUALS
ARGUMERT NOWAVE RetaSs FACTOR RoMoSe DIFFe ReMolSo . AMPL . PHASE
T16.-11%. 11 316MQ1 «23 05 13603 L3081 =120.15 12.78 06 120.7
124.-126. 10 201 « 71,05 122261 0845 =101 3,94 «08 1620
127.-129, 11 SIGMAL e TH 5 05 1.0877 +699 =1.03 3.68 05 151
X33e"1366 20 Qi 5016 » 05 301301 00105 2.36 052 023 "11200
137.-139. 10 ROI 1.01 o048 leZiutt L0528 543 2ok 012 ~109.2
143.-145%, 16 01 26:79 .05 11719 002D © 1.08 2 10 258 =119.3"
146.~349. 10 TAUL « 36 503 1.2166 L1012 =267 BeTH 02 138.7
152.-155, 15 NOL 2:06 05 To.14b9 L0291 1e40 iots 05 =66.5
186.~158, 7 KIi 238 .05 9975 41326 S el Teb1 o066 =25.2
161;”1625 3 PIL o TH .04 11877 L0879 =296 2.79 0%  116.7
163.,-163. 7 PI 1237 .08 1.1627 L0034 1ot 47 2T =110.7
16‘9»“16‘4u 3 51 © 39 « 05 1.5391 + 1986 «13.97 Tolib 213 132.8
165,165, 11 Ki 37.00 .04 11511 »0013 85 « 06 e 70 =128.0
166166 2 PSI1 31 o 08 1.2082 s1847 936 6.86 205 =TEe0
167.~168. 7 PHII «51 08 11076 0802 o hl Bold 03 =6.8
72«37, 8 TETAL 41 .DH 11921 1256 1610 6.04 01 =183.1
175,177 18 41 £.05 0% 1.1821  .0249 e 71 125 oUW =3604
18l.~18%. 71 501 « 37 .05 1.2260 1622 =07 7659 02 178.7
i8h.~186: 11 001 1.04 .09 1.0877 0926 .84  5.02 el2 23369
191.~195, 14 HU1L «21 .08 1o1381 L4350 =12.09 22.00 .OS 778
Z15.-22%, 19 EPSZ2 « 58 L 0Y 1.2019 L0871 =le72 5,05 08 =2Hob
233.-2366 10 2N2 1.95 o OB 1.220% 0241 '-.59 . 1o18 o310 =1l.7
237T.=23X. 10 MUZ 2.31 08 11992 0214 =s92 1,03 o8 ~Z6.3
7uF.-2ub, 13 NZ fu.16 00 1.1748 50032 ~e29 016 e l9 T 223637
Zhb.-Zu8. 11 NUZ 267 o0 1.1675 0176 . 869 87 o0 H206
252.=258. 26 M2 73,53 .04 i1.1688 0006 N L 1 203 075 =831
262s=264, 5 LAMNB2 <55 .08 1.1819 L0824 2,57 4,02 <03 68,7
268,265, 9 LZ 219 .04 1.2310 0264 s 41 io15 213 Tel
267,272, 5 T2 o 1.88 .04 109485 L0230 =2.12  1.21 el 3 =il88.0
273,273, 4 32 33,86 00 1.1568 L0018 s15 <07 213 1368
27U =277, 12 KZ 5,08 .05 1,140 L0066 =a13 s 38 ol =17268
282,=2685. 15 ETAZ2 261 086 13675 L1313 3.89 5054 e 10 Zhe
292.-295, 11 2KZ <12 .09 1.0493 7828 =63.53 43.02 ol8 =126 4
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The amplitudes and phuses at the frequencies corresponding to the

main tldes are given in the Table V.

An analysis of olther pressure data of Alice Springs had been made

by Haurwitz (1968) who obtained for the M2 frequency

.. . AP (M2) = 38.2 ubar w = -25,9°
while our result is
AP (M2) = 37.7 uybar w = -36.8°

After several tentative corrections of the gravity tide from this
effect, an admittance factor of 0.00028 microgal per microbar was adopted. The

result of this correction on the solar waves is given in the Tables V and VI.

We observe that the spuricus S, component in the gravity tide is

1
reduced by 45°% while its phase changes from 3868° to -14°,

The 82 wave has its phase reduced from 0.70° to 0.15° (£ 0.07°)

that is non significantly different from zero.

Finally the ¥, wave amplitude factor slightly decreases from 1.22
to 1.21 which may be considered as satisfactory (nothwithstanding it must be

taken with caution].

The effect upon lunar waves, if any, is well below the level of
precision of our measurements as no lunar wave has an amplitude of more than
40 ubars in the barometric pressure variations, that is the noise level.

The atmospheric pressure has a considerable effect upon the drift of
the instrument as may be seen on the figure 3 where the curve (1) represents the
observed drift as obtained by subtracting the tidal components of the Table III
from the rough data while the curve (2] has been obtained by subtracting the same
tidal components from thes data corrected for barometric effects.

The purely instrumental drift thus looks almostlliﬁea:e Its value
was -1.851 ugal per day, the total amount reaching some 0.55 milligal over the

whole 1878 year.

5, DOCEANIC ATTRACTION AND LOADING EFFECTS.

The oceanic effects obviously do not vanish at Alice Springs as
may be seen from the results of our harmonic analysis as well as from the

attraction and load calculated on the basis of the different available cotidal

. maps.
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TABLE V - EFFECT OF ATMOSPHERIC PRESSURE URRECTION

Wave Gravity Tide B;;Z:;ﬁizc Corrected gravity tide

Ag o s IR] Ag w Ag a 8 [R]
P, | 12.38  1.32° 1.1818  0.30 132 250.48° 12,37 1.15°  1.1627  0.27
Ky | 37.06  1.00° 1.1528  0.80 150 259.70° 37.00  0.85° 1.1511° 0.70
Uy 0.31 -0.27° 1.2217  0.01 66 119.65° 0.31  9.38° 1.2082 0.05
S, 0.72 °36.57° 2.8385 0.51 1750  250.78° 0.39 -13.97° 1.5381 0.13
T, | 1.80 -2.78° 11050 0.13 67  135.79° 1.88  -2.12° 1.0945 0.13
s, | 33.96  0.70° 1.1603 0.41 913 253.96° 33.86  0.15° 1.1568  0.13

Ag. in microgels. AP in microbars.
a and w in degrees (positive for
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TABLE VI

TIDAL WAVE My

Observed residue  : 0.75 =43° .
caleulated residue

Map : Schwiderski 1° % 1° 0.5¢  =79°

 Bogdanov 5° x 5° - 1.47 87°

Hehdgrshott B° x B° 2.75 C 40

 Parke 6° x 6° 0.14 -99°

~ Parke (1979) "B° x.6° 0.56 =569

Zahel 19 x 10 1.65 - 2°

Zahel 40 x 4° 2,98  85°

AS
141 1642
b2 0657 0066
23 0656 0066
" 2h 055 0666
25 0.3 054 0065
26 053 0,68
27 0851 064
28 0ets7 0662
29 ) 0042 0659
20 Og55 0o 48 h;eSB 0.52
31 0,88 0,81 0,71 — e 0e21,0.48
82 168 1,32 1.07 0:93 094 1&@8 1»11 oeag Q95§ 0026033
A t L B
AS1 ALICE SPRINGS 133 54 =23 43 0,72 ~43° BH
BH: BROKEN HILL 141 28 =31 58 0.7 =116°

Figure B3 M2 Ooean Loading amphidromie area in Auetralis eccording to the Parke

cotidal map.

143

075
0676
0,76
0,78
0,79
0,80
0,80
0,78
0,75

0,62

lag

086
086
0,88

091
094
0,98
1,00
101

'13@@

097
00,93



COMPARISON OF OBSERVED AND

0200~

TABLE VII

CALCULATED RESIDUES FOR THE SIX MAIN WAVES

Tidal Observed Calculated with

wave Schwiderski Others

maps

M2 D,ZS - 43° 0.54 - 79° see Table VII

N2 0.19 - 23° 0.09 p°

82 0.13 137° 0.27 159° 0.80 143° (Parke]

01 0.58 -119° 0.53 -122° 0.45 162° (Bogdanov)
P1 0.27 -111° 0.18 -133°

K1 0.70 -128° 0.55 -121° 0.41 -109° (Parke)

The geographical position of Alice Springs makes the effects of
the coastal sea tides totally negligeable. This station consequently can be
considered as a strategic test station for the validity of the proposed world

cotidal maps.

From the Tables VI ~and VII there is no doubt that the six
Schwiderski maps are of high quality although a problem remeins for MZ’ the
vectorial difference (0-C) leaving indeed an end residue of 0.45 pgal with a

2° phase which is surely larger than the instrumental error.

However the 1978 M2 Parke map gives a better result as the (0-C)
difference reaches only 0.23 pgal (phase -13°). One will also observes that
the 82 and KT Parke maps give a fair agreement in the phases but not as good

in the amplitudes.

All other maps obviously fail to correctly represent the observed

phenomena.

A similar conclusion was reached by Melchior et al (1380) for a
large number of european and east african stations (particularly Antananarivo,

Madagascar) as well as Kerguelen.
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The question may be raised if there is an amphidromic point for
oceanic attraction and loading somewhere in Australia, other than Alice Springs.
A comparison with the results obtained at other places on this continent, Perth,
Darwin, Charters Towers, Broken Hill, Armidale and Canberra (see Melchior et al.
1880) suggests that such a point could exist between Alice Springs and Broken
Hill a station where the observed residue amplitude is indeed below the instru-

mental error.

The Parke map indicates that such a point could exist indeed with
the coordinates' ¢ = -28°30', A = 137°30° (fig. 3) but the Schwiderski map do
not how anything buf a uniform residue of 0.5 pgal over a broad area covering

Alice Springs as well as Broken Hill.

6. Liguid core eF?ecﬁsg

Considering that the results of the 1978 series when corrected for
atmospheric pressure are the most attendible, we have applied to them the oceanic
attraction and load corrections calculated with the three diurnal Schwiderski

cotidal maps. This gives the following results:

0, § = 1.1597 o = 0.01° X = 0,01 (x = -165°)
P, § = 1.1491 o = 0,71° = 0.16 (x = -72°)
3 § = 1.1445 o = 0.44° = 0.38 (x = -128°)

The vector ?[X,x) being the final unexplained residual. Considering its
very small amplitude, its phase is obviously meaningless except perhaps in the
case of K1 which still may be taken as significative and may be suspected to be
from thermic origin.

The Table VIII offers a comparison of our results with other experimemtal
data and with six theoretical models, including the recent one of Wahr (elliptic
rotating earth) (1979]. '

It must be clear that the standard deviation of the individual readings
being of 3 pgals in the diurnal band, there is not much hope to obtain a signi-
ficative determination for diurnal waves having an amplitude less than one microgal

Despite this, the result obtained for the wq wave is in agreement with
expected effects from the liguid core. It is evident that to make progress on
this very important aspect of tidal research, other instruments must be used now.
The only one having a decisively much lower noise levél is presently the supra-

conducting gravity metef,
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tite échelle du manteau inférieur ne peuvent

PR

Les hétérogénéités &

o
[13]

ex per une Influence importante sur les valeurs de v puisque les coefficients
de la décomposition des mouvements verticaux de la surface en fonctions
sphérigques suivant la profondsur ont en facteur exp {-n%/a) [1] ot n est
1'ordre de la fonction sphérigque; a le rayon de la Terre et £ la profondeur
de la couche hétérogéne. C'est g@ur@goi seules les hétérogénéités du manteau
supérieur se trouvant dans la couche d'une épaisseur effective
S a .

R o
influencent v.

Pour une courte longueur d'onde des hétérogénéités du mantsau on peut
ﬁégligér 1'influence de 1'autogravitation et de la sphéricité de la Terre sur
les déformations élastigques en surface. On peut également négliger la variation
des modules élastiques A et | avec la profondeur dans la couche méme (1) st
supposer que dans une approximation nulle A = A g_u = U4, p o= p@ sont les constan

Dans 1'approximation suivante nous possrons

A(EZ , Lo, fgj zﬁgﬁé’ﬁfﬁif@gg cs?"jj F
z.

(2]
fggg{zf} 5, ,;%} ﬁﬁﬁ%%ﬂ(,@'fgfgy .3'3,}”
ol 6L << Aﬁ et 6y << My sont les corrections asux valeurs A et ua qui tlennent

2

compte de la présence des hétérogénéités horizontales et xﬁ et X sont les
axes de cocrdonnéses cartésiennes dans le plan de la surface de la Terrs. Dans
la suite nous supposerons que l'origine des coordonnées Xq = Xo = Xg = 0

3 2

corraespond avec le polnt auguel on fait les observations clinométriques et

aue 1'axe xg gst orienté vers l'intérieur de le Terre.

Nous écrirons le correction & la valeur de 1'inclineison de marée dang

la direction n sous la forme i = {n,grad H) ol H est la correction
n| xXq=xo=xg=0 _

& la valeur totale des déplacements verticaux de marées de la surface au

point Xy = Xg = Xy = 0.

A l'ade du rapport (10) tiré de [1] 11 est ?agile de démontrer gue

dans 1'approximation envisagés

a7, ( 97 } (3)

f‘x"s“Zg g«é} %dﬁﬁw Q%W@’ﬂgﬁa’; f@ﬁ' iz ‘:;X

ol u® sst la valeur connue des déplacements de marées dans 1'approximation
1

= 8y = 0)'et U est la solution de Boussinesq [5] décrivant les

<

A
déplacements &lastiques provenant de 1'effet suivant la normale & la surface

de la pression p appliquée au point de coordonnges x, = X, = X, = 0

1



e 2 2
gli, v = (%7 + y~ =

L
(V]

£ les valeurs de 1

gt on somme sur las

Puisque nous supposons que les dimensions linéaires de la réglon V

R s -

sont suffisamment petites vis a la dionde de la marée
non perturbée, les valeurs de div u® et e, = dug/ax, + 9 @Jféxi dans la
de i o 1Y A ok

région de V peuvent

gt on peut les porte

En utilisant sile de calculer les
(A}

U
composantes du tenseur . Pour div u nous obtien-

drons 1'expression

A2 5
LY U 7 o i i ¢ (53
SE(A ‘&.{fég‘;;_ 2

pour H dans

dans 1'enve

(8)

Nous ghtenir une estimation simpls

de 1l'influence module A sur Y. Nous sxaminerons

a titre dlexemple 1'effet de 1

avant pour configuration un
parallélipipéde rec

Motz e le-= ),

(1'introduction de la limite ayalléliwlpéﬁa dans le résultat

]

ne se fait pas fort sentir). Le vectsur n est pris comme étant dirigé ls

long de 1l'axe x,. Alors nous obtiendrons

i

—y
Ry
[

aiv e
> 1
2E (At}

& -
frf=

&

Dans certains cas ma%%
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Alnsi pour 0 . xEﬂ = wiq)
1A ;’30 /\3 1 i 2
sommets du parallépipede]

(guand les mesures se font sur un

@2 m? (n?
X + +

ié l -+ comme aussi 4nl 3 X, Xq

)

Si on rejette des cas particuliers semblables alors on peut affirmer
qu'a cause de la variation trés lente de la fonction fn x le facteur renfermant
un logarithme dans 1'expression (7] est toujours de 1'ordre de 1'unité.

C'est pourguod

dr e’ M. (8)
25 4, 24,

FE~

Sur la surface de la Terre: v

div u® v 0.5 —=
ga

ol #E est la valeur du potentiel générateur des marées au point d'observation:
s I
. 2 e e s . l
= 880 om/s” accélération de la pesanteur; a = 6371 Km, rayon de la Terre.

g
En comparant (8] avec la valeur non perturbée de l'inclinaison de marée

0.7 BV@
t = T —
o} 2 8x1

On peut constater gue les corrections & la valeur Yﬁ et au déphasage des
variations de marées en 1l'inclinaison est diun ordre
Sh
e B
A+ 2
0 Ue

P

C'est du mBme ordre aussi 1l'effet des hétérogénéités horizontales
du module u. Le calcul précis de 1'intégrale (3) pour des répartitions arbi-
traires des paramétres &)X, 6y sont faciles & réaliser par la méthode

numérigue.
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STUDY OF GRAVITY TIDES IN SHANGHAI REGION

Li Juihaoc, Chen Dongsheng

Fu Zhao Zhu-

Institute of Seismology, State Seismological Bursau,

The People’s Republic of China)l

ABSTRACT

The authors analyse and compare the cbservation data obtained with
two gravimeters : Askania GS-15 N° 227 and CG-2 N° 317. They specially discuss
the ocean loading effect and find that the Schwiderski Maps are very effective
for the interpretation of the gravity tides in Shanghai region. The numerical
values {Bﬁ] and 5M9] before and after considering the loading effect are equal

to 1.207 and 1.187, and 1.150 and 1.152 respectively.

We carried out tidal gravity observations for six months (from
980 to May 18981) by using the gravimeters Askania 55-15 N° 227 and
7 installed at the Seismological Station of Shanghaf. The over-burden
thickmggg ebove the tunnel i1s about 40 m, and the length of the tunnel is

about 120 m; the temperature fluctuation is less than 0.5°C a year.

In order to ensure that the astatic behaviour of gravimeter CG-2
doss not influence the tidal autpﬁt signal of the instrument, the range of
‘displacement of the reference line in the field of vision on the microscope
of the instrument is restricted between divisions -2.5 and +2.5 during the
recording period, a range which corresponds to about 1200 pgals. The drift
behaviour for this instrument 1s of positive tendenayEFWhen the line is close
to the division +2.5, it is re-adjusted back to a place near the division -2.5,

and a sensitivity calibration is carried out simultaneocusly.

Nakai fit and Venedikov filter are edopted for pre-process and
harmonic analysis for the observed data. The analysis results for the six main
tidal waves are presented in Taebles 1 and 2., introducing the inertial correc-

tions.

)



Table 1. ¢,
Instr. Epoch 0 K N M S M

1.207 1.184 1.178 1.1687 1.169
*0.012 | +£0.008 | £0.022 +0.004 +0.0089

[ &y}
N

1.144 1.06
+0.002 +0.05
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Ce~-2 1/XIT.1980 ~-0.82 ~{.78 ~2.48 ~-1.43 ~2.02

N® 317 10/v.1981 £1.05 £0.5¢ +1.89 +0.33 +0.72

G

~2.81 ~2.23 -0.96 2.78

GS-15 1/%.1980 0.37
N® 227 28/11.1981 £0.23 +0.25 +0.05 £0.10 £2.53

£
i
M

rheological modsl for the gravime

able 3. Parameters of the rhecological model

The phase differences after considering rheological corrections

ven in the Table 4.

[
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Table 4. Phase differences

Instr. (o, (M.]

£

o Y 5 o P -
CE-2- NY 317 0.69 =1.15
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The results for (Dq} and [MZ] show theat the ocean loading effect
i larger for 81 than that for M2 in Shanghaf region. The fact that
(L9 {Mz}é > |Ad {qul indicates another behaviour of the ocean loading effect

in Shenghal region.

In addition, the values of &(0,) - §{K1) indicate that our observa-

tions reflect the dynamical effect of the liquid core of the earth.

-
We introduce a "residual vector” B as follows
- -+ - .
Bi (B,8) = Hi (H,Ad) - Ri (R,0)

-3
where H, is the observed vector corresponding to the tidal component considered,
e N

Ri the vectors of the eglastic earth tides model and

where the H,
i,th

earth model and the Si

are the "theoretical” tidal amplitude calculated for a rigid

th the "theoretical” tidal amplitude parameter, taking

s Wil

the deformation of an elastic Earth model with liguid core intoc account. We

choose the Molodensky model I as reference i.e.
{ = M = . 3
81 ,tn 09 8 en UM 1.180

Finally we solve for these vectors B as shown in Table 5.

Tahle 5. Residual vectors (B in microgals)

Instr. Dr] MZ
B B B B
Ce-2 N°® 317 1.35 -17%2 1.34 -73%9
(5-15 N°® 227 1.28 - 323 1.99 1-10396

e
The -corresponding occean loading vectors A for the Shanghal Station
calculated by ICET with the Schwiderski Maps recommended by the Ninth Inter-
national Symposium on Earth Tides as the "working standards” for the interpre-

tation of Earth tide data are shown in Table B.
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table B shows that the vectors B and A are in agreement with each other very
>

well for the gravimeter CG~2 N9 317. We now form a secondary vector X as

follows

o, M,
Instr. X X X X

“CG-2 N® 317 0.20 0.28 - 14994

G8S=-15 N¥ 227 0.16 5091 1.33 ~1379€

Finally we obtain the tidal parameters ¢,

5L and phase differences

,&@i ., after correction for the ocean loading effect, as shown in the Table 8.
» L

Table 8. & and Ad,

R
doog b Lo ke

Instr. 8,

CG-2 .N° 317 1.18

GS-15 N° 22
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By comparison of the numerical values of table 8 with the corres-

ponding values of table 1, we can conclude that the tidal parameters éi and
,;_

~ected for the cocsan loading effect calculated

on Schwiderski Maps, can be improved very much for the Shanghal Station. These
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numerical values also show that the dats obtained with the gravimeter CG-2
M® 317 are better than those by Askania G5-15 N° 227 for the main waves U,1
wnd Mo. The first of these two instruments has principally two advantages :

§ir3tiy, its elastic system is sealad in a vacuum, and the basrometric effect
is eliminated completly; and secondly, it has optical output signal and the
influences of the statics are also avoided. Consequently the systematic Berror
caused by atmospheric conditions for gravimeters CG-2 is certainly very much

. less than that for Askania GS-15, but the reading error of the gravimeter CG-2

is larger than that of the gravimeter Askania G5-15.
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OF THE SHANGHAL ASTRONOMICAL OBSERVATORY

M. VAN RUYMBE

In the frame of the cooperation between the Institute of Geodesy

and Geophysics of the Chinese Academy of at Wuhan, the State Seilsmo-

logical Bureau of China and the

station has been established at

May 1981.

by M. Van Ruymbe

The

cion was honored by the

of Belgium a few days after its installation,

The instrument is the Geodyna ter n° 783 which was

installed previously at Wuhan and Lanzhou. The same procedures were applied
for the calibrations, measurements and analysis {(Melchior et al. 18981).
Therefore we report here only the results so far dbteined in order to compars

them with those obtained with two other instruments in a nearby site in

In the Tables I and II we give the usual (4, o) parameters as

derived from the registrations and the residuss
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There is a fair agreement Ffor all the waves which demonstrates
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that the different instruments have been correctly
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L HC at L instrumental phase lags ars also correctl cva i 20
calibrated and that the instrumental phase lags ars also correctly evaluated
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TABLE I - Comparative results of the harmonic snalysis of the registrations.

al waves
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GRAVIMETRIC EARTH TIDE OBSERVATIONS IN WESTERN VENEZUELA
by C. Badell®, H. Drewes®¥*, W. Torge¥*"#

and H.~G. Wenzel®%%

Summary

Gravimetric earth tide observations have been carried out in western
Venezuela during 1978/1979 at the stations Maracaibo and Llanc del Hato
(Venezuelan Andes) by cooperation of the Escuela de Ingenieria Geodésica,
La Universidad del Zulia (LUZ), Maracaibo, and of the Institut fiir Theo=-
retische Geoddsie, Universitit Hannover. The main purpose of the obser-
vations was to provide accurate tidal corrections for the high precision
gravity measurements carried out in western Venezuela in order to detect
gravity variations caused by tectonic processes and the extraction of oil
(DREWES 1980). The gravimetric earth tide observations have been carried
out with the LaCoste-Romberg gravimeter model G No, 298 (e.g. WENZEL 1976),
the instrument has been compared before and after the Venezuelan obser—
vations in the earth tide station Hannover (e.g. TORGE and WENZEL 1977).
The analysis of the observations shows significant deviations of the tidal
parameters from standard tidal models as well as significant dlfferences
between the tidal parameters of the two stations,

i. Introduction

High precision gravity measurements have been carried out since 1977
in western Venezuela by cooperation of German and Venezuelan institutions
{e.g. DREWES 1980). The main purpose of these investigations is the moni-
toring of active tectonic processes in the Venezuelan Andes and the sub~
sidence of the Lake Maracaibo due to the extraction of oil. Because the
amplitude of the tidal wave M2 is appr. 87 uGal in western Venezuela, a
knowledge of the tidal parameters of the main waves to *+1% resp. #0.59 is
necessary to provide tidal gravity corrections accurate to *1 uGal for the
gravity field measurements. Gravimetric earth tide observations had been
carried out in Caracas in the years 1959...1963 (FIEDLER 1970) using an
Askania gravimeter GS11 with fotoelectric readout. The quality of these
observations is only poor compared with modern gravimetric earth tide ob=~
servations, and the tidal parameters seem not to be reliable. Because ex-
perience has shown, that gravimetric earth tide observations of some month's

2
e

Congejo de desarollo cientifico v humanistico’(CONDES), formerly
Escuela de Ingenieria Gecdésica, La Universidad del Zulia,
Maracaibo/Venezuela

R from 1977 till 1979 at Escuela de Ingenieria Geodésica, La Univer-
gsidad del Zulia, Maracaibo; now at Deutsches (eod#tisches Forschungs~
institut, Minchen/Federal Republic of Germany

. Institut fiir Theoretische Geodisie, Universitdt Hennover,

Hannover/Federal Republic of Germany
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duration with LaCoste-Romberg model G gravimeters can provide tidal gravity
corrections with an accuracy of +1 uGal (e.g. TORGE and WENZEL 1976), it
has been decided to install two temporary gravimetric earth tide stations
in western Venezuela. The stations Maracaibo and Llano del Hato (Venezuelan
Andes) have been selected mainly regarding technical and logistical facili-
ties, but also in order to cover the area of the precise gravimetric nets
(e.g. DREWES 1980). Besides the main purpose of providing accurate tidal
gravity corrections, the observations should also improve the knowledge of
the global distribution of tidal parameters (e.g. DUCARME and MELCHIOR 1977)
and possibly improve the knowledge of the ocean tides in the Carribean Sea
and Atlantic Ocean from inversion of the ocean tide effects on gravimetric
earth tide observations (e.g. KUO et al. 1977).

2., Instruments

The observations have been carvied out using the LaCoste-Romberg model G
gravimeter No. 298, operated from a battery buffered regulated power supply.
The gravimeters capacitive readout, filtered by an active low pass with 0.1
cps cut off frequency, has been vecorded with a double channel strip chart
recorder Yokogawa YEW 3047/2 using 24 mm/h recording speed. The time refe-
rence was given by hourly time marks provided from a Staiger Chrometron
quartz signal clock, zeroing the recording pens. The clock has been control-
led periodically with a short wave radio time signal. A schmematic diagram
of the instrumental equipment is given in Fig.l, a recording sample showing
a small earth quake at 1978.11.01.21 UT is given in Fig. 2.

GRAVIMETER ACTIVE LOW
L298 PASS FILTER
&
12V 1 0.01V
POWER SUPPLY RECORDER
07
\ %”“““ Eg
24V 6V ! §
BATTERY QUARTZ SIGNAL =
CLOCK
[
|
1
TRANSFORMER SHORT WAVE
1OVAC /220V AC RECEIVER

Fig. 1: Schematic diagram of the L298 gravimetric
earth tide recording equipment
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Fig. 2: Recording sample of gravimetric earth tide obser-~
vations with L298, station Maracaibo, original
scale

3, Station Descriptions

3.1 Station Maracaibo

‘The station Maracaibo has been installed in the Estacidn de Gravimetria
y Sismologia, Escuela de Ingenieria de Geodésica, La Universidad del Zulia
(LUZ), Maracaibo (latitude 10.675°N, longitude 71.621°W, altitude 35 m).
The distante to the open sea (Golfo de Venezuela) is appr. 30 km. The gra-
vimeter has been installed on a pillar of concrete 0.7 m by 1.4 m, the
observation room was theromstatized to 18°C by a standard air conditionm.
. The maintenance of the station has been carried out by H. Drewes and
C. Badell (Escuela de Ingenieria Geodésica, LUZ). The observations have
been carried out from 27. June 1978 until 24. November 1978 (150.5 days).
Problems occured by several breaks of the electric power, a defect of the
air condition after 24. October and a defect of the quartz signal clock
after 1. September (replaced at 6. October by a digital quartz clock built
at the elctronic laboratory of the Escuela de Ingenieria Geodésica).

3.2 Station Llano del Hato

The station Llano del Hato (Venezuelan Andes) has been installed in the
observatory of the Centro de Investigacion de Astronomia (CIDA), Llano del
Hato (latitude 8.80009N, longitude 70.867°W, altitude 3600 m). The distance
to the open sea (Golfo de Venezuela) is appr. 230 km. The grav1meter has
been installed on a pillar of concrete with appr. 2 m diameter in an astro-
nomic dome, the observation room was not thermostatized. The maintenance of
the station has been carried out by H. Drewes (Escuela de Ingenieria Geo-
desica, LUZ) and G.E. Becerra, F.J. Pereira, N. Abuhalasky, J. Cova (CIDA}).
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5. Instrumental Phase Lag

The frequency transfer function of the complete recording system (gravi-
meter, filter, recorder) has been determined in 1974 by Fourier transform
of the recording systems differentiated step response (WENZEL 1976). The
determination has been repeated in 1980, the results agree within +2-1073
for the amplitudes and +0.09° for the phase lags (see Table 1), Thus, the
instrumental phase lag has not significantly changed between 1974 and 1980.

Table 1: Frequency transfer function of L298 earth tide recording
equipment (gravimeter, filter, recorder)

1974/11/10 1980/05/05
Wave Freq?ency Amplification | Phase Lag| Amplification | Phase Lag
o/h 0 0
Q1 13.40 1.0017 0.85 1.0022 0.78
ol 13,94 1.0014 0.86 1.0018 0.78
M1 14,50 1.0012 0.86 1.0015 0.77
K1 15.04 1.0007 0.86 1.0015 0.77
J1 15.58 1.0005 0.87 1.0014 0,78
001 16.14 1.0003 0.87 = 1.0013 0.80
2N2 27.97 0.9957 0.97 0.9973 0.94
N2 28.44 0.9955 0.97 0.9971 0.94
M2 28.98 0.9954 0.98 0.9969 0.95
L2 29.53 0.9952 0.98 0.9968 0.94
S2 30.00 0.9950 0.99 0.9967 0.95
M3 43.48 0.9920 1.09 0.9942 1,11

6. Analysis of Observations, Results

After digitizing the earth tide recordings with hourly distance, the
digitized values have been calibrated using the calibration functions shown
in Fig. 3 and Fig. 4. Some gaps with a duration of 6 hours at maximum have
been interpolated by predicted tides, using preliminary tidal parameters.
The computation of tidal parameters has been carried out by least squares
adjustment using a program developped by CHOJNICKI 1973 and modified by
WENZEL 1976, the errors of the adjusted tidal parameters have been estima-
ted from a Fourier spectrum of residuals (e.g. WENZEL 1976, WENZEL 1977).
The gravimeters drift is given in Fig. 5 and Fig. 6, showing in the station
Maracaibo an average drift of -5 pGal/day and irregularities correlated
with defects of the air condition. The drift in the station Llano del Hato
is up to —-26 uGal/day, probably due to the larger variation of the room
temperature. The noise of the observations (rms of residuals) in the
station Maracaibo is +1.1 pGal, which is comparable to earth tide observa-—
tions with the same equipment in Hannover (e.g. WENZEL 1976). The noise of
the observations in the station Llano del Hato is +2.2 pGal, obviously due
to the poorer station conditions. The amplitude spectra of the residuals
are given in Fig. 7 and Fig. 8, displaying in both stations the highest
peaks in the half daily band, associated with the maximum tidal energy in
that band. Remarkable peaks occur also for both stations in the third and
fourth daily band. The average amplitude of the noise ig 0.07 uGal in the
daily wave band, 0.13 pGal in the half daily wave band and 0.06 pGal in the
third daily wave band for the station Maracaibo, and 0.24 pGal in the daily
wave band, 0.46 pGal in the half daily wave band and 0.24 pGal in the third
daily wave band for the station Llano del Hato.

The adjusted tidal parameters are given in Table 2 and 3, showing signi-
ficant deviations of the amplitude factors and phase lags from a global
model (amplitude factor 1.165 and 0° phase lag), clearly reflecting the in-
fluence of the ocean tides (attraction and loading). Due to the lower accu-
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Fig. 5: Drift (low pass filtered observations) of L298 in the
o station Maracaibo
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LGal DRIFT L298 LLANO DEL HATO
A
300 -
!\%
.
a
200 + \o/
[o%
73
100 A
27 15 10, 15, 20\ 25. 30.1 5. 1b. 1%. z‘o. ;2'5, 363.
0 A DECEMBER 78 JANUARY 79
AN
AN
\
LS
\\
-100 A

Fig. 6: Drift (low pass filteved observations) of L298 in the
station Maracaibo
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Fig. 7: Fourier amplitude spectrum of residuals, gravimetric earth
tide cbservations with 1298 in the station Maracaibo
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PROGRAM ET6  CHOJNICKI-WENZEL

GRAVIMETRIC EARTH TIDE STATION NO. 7202 MARACAIBO LUZ/VENEZUELA

10,6758 71.621W H35M  VERTICAL COMPONENT

ESCUELA DE INGENIERIA DE GEODESIA, LA UNIVERSIDAD DEL ZULIA
INSTITUT FUER THEORETISCHE GEODAESIE, UNIVERSITAET HANNOVER
GRAVIMETER LACOSTE~ROMBERG NO. G298  PROF. TORGE HANNOVER

1978.06.27 - 1978.11.24
INSTALLATION
MAINTENANCE

NUMBER OF DAYS
ESTIMATION OF NOISE BY FOURIER SPECTRUM OF RESIDUALS

DAILY WAVES

HALF DAILY WAVES

H.-G.WENZEL/W.TORGE
H.DREWES/C.BADELL

CALIBRATED BY SPINDULUM DISPLACEMENTS
INSTRUMENTAL PHASE LAG CORRECTED

150.5

0696 MICROGAL

- 1336 MICROGAL

THIRD DAILY WAVES .0550 MICROGAL
ADJUSTED TIDAL PARAMETERS

NO., FROM TO WAVE AMPL, SIGNAL/ AMPL . FAC, PHASE LAG
MYGAL NOISE R.M.S5.E, R.M.5.E,
129 193 01 2,5319 36,3799 1.1712 1.0703 Qi
.0333 1.5749
2 194 219 01 13,5743  195.0420 1.2021 6912 01
. L0062 .2938
3 220 241 Ml 1.0422 14,9749 1.1737 -10,2035 Mi
) L0784 3.8261
4 242 273 PISIKI 19,1878 275.6985 1.2082 -,4436 PISIKI]
.0044 2078
5 275 296 Ji 1.1098 15.9462 1.2501 L4820 Ji
. 0784 3.5931
6 297 333 001 6913 9.9335 1.4217 10,7710 001
L1431 5.7680
7 334 374 2N2 2.4706 18.4908 1.1159 4.3102 2N2
.0603 3.0986
8 375 398 N2 16,4582 123,1775 1.1868 1.3821 N2
.0096 L4651
9 399 424 M2 86,7031 648.9075 1.1970 1.0447 M2
.0018 .0883
10 425 441 L2 2.2850 17.1013 1.1160 =.6742 L2
. L0653 3.3504
11 442 488 S2K2 40,7353 304.8727 1.2088 .2500 S2K2
.0040 . 1879
12 489 503 M3 1.5372 27,9455 1.1001 6699 M3
0394 2.0503
MEAN SQUARE ERROR 1,146 MICROGAL DEGREE OF FREEDOM 3537

Table 2: Adjusted tidal parameters, station Maracaibo



PROGRAM ET6 CHOINICKI-WENZEL
RAVIMETRIC EARTH TIDE STATION NO, 7203 LLANO DEL HATO/VENEZUELA

_08.800N 70.867W H3600M  VERTICAL COMPONENT

CENTRO DE INVESTIGACION DE ASTRONOMIA (CIDA)

INSTITUT FUER THEORETISCHE GEODAESIE, UNIVERSITAET HANNOVER
CRAVIMETER LACOSTE-ROMBERG NO. G298  PROF. TORGE HANNOVER
1978.12.06 - 1979.02.02

INSTALLATION  H.-G.WENZEL/H.DREWES

MAINTENACE H.DREWES/G.E.BECERRA/F.J.PEREIRA/N.ABUHALASKY/J. COVA
CALIBRATED BY SPINDULUM DISPLACEMENTS

INSTRUMENTAL PHASE LAG CORRECTED

~ NUMBER OF DAYS  56.0

" ESTIMATION OF NOISE BY FOURIER SPECTRUM OF RESIDUALS

DATLY WAVES .2331 MICROGAL
HALF DAILY WAVES .4625 MICROGAL
THIRD DAILY WAVES .2434 MICROGAL

ADJUSTED TIDAL PARAMETERS

NO. FROM TO WAVE AMPL,  SIGNAL/  AMPL.FAC. PHASE LAG
MYGAL NQISE R.M.S.E, R.M.8.E.
1 129 193 QI 2.0459 8.7753 1.1388 .2731 Q1
.1298 6.5292
2 194 219 01 10.8811  46.6725 1.1596 .9028 01}
’ » .0248 1.2276
3220 241 Mi .8234 3.5319 1.1159 ~7.1593 M)
L3159 16,2224
4 242 273 PISIKI 14.9089  63.9487 101297 -2.5394 P1SIKI
0177 L8960
5 275 296 J1 1.1047 4,7385 1,4976 9119 01
3160 12,0915
6 297 333 00l L8654 3.7121 2.1418 90.8700 001
5770 15,4347
7 334 374 2n2 2.0104 4.3472 .8974 ~,8724 2N2
. 2064 13.1800
8 375 398 N2 16,1860 34,9994 1.1535 -,8813 N2
: L0330 1.6371
9 399 424 M2 87.2443 188,6501 1,1904 L0056 M2
» L0063 . 3037
10 425 441 L2 2,7321 5.8077 1,3188 -5.6126 L2
, .2232 9.6985
11 442 488 82K2 40,0564  B6.6147 1.1748 ~1,2549 82K2
L0136 6615
12 489 505 M3 1.4953 6.1434 1.0512 -,3238 M3
A7 9.3263

MEAN SQUARE ERROR 2,174 MICROGAL DEGREE OF FREEDOM 1218

Table 3: Adjusted tidal parameters, station Llano del Hato
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On a donc décidé de créer la premiére station du profil Kiev-Artemsol

tres v et Ad, une perturbation due

©
i
o~
o
3
]
=
i3
£—¢-

Q
au relief auralt pu se manifester dans ces paramétres. Un site approprié
a &té trouvé sur le territoire de Kiev-Petcherskii et est désigné ici
sous le nom de "Kiev”. Il est situé sur la rive droite abrupte du Dniepr,
coupée de profonds ravins. Les observations sont effectuées dans deux
grottes distantes de 270m 1'une de 1'autre guil sont creusées, la plus
proche dans la pente NE d'un ravin profond, et la plus @éloignée dans le SW.

La profondeur & laguelle sont installés les clinom@tres Ustrovski est

d’environ 10m pour la plus proche et 16m pour la plus lointains.

La Table I donne les valeurs vy, A¢ pour 1'onde M?g la moins perturbée

par les effets météorologiques (2].

TABLE I. Paramatres v et Ad de 17 onde M? pour la station Kiev ipmﬂ/mé ol

e,

p et m sont le poids et 1'erreur quadraticue moyenne de vJ.

Nord-Sud Ouest-Est
Site
Y Ad Y Ag
Grotte proche 0.782+0,033 +0.,17°+2.886° 0.758+0.024 -2.54°+1,80°

Grotte éloignée 0.627£0.017 +3.06 +1.37 0.679+0.058 -8.42 £2.96

moyenne vecto-

. o s 0.659+0,0863 +2.34 £1,12 0.746+0.030 ~3,30 21.77
rielle pondeérée

Malgré la faible précision de ces résultats, on volt gu'en ces deux
points distants de 270m les param@tres différent sensiblement. Cecl ne
s'explique pas par des erreurs instrumentales [1].

Le relief peut influencer:

1- directement, en tant gque zone affaibllie d'un ravin profond

2- par une onde météorologique diurne importante

3- & cause de phénoménes de glissement amplifiés dans les
pentes abruptes (le bloc dans lequel sont creusées les grottes
est probablement divisé par des failles et des nappes agueuses

provenant de grande profondeur]).

Nous avons déduit de nos observations & Kiev gue le relief accidenté

perturbe sensiblement les param@tres de marée et c'est pourguoi de telles
régions ne conviennent pas pour obtenir les caractéristigues de maree

régionales.
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Nous avons cholsi wltérisurement des endroits plats, & relief adouci,
loin de constructiops importantes. 11 a sussi fallu chercher des sites ol
les gilsements d'eau spouterrsine ne sont pas plus profonds gus 15m pour

protéger des inondations les appareils installés dans les galeries [1].

D'autre part le couche o'eau situde au vodsinage peul Bire une source
de perturbations et cecl n'a pas permis de satisfalre toutes les exigences
d'installation idésle.

Dans tous les cas les ravins 8talent situés au moins 8 2 & 3 km du lieu
de creusement des galeries., Chevichenkovo présente les conditions de relief
idéales [3]: dams un raeyon de plus de 1km la surface du sol ne présente

aucune inclimaison. Dans les sutres stations nrédomine un relief adouci.

La station de Bieresovayz-Roudka [4] sest dans ure plaire gui s'étend
loin vers 17E-5Wy 11 v a, vers le Nord, & 200m environ, un ravin abrupt de
10m derriérs lequel se trouve une prairie marécsagsuse,

La station Pokrovskaya-Bagatchka [5]se trouve sur un terrain qui
s'étend du Nord au Sud en pente douce et dont 1a plus grande inclinaison

est d'enviren 3° prés de la galerise.

La station Caterinovka [B] est dans une situstion analogue mails la
pente v est moindre et, dans un rayon de 50 & B0m autour de ls mine la
surface est guasi horilzontals,

La station Carlo Libknechtovsk sst dans une mine de sel, & une
profondeur de 120m [1]. Prés de ls zore ol se font les observations est
situde une vallée fluvisle peu profonde. '

A 1'0Observatoire graviméirigue ds Poltave on feit les observations dans
deux caves creusées dans uns zore en pente douce prés d'un rulsseau dont
la rive est asbrupte {7,871,

Dans la plaine Dniepr-Donetz les ohservations sont terminées en deux
autres points, VYelikié Boudiche et Soudlevka, appérténant au profil
Soumi-Kherson, réalisé par un groupe de 1'Observetolre gravimétrique de
Poltava sous la direction de P.S. Matvéev [ 8],

A Velikié Boudicha il n'y & asucune pente dens un cercle de plus de
100m prés de la mine. A Soudlevka elle ne dépassé pas 1°. Les ravins les

plus proches sont situgs & environ 500m.

Un court examen du relief dans les environs de nos stations montre
gue les résultats & Chevtchenkovo et & Carlo Libknechtovsk sont affranchis
de 1'effet topographigue.
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Dans les autres cas on peut s'attendre & des perturbations qui

ne pesuvent

tout de mBme dépasser la dispersion des paramétres v. Ad. La Table 2

rJ:

donne ces param@tres pour MZm On notera gue dans les stat!

ons de Velikie

Boudicha et Poltava I des perturbations peuvent égelement provenir des

gaux souterraines.

'TABLE 2. Parametres y et Ad de 1'onde M5

Composante NS

3
3
o
=
=,
&
EJ
M
S‘

Beresovaia Roudks

0,712%0.005 -1,20°%0,78° | 0,718+0.005

Pokrovskaya Bagatchka | 0.684+0.008 -1,00 +0.62 0.747+0.,008 | ~4,80 +0.74

Chevtchenkovo 0.899+0.008 +0.57 =0.94 0.71020.007 1 -4.18 £1.08
Caterinovka 0.688+0.008 | ~-1.12 20,94 | 0,794:0.006 | ~0.53 +0.48
Carlo Libknechtovsk 0.688+0.003 | ~0,32 1,26 | 0.718+0,003) ~1.11 %1.39
Soudievka 0,679+0.001 +0.78 0,12 | 0.719+0.002 ) -3.82 £0.1

Paltava 2 0.681+£0.025 | +0.75 #1.40 0.689740,021( ~0.48 £3.82
Poltava 1 0.69620.017 | -0.84 *0.74 | 0.680+0,007 | +0.43 20,61
Velikié Boudicha 0.6842+0,004 | +0,22 *0.35 | 0.701+0.004 | -5,10 +0.21

Si 1'on rejette les résultats de ces deux statlons on peult cons
comme limites supérieures de 1l'effet topographigue sur v: 5% en
en EW. 51 on considére qu'a Poltava la précision est faible, al

limites se raménent a 1%.

or

Depuis 1976 L.E. Khassiliev s'occupe de recherches orig

le domaine des effets de cavité et de topographie. Il a examingé

idérer
NS et 3%

Ors Oe28

ues dans

d’un

point de vue personnel, en comparalson avec la méthode des &€léments Tinds

utilisée par Harrison [18], le probléme de 1'influence du relief

élaboré un algorithme pour le calcul des effets topographigques.

D'aprés cet algorithme Doublko a composé un programme sur

$

qui a permis de déterminer les corrections pour six de nos statid

Avant tout 11 fallait déterminer le rayon du cercle dans

fait sentir 1'influence «wu relief sur les paramétres v et Ad da

i

mesure compatible avec la précision ectuelle. Plus grandes sont

dénivellations, plus grand doit 8tre ce rayon

et 11 a

ordinateur

LONSe

leguel se

ns une

les

-4,23°40,51°
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I1 résulte de ce travail [16] gue 1'influence de 1a topographise diminue
trés rapidement lorsgue croit ls distance sux instruments, O'est pouround
dans une premiére phase nous avons cholsi d'effectuer les calculs dans
les deux variantes pour guatre stations: Beresovaie Roudka, FPokrovekaya
Bagatchka, Velikié Boudicha et Soudievka qui ont un relief sensiblement

différent auprés dés galeries,

Dans la premiére variante on a tenu compte du relief dens un cercle
de 100 m de rayon (zone voisine). Dans la seconde variante om a &tudié
1'anneau de 100m & 4000m (zone 6loignée).

Dans un rayon de 100 & 200m on & fait un levé tachéométrique et on
a établi un plan & 1'échelles 1/500 avec des lignes de niveau tous les
0,25m. A.N. Koutnii, V.G. Balenko et A.N. Novikova ont effectué ce
travaill.

Pour le calcul de la zone lointaine on a utilisé des cartes topogras
phigues au 1/25000 sur lesguelles on a reporté les lignes de niveau tous
les 2,5m. On y & relevé les accroissements en rayon tous les 5%, Sur eette
base Khassiliev & calculé les effets topographigques donnés & la Table 3
qul montre que 1'apport des zones lointaines est trés faible par rapport

aux zones proches et qu'il est du niveasu des srreurs ds caleul.

'TABLE 3. Corrections topographigues aux constantes harmonigues des incli-

neisons de marée semi~diurne dans la réglon Dniepr-Donetz,

A . ACAD]
Stations

4 2 3 1 2 3
o S Composante NS
Beresovala Roudkak -0.0074 ~0.0015 ~0,0088 0.03° 0.04% 0.07°
Pokrovskays Bagatchka | -0.0248 -0.0028 -0.0276 0.34 n.02 0.37
Soudievka -0, 0071 =0, 0010 =, 0081 .04 -0.03 ~0. 01
Poltava - - -0.0024 - - - 0.81
Velikié Boudicha -0.0008 D. 0008 0.0002 0,08 0.08 0.4

Composante EW

“Beresovais Roudka - -0.0018 0.0002 -0.0044 | -0.03 ~0.03 ~ﬂ.05.
Pokrovskaya Bagatchka| -0.0058  -0.0008  -0.0067 | -0,30  -0.08  -0.40
Soudievka -0.0017 -0.0002 -0.0018 |, 0.02 -0.01 0.01
Poltava - - -0, 0013 - - 0.80
Vellkié Boudicha ~0.0004 0. 0001 0.0003 ~0.08 -0.08 =016
Kemanques e

1~ apport de la zone proche de rayon 100m

2- apport de la zone lointaing, annsau de rayons

3- apport total

100 & 4000m

By » @ v
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Comparant les erreurs sur les moyennes vectorielles avant et aprés

xi‘

,..»..

application des corrections tcpographiques on observe une certaine dimi-

a
nution gul témoigne -de la réalité des corrections Iintroduites.

Une petite diminution de la divergence, indigue d'une part leurs
erreurs importantes et d'eutre part confirme une fois de plus que, pour
les ations clinométrigues, (cf table 2) 1'influence perturbatrice de la

topographie est faible en comparaison des autres facteurs.

Pour augmenter la précision des calculs des effets topographigues
11 faut connaitre toute une série de valeurs [14,16 Jgu’il est impossible
d'atteindre sans renchérissemant important des traveux clinométriques.

o

C'est pourguol dans la sulte les stations climométrigues visant & obtenlr
les valeurs réelles de v, 00 pour 1'étude des effets océaniques indirects,
tectoniques et autres 11 faut cholsir des endroits de relief calme:

dans un rayon de 100 & 200m ls pente ne doit pas dépasser 1° et des ravins

2

ne peuvent se trouver plus prés gue 500 & 1000 métres. Cles

i

J%

t seulement dans
ce cas ou'ill suffit sans doute de calculer aveo précision l'influence du
relietf. Les résultets obtenus dans les statlons clinométriques ne satisfal-
sant pas & ces conditlons ne peuvent 8tre interprétées & misux qu'une
décimale. C'est pourguol elles sont peu utiles pour les recherches géaophy-
sdgues. Nous examinercns par exemple les résultets obtenus & Pokrovskais
Hagatchka situte dans une large fracture limitée au Sud par le confluent
~Donetz [1]. Avant 1'introduction de la correction topographigue
{(Table 2) la valeur vy représentative en ce polnt correspondait aveo la
valeur régionale [1]. La correction est de 4% et conduit & une valeur y qui
différe sensiblement de la veleur régionale. Dans ce cas nous ne pouvons

déterminer & une décimale la vaelidité d'une de oes deux varlantes.

I1 =8 peut gu'en cette station on alt une compensation exceptionnelle
des effets topographigues et tectonigues mals 11 est aussl pos
nous observions les résultats des erreurs sur le calcul des effetes Topogra-

phigues & cause de l'absence de données slres guant aux particularités sous

jacentes de la galerile, (couches géologigues et saux souterraines].

Nous comparerons alors cing veriantes les plus Intéressantes de moyennes

présentées dans la Table 4.



TABLE 4. Constantes harmoniques moyennes de M? obtenues dans la région

Dniepr-Donetz (p: poids, m: erreur quadratique moyenne)

Composante NS Composante EW

Type de moyenne
Y ho Y Ad

1 moyenne vectorielle
pondérée p=1/m?
- pour six stations du
profil Kisv-Artemsol 0.694+0.004~0,52°+0.24,0.716+0.001! -2.,19°+0,

- pour toutes les
stations de la Table

NI

0.661+0.008]-0.02 +0,30}0.715+0.003|~3.20 +0,

2 moyenne vectorielle
pour p=1:

= pour les stations de
la Table 2 exceptsd
Velikié Boudicha et
Poltava 1 0.680+0.008]-0.08 +0.37!0,713+0,003]-3.15 0.

- ddem, aprés correction
topographigue 0.883+0.008] O,

N
(52}

0,421 0.71120.003] -3.37 %0,

3 moyenne arithmétigue
de toutes les stations
de la Table 2 et des
stations Kiev, Samotoiesvka
[M2]1tirées de [1] 0.890+0.004|-0.11 *0,43|0,714+0,002] -3.38

I+
jue

73

73

76

70

[ay}
-3

Par l'analyse des données de la Table 4 il faut pour chacune des
directions gue les moyennes correspondent dans les limites des erreurs de
détermimation.

En NS 1’erreur sur y est de moins de 0,8% et en EW elle est de 0,5%.

Aussi le choix de la valeur la plus slre est difficile. Toutefols malgré

la faible valeur des corrections topographigues et la précision médiocre de

leur calcul pour Pokrovskaia Bagatchka, 11 faut donner une préférence & la

quatriéme ligne de la Table 4 car: |

1. dans toutes les stations la surface est plane ou est en pente NS, Dans
le dernier cas les clinométres ont travaillé sur le bord Sud de la zone
affaiblie et les observations donnent une valeur trop forte de vy [13].
C'est pourquoi, pour la direction NS les corrsctions topographigues doivent
8tre négatives. La Table 3 montre qu'il en est ainsi.

Z. pour la partie centrale de 1'Ukraine on a obtenu dans la direction EW:

Ap %= -3°, Ce retard disparait aprés correction des effets océaniques




(%]
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[1]. Les stations Poltava 1 et Poltava 2 sont des exceptions (Table 2).

Le calcul de 1'effet topographigue augmente 1cl le retard de phase de

0,9° et le repproche des valeurs obtenues & Velikié Boudicha, Soudievka,
Chevtchenkovo et Pokrovskaia Bagatchka,

La guatriéme ligre de la Table 4 ne contient pas les résultats de Velikieé

Boudicha et Poltava 1 gui sont perturbées par les eaux souterraines.

Ainsi, en 1880, pour la région concernée, on a abtenu sans les corrections -

peéanigues: .

en NS vy = 0.683 * 0.006 Adp = 0.15° £ 0.42°
an EW v o= 0,711 + 0.003 Ap -3.37° % 0,70°
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