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A «eneral discussion about the noraalization of «raviaeters
in the Iberian gravity tide profile

R. VIEIRA; J.M. TORROJA and C. TORO

vith 1 figures and 7 tables

Vieira, R.; Torroja, J.M. &: 'roro, C.; 1985: A general dis-
cussion about the nonaalization of «ravimeters in the Iberian
«ravity tide profile. Proceedings of the Tenth Internabonal
Syapoaiu. on Earth's Tides, pp. 165-176.

Absfract: The interpretation of gravity tide observations
ia conditioned by reasons vith different origins; the instru-
aental problems, the theoric hypothesea aas_ed, the peculiar
characteristics of the «eographic zones vhere the observations
have been aade, the OVD station conditions, the influence
of phenomena relationed vith the observable, as the oeean
tide or the a tmosphera effects, ect., are c í rcuast.ances to
be studied closely if ve vant to get the geodetic and geophysi-
cal infonaation that these cbscrva t í cns have. In the Symposia
at Bonn and Nev York as in several articles published, ve
have dealed vith some of these problems; in this paper,·
ve expose soee considerabons about precision and ca Lí.brat í on
of the gravillleters used in the so called Iberiam Netvork
of Gravity Tides Stations, and about the lIIodeldet er-aí nat.Lon
of the fundamental station at Valle de los Caídos as vello
Keyvords: gravimeters, calibration,. f'undaeentaI station.

INTRODUCTION

In
gravity tides
1977) covered
as auch froa
geodynaaic, «eodetic, oceanographic, e t c ,, interpreta tion
one too. The project is based in the gravity tides observation
in a station netvork spread throughout the Iberian Península,
Balearic Islands and eanary lsles, vith & density of one
station per 250 ka approxillately in the peninsular land.
The present state of this observations can be leen in Figure
1.

1973 ve started a vide research project on
in Spain; the scientific aills (Vieira et al.,

a great part of the probleas established,
the observational point of view as froa the

Tho observation precision ia logically dependin«
on the type. of grayilleters used, the characteristics of
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eacb station, as aucb froa the point of Tiev ol peculiar
cbaracteristics tbe obseryation place as its care and aaintenan
ce quality, and pbysical paraaeters precision of tbe systea knov
in eacb aoaent,tbat's to say, tbe deteraination of tbe suppoaed
constants oí equipaent noraalization. The deteraination
precision oí tbe graviaetric factors and tbe diíferent baraonic
pbases vbicb can be separated by analytic aethoda vill depend
on this last condition. The instruaents ve haye used in
the obseryations are speciíied in :rabIe l. All of tben are
relative graviaeters used in thís kind oí Iravity tide profile
researches. Soae oí tbea haye been aodified alonl tbeae
years looking for the best developaent of their possibilitiea.

Grayaeter Askania GS-15 nO 212
Graviaeter LaCoste aoaberg aod. G. nos. 301, 434 and 665
Gravaeter Askania GS-15 nQ 212, zero aetbod **
Gravaeter LaCoste Roaberg aod. G nl!434 vith autoaatic control.
Gravaeter LaCoste aoaberg aod. ET nl!IS ***
Grayaeter LaCoste aoaberg aod. G nos. 434 and 665 zero aetbod****
Graviaeter LaCoste Romberg aod. G nos. 402 and 487 zero aethodH*itIt

* (Laabás, F.j Vieira, R & Giaénez, E.j 1983)
** (Orejana, H. & Vieira, R.; 1983)

*** Colaboration vith tbe 1.0.5. of U.K.
**** Modified by Dr. Van Ruymbeke of O.R.B.

***** Colaboration vith O.R.B. in tbe Kevo-Brussels-Hadridprofile

Table 1
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In tbe Tab1e 2 tbe instruaents distribution is given.

stltlOIS af TIE lBEllAI tlCAl &al'IT' PtaflLE

•• - 1 • 11 • • • ¡ut•
0401 Vall, 4 05 40 23 1280 350 2200 •
0402 Ihclriel 4 U 40 16 630 310 1000 ••
0403 Gra.ada 3. 22 37 07 774 50 150 l30lU212
0404 Santand.r 4 49 13 27 25 O 132 lU4
0405 Burgos 3 43 42 21 850 120 166 A212
0406 S. rernando 6 15 36 25 25 O 90 l434
0407 S.púh.da 41 U 18 1040 240 160 A212&l301
0408 Arcas 2 08 40 00 990 170 180 l434
040g Cubillos 5 41 41 34 667 220 190 UOl
0410 Toleelo 4 02 39 52 512 320 130 L301
0411 Santiago 8 33 42 52 250 40 180 UOI
0412 Carbon.ro 4 16 41 07 920 315 90 l434
0413 c. Real 56 38 59 600 HO 180 UOI
0414 S. lld.foftso 4 00 40 54 1191 280 120 UOl
0415 aarcelona -2 05 41 30 200 20 240 l301
04 J6 Puplona 40 42 48 450 50 230 l434
0417 Calata,ud 37 41 22 500 2H 230 l301
0418 Pin.nda 6 05 40 02 657 236 250 l434

(l ••• h) coordinatu
el:aproKiaat. distanc. to the ••ar.st Sta
t: aos. fof da,s of r.cording

• A212; l301; l434; l665; lEl15
•• A212; l434; l665; l487-0; l402-0. l434-0; l665-0

Tabl.e 2

FUNDAMENTAL STATION 01' TIIE NEniORlC

All· tbe observations aade are referred to vbat
ve bave defined as fundaaental station in Valle de los
Caídos (Vieira, 1978).
froa tbe beginning of

The station at Valle is vorking
these researches in 1974 and the
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&rayi~eter. used ter the ebaervatioDI lD the Detvork haye

been periodica.ll1 installed there, 100kiD& fer the a~xil!lun

hoao,eneit1 in tbe results. Tbe Madrid Itatlon. 40 ka sootb-

vards froa V~lle, hl\li been us ed as &n auxiliar fundamental

st~tion s í ec e Madrid tlali an observation point oí tbe North-

Soutb of Europe prof i le betve en Keyo- Brus se 1s -Mtidr id

due to peratiYit1 circunstances (Ducarae et al., 1985 a).

Tbe fundaaental constant vbicb pcrait te define a 80del

for Valle station have be en deterained coaparlng ",itb t he

fundaaental statlon at Brussels (Ducarae, 1975); for t ha t ,

&raYiaeters ~roa the Institute of Astronoa1 and Geodesy

haye been reaoyed to Royal Observtitery of 8el,iu8 tbree

tiaes iD order te deteraine their constantl and then to

define the aodel correspondin, to tbll Itation by aeans

o! .n observation stage in Valle. Tbe experiences vere

carried out accordin, to the scbeae in rable 3. The values

IOIlUIUlIO. Of 5IUIIElUS 11 ••• ssns
ASI IiS-lS nl211
elulcal s,.t •• H/07/01 74/12/21

IORRAllZATIOI FACTOR: 1.06097

PHASE lAG

ASI &$-15 .1212
••• S,H ••

7e/Ol/lIt 71/09/21

10lRAlIZATIOI fACTOR: 0.99951

L.C •••• o~. , .1 414 78/03/14 78/09/28

10lRAlIZATIOI FACTO.: 0.91156

P.NASE lAG 01 1.0l '2 1.00

L.C.I ••• 4. , ~ 665-0 8H10/U 85/02/27

IOUAllUtlOI fACTO.: 1.00000

PUSE L"

TabIe 3
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fro. tbeae obaeryatioos tbat ver'e asair;oed to Valle statioo
aod tbat bave aerved to deteraine the eoostanta of all
the ¡raviaetera used io the Iberian Netvork are:

(1)

SQotE COHMENTS TO THE VALLE DE LOS CAlDOS MODEL

Tbe values assir;ned to the base .of Valle de los
Caídos have been obtained eo.paring vith Brussels as ve
have coaaeoted hovever, ve believe suitable to stand out,
soae poiota:

1. Apart froa the experiaents vith Brussels, collabora-
tior; vitb the Institute of Oceanographie Sciences
of U.K. the LaCoste Roaberg graviaeter aod. ET
n9 15 vas reaoved to Valle station rer;istering
during 7 aonths. The analysis results of tbese
observations aade in Bidston and Madrid have been
on discussion for soae time due to the existing
indeteraination in the normalization factor of
this ¡raviaeter. The value of
given v~s later aodified by 1.0145
Dr. Baker eonfiraed us 1.0075
after the experi.ents .previous to

1.0075 initially
and aore recently

as optiaua value
the transforaation

to electrostatic feedback systea aade in U.S.A.
in 1982 (Baker, 1982). Having in aind this noraaliza-
tion factor, there is a difference of excess aaplitude
about 0.8% betveen the value deterained froa Brussels
and the one obtained froa the Institute oí Oceanogra-
pbic Sciences graviaeter. Tbe phases, hovever,
are practically tbe saae as auch in the diurnal
frequencies as io tbe seai-diurnal ones.

2. The results obtained f.roa the astatic La Cos..te Roaberg
graviaeters aod. O have not fhbility bi¡ger thao
1% in aaplitude and 0.50 in phase, and so having
the bir;gest care on doing the observations in optiaun
conditioDs. The reason for tbia iaprecision is
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basically the iapossibility to preserve in tiae
the equilibrium inner conditions of the syste.
variations in the aass relative positions respect
to the structure, that's to say, pendulua's slope
an&le variations, produc~ si&nificative chan&es
in the noraalization factor in aaplitude and phase,
even vithin the interval of les s sensibility to
slope.

3. The aodification made in 1979 to the Askania graviae-
ter turning it to a zero instruaent, has substantially
iaproved the characteristics of this instruaent
that along five registerin& years, in Valle station
has aaintained a significative constancy in its
sensibility and, as a consequence, it presents
an appreciable hoaogeneity in the results of the
total and partial analyses aade during this long
tiae periodo

4. We aust point out that the LaCoste ·Roaberg graviae -
ters aod. G have be en notably iaproved tansforaed
into a zero instruaent by Dr. Van Ruyabeke (Van
Ruyabeke, M., 1985) according basicly to Harrison
and Sato procedure (Harrison and Sato, 1983) as
ve couLd see after the analysis 01 the observations
aade in Madrid vi th the LaCoste Roaberg gr,!-viaeters
aod. G. nI! 402 and 487 frola R.O.B. and n9 434 and
665 froa I.A.G., these la~t tvo still being in
a taking data period. These observations have be en
taken vithin the collaboration project of Kevo-Brussels-
Madrid profile. Values of a.~litude and phase for
01 and "2 obtained vith these four iDstruaents
are shovn in Table 4, considering a noraalization
factor of and corrections 0:( null phases in the
graviaeters n9 402, 487 and 665, and a Doraaliz:ation
factor of 0.99212 for the LaCoste Roaberg graviaeter
aod. G n9 434. The aean values for aaplitudes and
phases of 01 and M2 of four gravi~eters a,t Madrid,
as the typical deviations and variants are given
in Table 5. Thesevalues are very near in aaplitude
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l.l. -1 &111 ·z elZ -1 ·Z-.~ al --.-
~02 1.1495 -0.48 1.1483 4.38 1.0112 0.9989

0.0014 0.07 0.0007 0.04

487 1.1503 -0.60 I.IBI 4.31 1.0129 0.9955
0.0023 0.11 0.0012 0.06

665 1.1411 -0.5~ 1.1458 4.25 1.0089 0.9976
0.0010 0.05 0.0005 0.03

~34 1.1488 -0.60 1.1~58 L19 1.0188 0.9973
0.00210 0.12 0.0009 0.04

Table 4

6 (o 1) 1.1492 -4 2 -7- a _
9.0.10 a - 6.6&10

-2 2 -3.c ( 01 ) --0.55
a _ 5.0.10 a _ 2.4&10

6(112) 1.1462 -3 2 -6- a - 1.~.10 a- 1.5.10
K (112) 4.28 -2 2 -3- a - 8.0alO a - 4.9&10
6(01)

1.0128 -3 2 -S- a - 4.la10 a - 1.4&10
6(ll)
6(112)

0.99H -3 2 -6- G - 1.0.10 a _ 1.4&10
6(01)

Table 5

to tbe ones accepted for Madrid and Valle de los
Caídosi altbougb they are inferior in

in the seai-diurnal coaponent
in 01. Tbese result~ seea to

if ve bear in aind tbe ones obtained

M2
be

phase
and

about
about0.50°

0.25 confiraed
for Brussels

froa observations in R.O.B. vith LaCo~te Roaberg
graviaeter aod. G. 665 aodified as zero instruaent,
froa october 1984 to the end oí february 1985,
before its installation in Madrid. Tbese results,
given in Table 6, are very close to the ones obtained
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GRAVINETEI LACOSTE ROMBERG Gt 6~~ -ZERO METHOD.
STATIOI: BRUSSELS
PEIIOO: 20/10/1g8~ to 26/02/198S

6(01) - 1.1 SU
0.0011

6(112) - 1.1842
0;0009

1C(01) --0.02
0.09

Sta.dard de.iation
D • 1.89 5.0.- 0.80

Table 6

in Brussels vith tbe supereondueting gravilDeter
(Ducarae et al., 1985 b) vith a difíerence in aaplitu-

.de oí 0.5% as íor 01 as "2 coinciding practicall)'
in pbaaes although tbese sbould be corrected about
0.(' íor "2 considering the classic aodel of Brussels.

5. lí ve extrapolate the values obtained íor Madrid
corrected in phase, to Valle de losealdos, bearing
in aind tbe coordenates dLf f erenc e and the different
oeeanic effect calculated froa Schviderski aa ps ,
and in the case of M2 froa the Iberian "2 aap, ve
vould obtain the following values of tbis station:

6 (01 ) '" 1.1490 0:<01) •• -0.20

6(M2 ) .. 1.1(44 ~M2) .. 5.11 •

That are about 0.5% saaller than the

noraali%ed ones witb tbe classie aodel oí Brussels.
This difíerence is like the one pointed out before
for the LR. 665 graviaeter in Brussels, tbat indicates
the good deteraination oí Valle constants b)' eoaparing
it vitb tbe claasic aodel of Bruasels and a luarantee
oí vorkinl oí the LaCoste Roaberg Iraviaeter aod.
G 665 transíoraed into %ero graviaeter~
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'h••) l 1 'c.,.JIII) • e

UlLE IDLOOUSn 50.1724 ~.502 101.7 ~9.46 1•.1435 5.11•••• U.I09I U.09 1.1351 5.n
[l' •• Eleno. 50.6062 U.U 1.1535 5.07

••0110 .OLOOUSn 50.~393 ~. 224 101.0 U.89 1.14H ~. 78
U" 50.0771 49.45 1.1371 4.81
[l'. IElenOI 50.6062 50.25 . 1.1556 4.73

TabIe 7

6. If ve consider Molodensky and Iiabr aodels and tbe
experiaental one by Melchior, and ve correct the
values correspondinr; to the oceanic effect accordinr;
to Schviderski, coaplellented vith Iberia M2 for
M2, ve find the results of Table 7 for this bar.onic
and Valle and Hadrid stations. Tbe values obtained
for 'MZ and IC (Hz) in Madrid vitb observations, and
in Valle vith extrapolation, Ht ver,! vell vith
tbe ones for Holodensky I aodel. beinr; about 0.8%
bigger tban Iihar lIodel and in tbe saae rate but
inferior to tbe results of tbe experiaental aodel
by Melcbior.
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An European T1dal Grav1ty Prof1le over a 30° Lat1tuda d1fference (Kevo-
Bruxalles - Madrid).
B. OUCAAME • R. VIEIRA • J. KMRIAlNEN

wlth 1 figure and 7 tables

Oucarms. B •• Vleira. R •• Ka~rla1nen. J •• 1985 :
Procaadin¡8 of the Tenth Internatlonal Sympos1um on E~rth Tldes.
PII. 199 - 212.

Abstract : Tidal gravlty measuraments have been performed ln 1984-85
at Kevo (North Flnland). Bruxelles and Madrld wlth two LaCoste-Rombarg
model"G grav1metars transformed lnto zara method lnstruments. All gra-
v1meters wara normallzad at Brussels.
Accordlng to the Wahr modelo a thirty degrees latltude difference
should produce more than one per cent dacrease of the ó factor between
Madr1d and Kevo.
Oue to the uncerta1nties ln tha oceanic"loadlng computat10ns we cannot
der1va f1nnconclus10ns for the semldlurnal wava5.
The lat1tude effeet 15 elear1y seen on the dlurnal waves betwaen
Bruxellas and Kevo but not between Madrld and Bruxe11es. It may be
concludad that local anomalles may eonceal the latltude effect.

Kaywords : Latltuda effeet. Indirect oceanle effect.

l. Introduction

Slnca Lova (1911), lt 1s wall r.nown that the tldcsl grc\vlmetrlc 6 factors
are latltude dependent. Wahr (1981) calculated the coefflclents of this oe-
pendenca for dlfferent Earth models.

A flrst experlmental conflrmatlon WdS brought by Me1chlor (1983) who
stud1ad the warldwlde dlstrlbutlon of the"o factors of the maln tidéll waves
ln functlon of the latltude. Thls an.llysls showed a good agreemen t in the
slopa of tha regresslon l1ne but él systematic disagreement of the arder of
one par cant for the constant termo Further 5tudias confirmed that faet
(Melch10r. Da Beeker. 1983). Howaver the scattering of the tidal"results ls
very larga comparad to the lnvestlgated phenomenon (Flg. 1) and on1y" sta-
tions at very h1gh or very 101011atltude may slgnlflcantly contrlbute to the
datarminatlon of thls latltude effect.(Vlelra. R •• 1981)
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It 1a a l'8UQf'I ..ny W8 dec1d8d te observa •• tidill &ravUy proflla axtan-

dio¡ ovar a ran¡8 01 30- of laUtuda 1n Europa fl'Olll I'\adrtd (Spaiol te Kavo

(F1nlandl. The forecaatsd laUtude effeet 15 larg~r than one per cant and

reaches already 0.75 per eent between Brussels and Kevo (Table 1). Unfortu-

nately. 1n tha aanlidiunwtl t1dal bando the ~l1tudes bBCOlll8very low at

h1gh latitude ("'2 reac:hes only 10 ¡¡gal at Kevo. but 30 ¡,Igal at Brussels and

40 ¡¡gal at P\adr1d).

It 15 thua necassary to reach a pree1s10n better than 0.1 ¡¡gal en the

correction of the ocsan1c 1nd1rect effeets at Kevo.a prec1a10n wh1ch cor-

responda to 1Q per cent of the computed effect. Such a prec1a10n 1s probably

not 1naured ~e to the 1mparfect knowledga of the ocean1c t1des 10 the An:-

t1c Oesan.

WalllUat tharafora me1nly rely upon tha diurnál aarth Uds. wh1ch ara

tw1ea lorzar than the sillll1diunwtl one. at this lat1tuds and wh1eh ara d1a-

turbad by ft.Ich ••••Uu 1nd1rect effects : 10 par cant error 1n the 10ad1n¡

computation w1l1 produca only an error of 0.1 par cent on tha correctad a
factor of 01,

In the southern segment of the prof1la the t1dal ampl1tudes are largar

but tha 1nd1ract effects era also b1gger 1n the sOOlld1urnal band so that a

10 par cent error 1n the loading computation w111 also effect the correctad

a factor by Olla par cent for "'2 ond only 0.1 per cent for 01,

2. Choice 01 ths inBtJ'l4lllflnta and Bite seZectÚ171

The object1ve of the measurements be1ng to raach a prec1s1on of a few

thousandtha en the maasured t1dal amplitudes and one tenth of a degree en

tha phasas 1t was necesaary to aelect the bast ava1laDle grav1meters.

In 1983. Van RUllmber-esuccaaded 10 tréSnsform1ng laCoata-RonGerg modalO

and G grav1matars into zero method instrumants. us1ng Sato-Harr1son pr1nc1-

pIe ( VMI Ru~ ••• , 1985, tlArri.-, J., Sato, T•• 1983. ).As a result tha parturbat10ns

due to the t11t of the instrumant are drast1callll reduced (Zhou Kungen and

Van Ruyl'liber-e.1"985). The sena1tivity rema1ns stable w1thlo ona per cent 1n

normal observ1ng cond1t10na while w1th non zero 1nstrumants a ten per cent

variaUon waa usual. Aa there 15 practica11y no mora displacemant of tha

beam. the a14s~1c aftar effect. of tha spring are suppraaaad and 1t 18 no

mora necaasary to correct tha lostNlllllllt41 ph4aa lags by odJuating a rtleolo-

gical modal (Oucanna. 1975). Wa ident1fy thasa zaro msthods 1nstruments by

tha latter. LeZ.
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It was decided to perform parallel reg1strations with two instruments
in F1nland and to intercompare them at the Brussels Fundamental Stat10n at
the Royal Observatory of Belgium.

Kevo is the Northernmost avallable s.1te 1n Finland. It 1s the location
of a Subarct1c Research Station depending from the Turku Un1versity. Techni-
cians are working there all the year rounj and electrical generators provide
emergency power 1n case of electrical fa11ure. Th1s site had been already
occup1ed by the late Professor Honkasalo in 1972 with a Geodynam1cs gravi-
meter (Ducarme and Kaaria1nen. 1980).

In Madrid there are two tidal grav1ty stat10ns : one 1s located in the
Campus of the Universidad Complutense and the other 1n the Nat10nal Monument
of Valle de los Caidos. soma fifty kilometers from the c1ty center. The two
stat10ns have been intercompared by using many.grav1meters. For the facility
of the ma1ntenance it was decided to install the gravimeters at the Univer-
sity.

J. Calendar o[ the Observations

The profile started in mer-ch 1984 w1th the tris te l í e t í on of two grav1-
meters 1n Kevo :
LCZ 402
LCZ 665

belong1ng to the Royal Observatory of Bel~ium (ROB)
belonging to the Instituto de Astronomia y Geodesia del Cons~jo
Superior de Investigationes Cientificas (CSIC).

The LCZ 402 was al ready normal ized in .the Brussel s sys t em.
In september 1984, LCZ 665 was moved to Brussels for intercomporison

and LCZ 402 to Madrid. In the same time the LCZ 487, a second belgian gravi-
meter, was installed in Madrid.

Flnally in march 1985 all gravimeters returned to their home countries.
A summary of the registration periods is given in Table 2.

4. Il1tJl'OtJed B1'USSeZ8 Sy8tem

The so-called Brussels Tldal Gravity System (Ducarme, 1975) is based
upon an accepted val~e for 6 (01)

6 (01) 1.161
and phase diff~rences

Q (01) ,. -0~2,

These values were determined from observdtions performed between 1958
and 1970 us1ng exclusively Askania eravimeters either of type GS11 or 6N
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lnodified. With this normalization. whleh ineludes the inertial correet10n.
the results of observat10ns performed'during the Trans European Tidal Gra-
v1ty Prof1le (1970-1973) and the Trans World T1dal Grav1ty Proflle (after
1973) f1t well the Molodensky model I corrected for 1nd1rect oceanic effects
computed from the Schwidersk1 maps (Melchior & alll. 1981).

The phase differences WQre confirmed 1ndependently by the Supercondue-
t1ng grav1meter (Oucarme. 19831 ~nd by the LeZ grav1meters (Van Ruymbeke.
1985) •

However. as already stated in the Introduct1on. a contradict1on exists
between the Brussels T1dal System and the most recent model for the body
tides (Wahr. 1981). The debate 1s obscured by the fact that the lnertial
correction (Par1isky. 1961) is included in the Wahr model and should no more
be applled on the observations.

It 15 why we show. in Table 3. the results of the Superconduct1ng Gra-
vimeter normalized to the Brussels Tldal System with the inertial correction
removed (A) together with the Molodensky I (B) and Wahr (el models corrected
for the 1ndirect oceanic effects by lJsing the Schwiderski maps. the Farrell
algorithm and a mass eonservat1on proportional to the amplitude (Moens &
el í í , 1980).

eonsldering the high internal precision of the Superconducting g¡av1me-
ter we may cons1der the variations of the B/A rat10 as reflecting the uncer-
tainties on the tidal loading eorrections in the scn.ídfurne I bando On M2 a
5 per eent error may be suspeeted. From Table 4 wh1ch surnmar1zes the resulte
for Belg1um and Luxemburg one sees that the d1scre~nc1es expressed by the
final residue X (X. Xl are lower than 0.2 ~gal. a value which could corres-
ponds to a 10 per eent error on the load veetor. However no systematlc pat-
tern is observed in the Belgium - Luxemburg area. We therefore are of the
opin10n that a 10 per cent uncertainty on the tidal loading computations is
overestlmated and that 5 per eent 15 more probable.

It 15 elear that the ampl1tudes should be reduced by 0.6 per cent to
fit the Molodensky model and by 1.6 per cent to f1t Wahr's theory.

As the goal of th1s profile 15 only to check a latitude dependence of
the tidal factors we may adopt any normalizat10n. We decided to use an 1m-
proved tldal model f1tting very closely the Molodensky I mod~l at Brussels

O?O

1.1861.155

2?7
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Of course, as tha LCZ grav1meters do not have 1nstrumental phase lags,
it 15 only necessary to nonnal1ze the arrpl1tudes by fitting the6 lO1) t1dal
factor.

~. Dúcuaaion o[ the reauZ.t8 obtained at Kevo

The agreement between the twa LCZ 1nstruments at Kevo 1s very satisfac-
tory (Table 5). The strongest d1screpancy 15 found for K1 because .w1th only
s1x months of obsarvat10ns 1t cannot ba separated from the meteorolog1cal wave
51' The observat10ns made w1th GEO 761 1n 1972 are 1n good agreemant w1th
the new ones for 01 and M2•

As already stated 1n the Introduct1on we should not rely on the sem1-
diurnal wavas to study tha lat1tude dependence of.the t1dal factors. We do
probably not ~now tha 1nd1rect effects 1n th1s area w1th a prec1s10n better
than 10 par cent. Th1s represents 0.1 ~gal (or one per cent) on the 6 (M2)
t1dal factor, an uncérta1nty largar than the expected latitude effect.

However from the observed values of 6 (01), w1th the three instruments.
wa may say that half a per cent decrease betwean Brussels and Kevo seems to
be a real1st1c order of magnltude (Table 7) whl1e the uncerta1nty of the
load correct10n 1s only of the order of 0.1 per cent ln the diurnal bando

6. Di8CUlJsion o[ the resuLt8 obtained at .'4adr·id

Although our observat10ns have been performed ln Madrld~it 15 interes-
t1ng to 1nclude the results of the nearby station Valle de los Caidos in the
Table 6 wh1ch provides twa more 1ntercomparisons with the As~ania 212 gravi-
meter wh1ch has been ca11brated ln Brussels in 1978 and w1th the Tidal La-
Coste (ET 15) belong1ng to the Tidal Institute of Bidston (Llverpooll. 01-
rect compar1son between Valle and Madrid 15 insured by LCR 434. In any case.
the error on the d1fferent1al tidal load1ng between the two stations i5 at
least ona order of magnltuda below the observat1onal errors.(Vie1ra. R ••
et. al., 1985)

Here agaln we glve the corrected tidal factors for the main waves. The
general agreement 15 excellent espec1ally for thé LCZ gravimeters and ET 15.
Cons1der1ng now the dlfference with Brussels. we observe a decrease of one
per cent on 6 (01J 1nstead of an increase of half a per cent.

A s11ght dacraase a1so appears for M2 but for tha sam1d1urnal band the
uncertainty on the 10ad1ng 1s at least 5 per cent (see § 4) which corresponds
to half a par cent on the 6 factors.
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7. Conc lueion«

From the results summarized 1n Table 6 it may be concluded that strong
regional ~noma1ie5 may concea1 the latitude dependence. These anomalies more
or less compensate e~ch other at a global scaIe. It ls why the effect was
discovered by Melch10r (1983) 1n the results of the Trans World Tical Gra-
v1ty ProHIe.

Which anomalies can we suspect ? In Yanshln & ali1 (1985) the authors
show a correlation between the f1nal residue component X cos X and the heat
flow. Cold regions are assoc1ated to negative values of X cos X which cor-
respond to a smaller ampl1tude of the body tides. Hot reg í ons associated to
pos1t1ve values of X cos X seem to correspond to larger t1dal amplitudes.

Imperfect mass c~en&at1on 1n the ocsan1e t1des may 151so produce large
scale errors 1n the 10~d1ng c~ut~t1ons but only for aemidiurnal t1des.
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F1gure 1 Répart1~1ón of the observat1ons of the Trans World T1dal Grav1ty
pref11es compared w1th the Wahr model (full 11ne),

TABlE 1
Lat1tude Dependence of the Gravimetr1c T1dal Factors

di.urnal waves 6 •.6 + 62 (16/4) (7 51n2 • - 3)1.
semi. diurnal: wves : 6 ••eS1 + 62 (fi/2) (7 s1n2 • - 1)

~oreti.oal model Experimen ta Z. madeZ
(Wahr. 1980; lhIhant. 1985) (MeZchi.or·and De Becker, 1983)

Wave 60 61 6 . eS1O
01 1.1520 -0.0065 1.1618 ± 0.0016 -0.0028 ± 0.0015

K1 1.1320 -0.0063 1.1458 ± 0.0012 -0.0059 ± 0.0013

"2 1.1599 -0.0045 1.1751 ± 0.0021 -0.0046 ± 0.0010

• 6(01 ) eS(K1) Sem1d1umal

1

MADRID 40:64 1.1521 1.1321 1.1514
WAHR BRUSSELS 50:80 1.1475 1.1275 1.1460

KEVO 69:76 1.1404 1.1204 1.1376

I'IlLOOENSIC.y 1 1.1595 1.1376 1.1600.
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TABlE 2

RegIstratIon PerIods

LCZ 665

BRU55ELS
84 10 04 65 03 01

KEVO MADRID

LCZ 402 64 04 01 84 09 12 64 01 02 84 03 19

LCZ 467 84 03 30 64 08 24 84 10 10 85 03 01

84 04 03 64 09 15 64 09 30 85 02 16 65 03 16 85 07 25

GEO 761 72 08 02 72 12 19 73 06 05 73 09 15

TABlE 3

ComparIson of the models at Brussels

A B AlB e AIC
Bru s se l a TIdal GravIty 5ystem Molodens~y Model Wahr Model

without Inertial correction + 5chwIderskI Maps + 5chwiderski Maps

Q1 1.16?9 -0.31 1.1561 -0.23 1.0059 1.1439 -0.24 1.0167
01 1.1622 0.04 1 .1551 0.03 1.0061 1 .1431 0.07 1.0167
P1 1.1624 0.22 1.1545 0.24 1.0066 1.,1432 0.24 1.0166
K1 1.1493 0.27 1.1398 0.24 1.0063 1.1296 0.24 1.0175
N2 1.1764 3.05 1.1783 3.09 0.9984 1.1655 3.12 1.0093
M2 1.1933 2.71 1.1898 2.69 1.0029 1.1771 2.72 1.0136
52 1.2074 1.15 1.1968 1.22 1.0089 1.1643 1.24 1.0195
K2 1.2068 1.34 1.1929 1.12 1.0117 1.1606 1.13 1.0222
Me 1.0753 1.18 1.0700 0.00 0.9966 1.0600 0.00 1.00633

Adjustment of the AmplItudes
AlB

Diurnal 1.0068
5emIdIurnal 1.0055
Proposed 1.0060

AIC
1.017
1.016
1.0165

-No cot1dal map aval1able.
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TASLE 4

Results for the wave M2
1n Belgium and Luxemburg

-5tations D(km) B 8 L A X x Q

Veume 6 1.82 1120 2.00 96° 0.57 -1480 6.3

Gistel 5 1.77 90° 1.97 86° 0.24 -127° 6.8

~ 10 2.01 69° 1.90 74° 0.19 180 2.6
Brussel- 110 1.76 61° 1.88 63° 0.13 -920 54.2
BruxaUas
Louvain- 130 2.07 58° 1.88 62° 0.24 26° 7.1
la-Nauva
Walferdange 220 1.74 570 1.84 61° 0.16 -700 34.0

B (B. B)
r (L. A)
X (X. X)
Q

O

res1dual veotor (observed minus Molodensk.y 1 modell
t1dal load1ng computat1ons (Schw1dersk.1maps)
f1nal res1due (B - tJ

-qual1ty factor
d1stance to the sea

TABLE 5
Results at Kevo

CDRRECTEO TIOAL fACTOR5
Theoret1cal Tidal load1ng LCZ 402 LCZ 665 GEO 761

Wave ampl1tude B B 6 a 6 a 6 a
(microgal) (microgal)

01 20.2 0.24 118° 1.1554 '0.03 1.1549 -0.3~ 1.1.571 -0.43
K1 28.4 0.30 -78° 1.1436 -0.36 1.1338 0.07 (1.1577)(-0.36)

N2 1.7 0.25 890 1.1356 -0.76 1.1289 -1.13 (1.1769) (-0.44)

M2 9.0 1.37 520 1.1308 0.31 1.1195 0.08 1.1246 0.03

52 4.2 0.43- 27° - 1.1463 -0.65 1.1400 -0.07 (1.0992)(-0.36)
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TABLE 6

Results ln 5paln al Valle de Los Caldos

CORRECTED TIDAL FACTORS
ThBoretlcal T1dal loadlng ET 15 ASK 212- LCR 434Wave a~l1tude B

"~ 6 6 6 a(mlcrogall (mlcrogall a "(1

01 30.72 0.26 -1390 1.1507 0.16 1.1539 -0.Ó1 1.1470 0.17

1<.1 43.20 0.34 1010 1.1356 -0.05 1.1236 0.57 1.1414 0.64

N2 6.28 0.92 1200 1.1581 1.05 1.1648 0.55 1.1626 1.66

M2 43.25 4.31 1010 1.1599 0.25 1.1613 0.21 11.1599 0.251

52 20.12 1.51 750 1.1593 0.12 (1.1293 -0.41 l 1.1683 0.10

- NonnallzBd ln the Brussel's I~roved TIdal 5ystem
1 No~llzBd on ET 15.

bl MadrId

CORRECTED TIDAL FACTORS
ThBoretlcal .Tidal loadlng LCR 434 LCZ 402 LCZ 487 LCZ 665Wave ampl1tude B S"
(mIcrogall (mIcrogall 6 a 6 a 6 a 6 a

01 30.66 0.26 -1390 1.1465 -0.47 1.1483 -0.20 1.1507 -0.32 1.1493 -0.22

1<.1 43.15 0.32 1010 1.1399 -0.68 1.1310 -0.16 1.1317 -0.66 1.1361 0.-04

N2 8.33 0.86 1190 (1.1929 1.13l 1.1491 0.27 1.1497 -0.16 1.1432 0.74

M2 43.49 4.05 1000 1.1577 0.06 1.1573 -0..22 1.1553 -0.29 1.1564 -0.30

52 20.23 1.42 740 1.1623 0.10 1.1564 -0.16 1.1560 -0.03 1.1617 0'.09
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TABlE 7

D1fferent1al lat1tude effects along the profile
(in per cent of AIT~litude factors)

Madrid Brussels· Kevo

Wahr model +0.46 -0.71

Observat1ons 6 (01)

6 (K1)

-1.0 adjusted -0.4

-0.3 +0.2 -0.1

• based on the resulta of the Superconducting gravimeter (Ducarma et alii.
1985) •
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Oc.aa Tid•• ia tbe aearby of tbe Iberiaa P.aia.ula. Parto 1: N2
Iberia Nap

l. YIEII!; C. TOlO; E. NEOIAS

v1tb 11 fi¡urea and 1 table

Vieira. l.; Toro. C.; Megias. E.; 1985: Ocean Tides in
tbe nearb, of tbe Iberian Peaia5ula. Parto 1: M2 Iberia
Nap. Proceedin&! of tbe Tentb International S,.posiua
oa Eartb'. Tidea, pp. 679-696.

AbatTact: Tbe correction of tbe ocean effects
ia certaial, one of tbe aerioua proble.s vbich
li.it the interpretation of Eartb Tides. Following
tbe reco••endatioas of tbe IX Interaational 5y.posiu.
oa Eartb Tidea, ve bave started tbe drawing up
of oceao tidea .aps of tbe .ain lunisolar potenti-al
bar.onics for a zone close to Iberian Peninsula.
The N Iberian Map is tbe first of a serie built
up vi\h tvo funda.ental criteri., in one hand,
it is an e.piric .ap obtained fro. the bar.onic.
constants observed in tbe zone and its neighbourings
and on the other hand it bas been .aintained the
criterion that in the externe li.its the isolines
of a.plitudes and phases .ust link with the corres-
pondine to tbe Schwid~rski .aps, (5chwiderski, 1919),
wbich are tbe ones nearest to the observed reality
in tbe craviaetric tide observations .ade in tbe
Iberian Peninsula.

(e,vord.: Ocean Tide; Iberian Peninsula; M2

.INTRODI1CTION
180ne tbe .everal circunstances vbicb condition

the preci.ion and interpretation of the eraviaetric tides
observation.. there are tvo vbicb ve can consider very
i.portant; one i. tbe questions relationed vith iastruaenta-
tion. and another. tbe correction of the oceanic effects.
Th. inltruaental proble.. are beine the ai. 01 a lot of
.tudie. and th.ir re.ults are abova in tbe pu&lication.
about the•• the••••pointineouttvo qu••tio•• oí ¡reat iatere.t
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al tbe atablllty in tbe response tiae oí tb~ sensora anel
tbe preciae deteraination of tbe instruaental constants.

Tbe solution to tbe cc ean í c problea is conditione!!
by tbe obtention of the e errect Le es to be applied to tbe
pbeDoaenoD obseryed in order to eliainate the oc~ao tide
lD!luence, tbatla to aa)', to delialt tbe IJltea to tbe
eaae o! a non oeeanie land. Tb~ iaportanee of tbe oeeanie:
eorreetion l. Ibovn b)' tbe aagnitude oftbe pbeno.enon itsel!.
tbat in certain sene s of tbe plaoet beeoaea aore tban 15%
of tbe obseryed ligoal. b~io& ver)' diífieult to eyaluate
it vitb tbe precision bad b)'.tbe aore aodern graviaetera
novada,l and tbat is better than the aiero&al. The oceanic
effect is Yery Itrong in tbe South-Western sene of Europe,
and particularly ln tbe Gulf of Vi~caJa region; for tbat
tbe lberian Peninsula il a suitable place !or these studies
(Vieira, 1979). li is necessar)' to correet tbe oeeanie
efreet. to baye tide aaps vbieh eorrespond vitb tbe real
aoyeaeot oí the e ceans as a c cnseqwe uc e oí tbe action of
forees
needed for tbe different haraonicl

potential aod this is
of this potential or

signifieatiye a.plitude.
graviaetric tides aadc

derived froa the astronolllic

at least for thole vhieh have
On
in

coaparin& the
the Iberian

observation ol'
Peninsula oceanic effeet calculated

froa several aaps, ve hav e arr í ved t c the ccnc Lu s í on that
onl, tbe Sebviderski aaps are ne ar t h e r~alit)'. The trial,
.ade vith tbe Zahei, Parke, Hendersehott, Dogdilnov, ete ••••.•
aapa do not &ive satisfactory resulta for the a.io seaidiurnal
eoaponent froa tbe astrono.ic potential H2' at le~at for
tbe lberian Peninsula. Thia saae eonelusion vas obtilined-,
b)' otber researehes in several regions of tbe planet (Helebior
et al. 1983). It is convenieot, for tbat. to use tbe Sehvi-
derski aaps as a base to evaLua re the cc ean í.e eorreetioo,
as it Vils recoaended in the 11 International S)'aposiua
on Eartb Tides. Hovever, t her-e are possibillties to iaproye
tbose a.ps oyerall in ~o)nes near the island .nls" "cootinents
vitb Singular conditiona vhieb ean af!ect tbe reaultl.
TbereCore, tbe Scbviderski aaps do not take iato accouot
~be iaterior aeaa nor the Hediterranean Sea. 10 tbis case
there is a siioificative e~use of lapreciaioD io tbe statioo
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obaerTationa placed in the Soutb oí Spain. Ve aust not
íorset that ve pass rapidly froa the iaportant Atlantic
tides, vith a apecial seaidiurnal character, to a quasi-statie
aystea in the Mediterranean Sea, throu~h a zone -The Alboran
Sea- vhere the tides haTe even aore si~niíicative values
(Vieira, R. et al. 1981).

So, havins in aind that ve are corrliDg out a
vide ioveatisation project on Earth Tides in Spain (Vieira,
R. et al. 1977) it is ,convenient to trl the improveaent
oí the existin, eceanLe aaps. In this val, ve haye atarted
the d~avin, up oí aapa, called Iberia 'by us , for the s aa e
hafa"Dic& used by Schviderski (Schviderski, E.W., 1980)
and froa ea2irie data obtained as auch in the Peninsula
ahor~ aDd ita eIose islands, as froa observations done
vith oceaD botton tide gauges. In this paper ve present
tbe results oí the Iberia "2 aap.

CHARACTERISTICS OF THE IDERIA "2 MAP

Tbe Iberia H2 .ap has been built up from 120
series or har.onie constants data eorresponding to observa-
tions done in the peninsular eoast, north of Afriea, the
cIose islands and the French, Atlantic and Mediterranean
coalts and the experiences aade vith oeean botton tide
sauges (C. Toro, 1984). The inforaation sources have been:

a.- Publications about baraonic constants by
the Instituto Español de Oceanografía.

b.- List of haraonic analyses aade bl the Instituto
Hidrográfico de la Harina sinee 1927.

I~A.P.S.O. Publico Seient. n9 30 (bar~vrlght,D.
E. e t al. 1979).

c.-

Data bank of baraonic eoaponeots of oeeanie ti-
des of tbe International Hidrosraphie Organization.

Froa 120 series, approxiaatell the 20% baa been eliainated,
aa tbel do DOt pass anl eoherent test vitb tbe rest oí
tbe obseryations. The causes 01 these éIiaiMtlons are

d.-

due to one 01 these three factors;
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1) Historic aeries oí doubtíul qualitT.

2) Observationa done in peculiar places and whoae
reaults could be due. at íirst, to the peculiari-
ties oí the correspondinl tide caule aettleaent.
In this case, ve haye tide caule in tbe harbors -
baya,bi&.rives aouths, etc.

3) Thoae observations vitb resulta bilblT dilcrepant
íroa tbe ones obtained in nextplacea. UauallT. -
they are short tiae series.

As a consequence of this studT to unifT and i.prove
the Spanish netvork of tide ¡aule is needed, dependinl
novadaTs on three different public orlania.s, aa vell' a.
to reference it to the First Order National Levelinc Netvork.

For the dravinl up of the Ibería "2' a &one haa
been deliaited in latitude by tbe follovinc values:

4 ft' N~. ~ 31· N
8. 250· E~·..\~-16· W

shovn.
In the filure 1, the liaita oí the Iberia .ap are -

..•.

--
..•.

Fi&. 1
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Aa an addittional condition, tbe cotidal lines

aUlt link vitb tbe correspondinl of Scbviderski "2 aap,

to let tbe boao¡eneit, of tbe relultl and at tbe saae tiae

it peraita a coaparatiye stud, be tve en tbe obtained yalues

for the Scbvideraki aap and tbe Iberia one.

DIGITALI%ATIONOF THE IBEIIA "2 MA'

As it il vell knovn, tbe Scbviderski aaps vere

dilitaliseel froa a ¡riel of 1· x 1·. Tbia diyilion 01' tbe

oceanic aurface doea not perait Aa exact adaptation to

the sbore sbape in apite oí tbe quite relular outline 01'
tbe Atlantic and Cantabric coastl in tbe Peninsula. (Fi,. 2)

••

...••."
•...

1\
R

•...•...

-'l
I'\.. -"'"'

11
l'

. .••• - •• lO

••

•••

Fil. 1

As Irid, tbe basic dilitalisation for tbe Iberia aap taken

il tbe oae of oe 5 x oe 5 but in tbe - coastal sonel tbis ¡rid

bas been. reduced dependin¡ one tbe sbape; to saaller sises

coaial to round Iquares of O· 0625 x el' 0625. Tbe total of

tbe sone lllcluded vi tblll tbe llal ta ot tia. aap haa been

dlylded in a vbole of 1.580 poli¡ona witla tlae tollovinl

distributioa:
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771, po11lons of 0.5 x 08S
297 poligons of 08250 X 0°250
316 poligona of 08125 X 08125
193 polilons of 080625 X 0·0625

bone tbe 1.580 poli,ons, 1,36 belGDI to tbe Medi-
terraDeaD Sea and 1.114 to tbe AtlaDtic OceaD aDd tbe CaDta-
bric Sea.

Fi t. 3

r

1 ~. . .,
r , .".

íP'~~
-;-
~ ..•...

~
ff
~

.•.

.•.

.•. ..
In tbe filure 3 it can be seen hov the grid in

its several sizes adapts to tbe coast in the zone oí Galicia,
the one vitb a
the bas.e ol tbe
part, the Irid

.ore irregular
follovin& .aps

iinks vi th tbe

sbape. Tbis
to be done.

Schviderski

Crid vi11 be
In its externe
one ol 18 X 18

vithout gaps nQr superpositions.

OCEANIC EFFECTS CALCULUS

For the oceanic effect calculi, tbe prograa I.C.E.T.
vas used, (Kelcbior et al. 1980), that applies tbe cODvolutioD
pr cce'ss developped by Farrell (1972). Tbis prolraas is
based in tbe folloving principles:

a) Tbe nevtoDiaD attraction ia calculatect directly
taking into a~count the distance oí eacb polilon of tbe
oceanic aap and tbe latitude ol the polnt vhose eílect
ve vant to lind.
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b) The load effect is obtained
interpolation of LacraDce froa tbe Green's
obtained by farrell.

by a polínoaial
function t ab Le s

e) The eífect oí aass redistribution has been
considered as proportional to tbe attraction effect.

RESULTS iND CONCLUSIONS

In the fieures 4 and 5 the dieitaliud aap Lb er í a
M2 oí aaplitude and pbase is shovn. Tbe yalues corresponding
to tbe policons vitb little surface near the coast haye
been subst1tuted by syabols.

The relults íor the Iberian Peninsula are eíyen
1n the filures 6 and 7, vbich haye be en obta1ned frol! the
yaluea LIS" (L, x ) oyer a erid of 0° 5 x 0° 5 that cov er s
the vbole ~eninsula the south oí France and tbe zone of
Morocco 1n tbe no~th of Africa, tíll tbe 34 N parallel.
The 1sol1nes oí aaplítudes and phase for Ibería "2 are
eiyen in the fieues 8 and 9. In the fieures 10 and 11 are
ciyen the yalues for the Iberían Península obtained fro.
Scbviderlki aap for tbe zone included in the Iberia aap.

Tbe yalues of the ocean í c ef f ect calcula ted f rce
Scbviderski and Iberia M2 aaps are giyen in Table 1, as
vell as other partial results. The V coluan oí thís table
ia oí apecial interest, as ve can check the existíne differen-
ees betveen Iberian "2 and the sae e zone in tbe Schwiderski
aap. In ceneral these differences are less than one lIícrogal,
although in tbe coastal statíons ít present yalues eyen
of 1.0 aierocal, al in tbe case of Santanderj in the statíons
placed in the centre of tbe península, tbe diíferences
are about 0.2 aicroeals.

It vould be iaportant to point out the sllal1
but perceptibl~, influence of the close Mediterranean Sea
on tbe Granada Itation. placed in the South of the peninsula
at about 70 ka atraichley froa the ahore; tb1a effect is
bilcer in plaeea next to tbe coast betveen Gibraltar and
Málala.
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rroa al1 aboye, v. ca. cODclude tbat be Scbviderzki
Eap "2 represeDta tbe oceaDic .lfect iD tbe. PeDi •• ula quite
vell. altbou&b il preci.ioD. 01 tbe ¡raYiaetrlc tide obaerva-
tiOD becoa. &bout teatba 01' aicroaal. it vould be COBV.Di~Dt
to applr tbi. local aapa.

Ve tbiDk tlle•• r•• ulta k.vli Dot tQ hG éxtrapol&ted
te otber SODea, aince, Aa vo haye cOllll5esatecl.abo"o, tbe
reculAr .hape ol tbe 'onia8ula permita to eoyer tisis peniDsll~
lar outliD6 witb A &re8t approxiEAtloD ia ita Nortbera
.nd Velitera ee•• ta vid r, &rid of 1(1 z 10. tbe ooe IIlJedby

Scbvlderak1.
Tbe lber!a "2 sap vi11 be íollowed by tbo roct

01' tbe compoaeDta drAVD ap by Selsvider.ki. Tboae eap. v111
be 1.proy.d clepCUUUD& oa tbo DO<¡t~ata 01 tlut barllon1e: coaa-
taata cbtaiDed i~ SOD.. iacluded iD tbe iaterior oí the
liaita aDel itti Dei¡bbourin¡a; vo vaat to extoDel it Sootbvards
till iDe:1u41DI tbe sosae oí the Caaarian ¡slcad, haviD&
to rsacb to 230 paralle!.

The •• reacare:be. are deve10ped iD tbe ln.tituto de
Astronomía y Geodezia (C.S.I.C.-U.C.N.) with grantl ¡iveu
by tbe Co.i.16ft Aa~lora de IDvelti,aci6p Científica 1 Técnica.
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Oeean Tidel in the nearb1 of the lberian Península. Part
11: 52 Iberia a.p.

R. VIEIRA, C. TOROand J. FERNANDEZ

vith6 filur •• anel 1 table

Vieira, l., Toro, C. anel 'ernindes, J. j 1985:

Ocean Tieles in the nearb1 of the lberian Peninsula.

'.rt 11: S2 Iberia aap. Procecelials ot the Tenth lnter
national S1aposiua oa Earth Tieles, pp. 697-706.

Abstract: fhe Iberia S2 up is the seccnd eae of the serie
thatve are draving up ln the oceanic sone close to the lberian
PeniDaula. for the uin hanaonics of the lwlisolu potential.
Aa ve ha"e co_entecl in Vieira et al. (1985), ve pretend
lo- !aproye the present ups vi th these enes , specially. the
Schvielerski'a .(Schviderski, .1979), that have shown to be
th. closest ones to the observecl realit1 of all those for
ve haye ude the calculus of the so called oceanic effect.
It's an eapiric up, iaprasing the canelition thAt the correspon-.
dent holines of amplitude and phase aust be joineel coapleuly
to Schvielerski'.. in order ta avoiel eleath sanes ar g_ps on
llSin¡ the Iberia aaps as a ca.pleaent to Schvielerski's.

lervorda: Oceanfieles, S2; lberi.l.n Peninsula.

ItITIODUCTIOM

la Vieira et al. (1985) ve aade a serie of cansidera-
tians about tbe Iberia aaps, that are suitable as auch for

"2 as tor a11 eoaltitutin¡ the serie Ibería.

",he aainl, leai-diurnal character of the tide

in the ne5rb1 ot tbe Iberian Peninsula ia the reason vby

ve haye· Itarted thia serie of the aain aeai-diurna.l haraonics

of the lunisolar potential. Aaong thea, S2 represents the

aain seai-diurnal solar vave of ar¡uaent Zt and angular
o . .

Yo!:locit1 3.0 Ih exactly. In the Southern Europe s ene , .52 ha s a -

considerable a.pIitude contributin& h11h11 to the oeeaDic effeet

in the atation. ol ¡raTiaetr.ic and clinoaetric tiel ••• obseryed

up to DOV in the lberían Península. Duo -to ita proxiaitJ

in frequeDe1 to 12, ·the sua af deelinational solar and lunar
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vayea 1; and 1;, it ia absolutely neecssary to haye lone and &ood
obseryation series to &et the yalues of aaplitude aDd phase eo-
rreapondin& to 52.

IBERIA 52 MAr

obtained
et al.

The aaps oí aaplitude and pbase oí 52"' haye been
íroa the series vhieh ve haye refcrrcd to iD Vieira

(1985), althou&h ve haye had to suppren the bi&&est
aaount oí obseryations, approxiaa~ely a 30~ oí the analyses
ve had. The reasons baye been aainly the laek oí quali ty
in aoae series oí ayailables and the aberrant yalues in
other, vithiD tbe eontext oí the rest of obseryations.

The aap liaits,bov in thc rest oí the serie, are
eoaprised betveen tbe parallels oí latitude 31° ••and 48°N, and the
aeridians 8.2S00R and 160

", ineludinc vhat ve eould eall
elose Mediterrancan Sea, that is, the part froa Corsiea
and 5ardinia vestvards.

The di&italhation &rid eoaprises a vhole of 1580
O~ S ° poriions'policons vith sises froa x 0.5 for 774 in

aore distant sones, till tbe 193 ones vith 0°0625 x 0°0625,
that peraita us to baye in aind tbe different geographie
aeeidents that sbape tbe eoasts, in a vay yery siailar to
reality.

The Iberia M2 digitalised aaps oí aaplitude and
phase are shovn in Figures 1 and 2. In these aaps , the yalues
eorrespondin& ~o poligons vith les ser sises Daye be en aubatitu-
ted by syabols, sinee ve eannot represent thea by their
nuaerieal yalues. The oeeanie effeet oyer tbe Iberian Peninsula
and its nearby, obtained froa Iberia 52 and ealeulus prograaaea
of ICET (Melebior et al., 1980), is represented in F1cures
3 and 4, haying in aind a grid of 0°5 eaeh side.The repreaenta-
tions in isoline vay of tbe above yalues for the Iberian
Peninaula are giyen in Figures 5 and 6.

Table 1, aade takinc the statioaa ol eraYiaetrie
tidea obaeryed in Spain in tbe last yeara" (Vieira et al.,
1984) as a base, peraits us appreciate the existin, differenees
betveen the yalues obtaincd directly usin& Sehviderski's
mapa (column 1) or using these maps for the near zones,
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c:oapleaeDte4 vitll tlle Iberia S2 eapa (coluaa Y). Certa1nly
tlle 4ifferences (or S2 (coluDn IV) are On11 about tentbs
o! aicrogal. "bat sbova tbe quality of Schviderski' s vork.
although in the present s t at e oí the graviaetric pr eeasacu
in tiele iovestigatioo. these yalues begin to be aignií1cant.
lo thia table, other partial values froa Scb~iderski S2
aod Ibería S~ Dapa are 11ven.

Tbe Iberia S2 cap vil1 be ío11oveel by the rest
oí tbe cOlllp~nentsdravn up by Schviderski. Those aaps vill
be ieproved dependin, on tbe n~v data oí tbe harDonic conatants.

Tbese researches are develop~d io the I.A.O. (C.S.I.C.-
U.C.N.) wbit ¡raots given by the Co.i~i6n Asesora de Investiga-
ción Cicotií~ca 1 técnica.
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