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2nd Meseting of the

"Working Group on Data Processing in Tidal Research”

Bonn 20 th - 22th march 1978,

At the Bth International Symposium on Earth Tides in Bonn, 19th-24th September
1977, the President of the Permanent Commission on Earth Tides has appointed

the "Working Group on Data Processing in Tidal Research”. The Institut flir Theore-
tische Geod8sis, Bonn, has been charged with the organisation of the 2nd meeting
in March 1878. '

This meeting took place from March 20th to 22th, 1978 at the Institut flir Theoretische
Geodésie, 5300 Bonn, Nussallee 17, Federal Republic of Germany.

Present
Baker T. United Kingdom
Bartha G. | Hungary
Bonatz M. F. R. Germany
Chojnicki T, Poland
Ducarme B. Belgium
Jentsch G. F. R. -Germany
Lecolazet R. France
Lichtenegger Austria
Melchior P. Belgium
Nakail S. Japan
Schilller K. F. R. Germany
Sukhwani P. Spain
Venedikov A. Bulgaria

Wenzel H.G. F. R. Germany
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Opening session: MELCHIOR P. - General discussion on activities since the 1st

meeting.

Tidal force modelling for a ripid and elastic Earth

NAKAL S.: Subroutine program for computing the tidal forces for the
practical use. 4828
SCHULLER K. A proposal for modelling the body tide of gravity and tilt.
4951

Pre—processihg of tidal data

NAKAI S.: Revised method of the pre-processing of tidal data. 4955
DUCARME B.: Sensitivity smoothing before the analysis of the tidal dq}gg?
BARTHA G.: A method for evaluation of local tilting. 4§8§

Theoretical aspects on tidal analysis methods

BARTHA G.: A possibility of characterizing evaluation methods. 4985

SCHULLER K. On objective functions an related least squares estimators
for the analysis of time series.

VENEDIKOV A.: Testing of the grouping of the waves in the analysis of the
Earth tidal datae. 4988

Recent advances in tidal analysis methods

CHOJINICKI Taé Influences of different filters. 4999

VENEDIKOV A.: The Nyguist freqguency and the substitution of the hourly 5011
ordinates by filtered values in the Earth tidal analysis.

VENEDIKOV A.: Simultaneous analysis of different Earth tidal records. 5022

SCHULLER K. Time variant tidal estimators - Des ' n and interpretation
aspects as performed in the HYCON-i=ihod. 5032

JENTZSCH G- Long period tides and gquality factor.

VENEDIKDY A. and Determination of long period tidal waves. 5051

DUCARME B.

Unification in the presentation of tidal data and results

KREMERS H.: A date bank system for tidal observations. 5060

General discussion on different topics

. .
Closing session

- discussion on the general results of the meeting
- recommendations and publications

- next meeting
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Subroutine Program for Computing the Tidal Forces for the Practical Use

Sinzi Nakai
International Latitude CObservatory, Mizusawa, Japan

i. Introduction.
There are two courses for computing the luni-solar attraction which

is a basic procedure not only in the tidal research but also in the tidal
eorrection for the precise gravity survey. First, considering the tidal
attraction as a set of many tidal consituents, the tidal forces are ob-
tained by the sum of each constituent. Second, by calculating the pcsi-,_‘
tions of the moon and the sun, we can directly get the attraction at any
time and place.

'3, Acccrding to the first course, as the precise coefficients of each
constituent by Cartwright and Tayler are available, we can compute the |
tidal forces with a sufficient accuracy. This method is especially efi c-
tive for the hafmenic analysis of tidal data, because the ampiitudes énd
v'phases of each constituent can be g0t at the same time. However, for the
cbmputatien‘of the tidal force itself, ‘more computation time is re-
quired as compared with the second method.

In the second method, we can make use of Harrison's program which
is called to have dn accuracy of 0.1%. But this is not the most con-
venient, because it contains too complicated parts and the accuracy is
'not'sufficient. It seems that the standardized method in thé viéw,of'bofh
accuracy -nd efficiency has not yet been established. | _

A computer program for the tidal forces, which is written as §imp1e;
‘as possible and with a necessary and sufficient accuracy, has been uti-
lized at the International Latitude Observatory of Mizusawa sirce a few

years.
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2. The outline of the method.

The tidal potential due to the moon or the sun at the Earth's sur-
face can be written by

Q& =

Ve {g)ﬂ P, (cos z)
GMr® . T r.2 A ‘
»g%m {?3{@@5 z) + R Py {@s’s 2) + (~§) P,(cos z) + = - = «}{(1)

Denoting the S&fﬁx‘ m for the moon and s for the sun, we get

431@

Then it is enough if we consider up to the second term of (1) for the

moon, and the first term only for the sun. So we have

Vo= Vy o+ Vg

mﬁz& r 2
= g (3 cos? Zgp-1) + 7 (5 cos“zy - 3 cos zm)}
By . '
fﬁ:f&?){ - % :
+ T“"’fé 13 cos® zsml} (2)
Zﬁ.g % 9
where
cos z = sinvsind+ cos¢cos dcos H (3)
and |
| §'§£€+}."§*C§@wﬁ+?‘f? (4)
Where 5
o = 18138M455836 + 86401845542T' + 070937 | (5)

®

Tidal attractions are obtained by differentiating (2) as follows.

aV GM 3
Wiown = - gﬁ;hg@ﬁ {3@05‘22 -1 ¢ 52% {5 cosdz - 3 cos z)} (6)
Woouth = - fﬁg:w?g#zi{:i cos z + %;% (5 cos?z - 1)}'

{cos ¢siné - sin ¢ cos § cos H) {(7)
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1 3V GMr 3r .
o oV LNT ‘ . 2L e Q? _ . ;
Wyest T cosy oA 3 { 3 cos z + SR (5 cos*z 1)}@936 sinH,
(8)
where r=a (1 -fsin? ) + &, (9)
w:ﬁgmfﬁmzp. {(10)

These components of tidal attraction are referred to the geocen-
tric coordinates. On the other hand, we usually need the component referred
to the geoid. Now adopting the suface of the Earth ellipsoid instead of

the geoid and putting

y = ¥-y = fsin 29, (1)

Zdown = Wdown €05 Y * Wsouth Sinvy. (12)
gsouth = Wsouth COSY -~ Wdown siny . (13)

As Yy is small, we write approximately the three components referred to

the geoid as follows.

Zdown = Wup * Wsouth Y- (14)
gZsouth = Wsouth - Wdown ¥ (15)
Zwest = Wuest. (16)

Although the computation of the position of the moon and the sun will be
& X

mentioned later, general procedures comon to both celestial bodies are
referred here. ¢ and § of the celestial bodies are given by the following

expressions after getting the L and B.

cos Scosa= cos Bcos L, 3
cos §sina= c¢osBsin L cose - sinfsine, (173
sind= c¢osBsin L sine + sinBcos e,

where
°45229 - 0°01301 T- (18)

. P
The relation between UT and ET 13

The predicted values of AT are + 475 for the year 1977, + 48% for 1978
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For the computation of L and Bof the celestial bodies, the following
mean orbital elements ave necessary.

s = 270°43436 + 481267°88314 T - 0°00113 T2 | (20)
ho= 279765668 + 36000276892 T + 0°00030 T2 (21)
P o= 334032944« 4089°03403T - 0%01033 12 (22)
N = 250718327 - 1034°14201°7T +« 0°00208 T2 ' (23)
Pla 281722083 » 1971918 T + 0%00045 T2 . (24)

. Moreover, 1t 1s better to take into sccount the effect of the nuta-
tion. The main temms of the nutation are given as
de = 9121 cos N, (25)
AL = ~17V23 sin N. - - {26)

(25) is to be added to (18) and [26) to (203 ~ (24) respectively.

3. Accuracy. ‘

At the present situation, the finest resolution obtained by tidal
observations is 0.3 ugals or so for the gravity data. Therefore, the
accuracy of 0.1 ugal in the theoretical tides seems necessary and suffi-
cient. In other words, this is the accuracy of 004% in the total amplitude
of tidal forces.

As the maximum tidal variations reach roughly 1 pgal/min, 0.1 pugal
corresponds to 0.1 win, and in the viewpoint of the reading accuracy in
the time scale the above condition seems to be reasonable. 6.1 min in time
is 90" in angle, Then it is necessary to keep the accuracy of 90" in the
o and 8 of both celestial bodies,

Concerning the distance to the moon or the sun, the factor of R-3is
.contained in the formula. Any error in R, therefore, affects the results
by the factor of 3. To get the accuracy of 0.04%, it is necessary to ob-
tain the precision of about 6.01% in R. |

On the other hand, it is nonsense to wish more accurate positions of
~ the celestial bodies, because -

(1) The present accuracy is almost the same as an error by omitting the
higher terms of the tide generating potential,

(2) The precision of the constant GMm is also same order as the present
accuracy. '
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Fig. 1 shows the standard deviation of (0-C) for each i where i = 0
is the case when all perturbation terms have been neglected. To keep the
accuracy of 90", it is adequate to take into account up to the term where
the:standard deviation become to one-third of the accuracy. In Fig. 1, we
should take up to the 22nd term. In other words, all perterbation terms
having the amplitude more than 18" should be adopted.

b) moon's Latitude

In the previous'paragraph , it has been proved that we should take
into account the term having the amplitude more than 18". In this accu-
racy, the formula of the moon's latitude given in ILE can be simplified

as lollows

j sin Cj. | (34)

Amplitudes and arguments corresponding to each i and j are givén Ain
Table 4.

¢) moon's distance

Bm = 1851997 sin (F +Imj sin Bj) +%n
1 °
3

The geocentric distance to the moon is given in terms of the sine

parallax in ILE. In the present accuracy it is sufficient to write

sin 1, : (35)

i

a/Ry

where

i

I = 34227700 + Lqj cos Ej. (36)
q; and Ei are given in T;ble 5. As shown in Table 2, the present adopted
value of the constant in (36) is 3422.451. 1 should be therefore multiplied
by 0.999927. As II is at most 1° or so, (35) can be replaced by
a/Ry = T(rad).

The estimation of the possible error in cutting off the perterbation
terms in (36) has been made in the same manner as in longitude and is shown
in Fig. 2. In this figure, considering the stoudard deviation of one-third
of necessary accuracy in Ry as 0.004%, it is clear that terms up to i = 27

should be taken.

S. Position of the sun

Viewing on the Earth, we can consider that the sun moves on the ellip-
tical orbit. In the present accuracy, the following approximation will be

sufficient.
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) . 5, .
Ls = h + 2e sin 1' + — e® sin 21, (38)
Bs = O? (39)
C/Rg = 1 + e cos 17 + e? cos 21, (40)
where
e = 0.01675104 - 0.00004180 T . (41)

6. Program

A computer program written in FORTRAN and based on the above procedure
is shown.

The general precision of the positions of celestial bodies are given
in Table 6. The maximum errors for the moon exceed the limit of accuracy
but not so much. It can be considered that the total accuracy is kept within
0.1 pgal as a whole, even in the case when one of elements exceeds the

temporary error limit.

References

Cartwright, D.E. and R.J. Tayler (1971) :
New Computations of the Tide-generating Potential, Geophys. J.R. astr.

Soc. 23, 45-74

Eckert, W.J., Rebecca Jones and H.K. Clark (1954) :
Construction of the Lunar Ephemeris, in ' Improved Lunar Ephemeris

1952-1959 ', 283-363 U.S. Govt print. Off, Washington, D.C.

Harrison, J.C. (1871} :
New Computer Programs for the Calculation of Earth Tides, Cooperative

Institute for Research in Environmental Sicences, University of Colorado

Table 2 Primary and derived constants
c 149600%10° m
a 6378160 m
GE 398603%10" m®/s*
M/B 1/81.30
£ 0.0033529
&S 132718%10 m?®/s*

a/R 36220451
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Table 3 Perturbation terms in lunar longitude

No.(i) Amplitude(ki) Argument(A:) No.(i) Amplitude(k;) Argument(Ag)
1 +22639. 500 1 16 +39.528 1-2F
2 ~4586, 465 1-2D 17 -38.428 1-4D
3 +2369,912 2D 18 +36.124 31
Iy +769.016 21 19 -30.773 21-4D
5 -668,146 1’ 20 +28.475 1-1-2D
6 ~411,608 2F 21 -2 420 12D
7 -211,656 21-2D 22 +18.609 1-D
8 ~205,962 1+1-2D 23 +18,023 14D
9 +191.953 1+2D 2k +14.577 1-1%2D
10 -165.145 1-2D | 25 +11, 387 21+2D
11 +147.687 1-1 26 +13.902 uD
12 . -125,154 D | 27 -13.193 31-2D
13 ~109.673 1+1 28 +9.703 21-1
14 -55,173 2F-2D 29 +9.366 1-2F-2D
15 -45.099 1+2F 30 ~8.,627 21+1-2D
Table L4 Perturbation terms in lunar latitude
No.(i) Amplitude(m;) Argument(B:) No.(j) Amplitude(n;) Argument(Cj;)
1 +22609.07 1 1 ~526.069 F-2D
2 -4578.13 1-2D 2 +44 . 297 F+1-2D
3 +2373.36 2D 3 -30.598 F-1-2D
b +767.96 21 I ~2L4.549 F-21
5 -22.%71 F+1-2D
6 +20.599 F-1
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Table 5 Perturbation
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terms

in lunar parallas

Amplitude(q;) Argument(E;) Nao{i) Amplitu@@(q;) Argmment{EL}
+186. 540 1 16 -0, 30N 21-2D
+35.312 1-2D 17 ~0.%00 1+2D
+28.233 2D 18 +0,283 21+2D

+10.166 21 19 +0.261 4D
+3.086 1+2D 20 +0,230 1-1+2D
+1.918 1-2D 21 -0.226 1-1-2D
+1Q153 1-1 22 +0.,149 14D
+1 . Lk |+ 1°-2D 27 +0,127 211
~0.978 D 21 -0.119 31-2D
~0.949 1+17 25 -0,109 1+D
~0.71L 1-2F 26 -0.105 . 2F-2D
+0,622 31 27 ~-0.,104 21+1"
+0,601 1-4D 28 +0,092 212D
-0 ..1500 1 29 ~0,083 14+2F
+0.2372 21-4D 30 +0.067 1+1-4D
Table 6 Comparisons of the as tronomical position by the

ko)

resent calculations with the ephemeris for 432

epochs of approximately every 5 days during 1974-1979.

right ascension

{cal-eph)

declination

(calmeph}

distance

(calmeph)/eph

MO0

Sun

moon

Suil

mo o

sur

mearn
o.50
5.01
0.43

1.33

N e AT
0,0L%10

0.03

SD max. difference
28,67 117437
11.64 33.21
24 .40 -102.07

3.37 11.90
3.94%10° 16.73%107
3.02 8.12
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§W=(22639,50045IN(SP) ~4586.665+SIN(SP=BC)

A +2369,512.SIN(BC) +769,016=SIN(AAY

8 =668, 146+ SIN{HP) «491.,608«5IN(AB)

c =211.656+SIN(BA=BC) =205,962%SIN(SP+HP=BC)

) +191.953%SIN{SP+BC) w165,145%SIN(HP=BC)

E_. +167,687%SIN(SP=HP) =125.156%SIN(SH)

F =109 ,673«5IN{SP+HP) ’ 55 173%xSIN{BB=~BC}Y

G ~45,099«81N(SP+BBY +39,528%SIN(SP=BB)

H “3R,428xSIN(SP=BC~BL} +36,124+5IN(SP+BA)

i «30,773%3IN(3A~BC~8C) +28,475%SIN(SP~HP=BC)

J “24,420SIN{HP+BE) +18.6004SIN(SP=8H)

s +13,023«SIN(HP+SH) I« CR+WA=0L
Di= 526,069« IN(BC=FF) $44 ,297#SIN(SP+FF=BC)

A +30,598%SIN(SP=FF+BC) 424 ,6469%SIN(BA=FF)

R $22.571#5IN(BC=HP=FF) +20,599%SIN(FF=8P)
DF=(22609.,07 *SINLSP) «4578,13 #SIN(SP=BC)

A +2373,36 »SINCEC) 1 767,96 »SIN(BAII#CR
ph= 3422.700 +186,540+C085(SP)

A +34.312%C05(8P=00 $28,233%005(BC)

B +10.166%C05(BA) +3, 0865005 (5P+BC}

¢ 19182 COS(HP=BE) +1,153% 005 (SP=HP)

b +1,b644xCOS(SPLHP=BC) =0, P78 COB(SH)

£ w0, 949%COSLSPHHPY w0, 716=C08({SP=B8)

F +0,622%C0S(SP+BAG +0,601%C05(SP~BC~BC)

G =0 46005CO8(HP) +0,372%C05(BA=BC~BC)

H »0,304%C0S(BA=BC) =0,300%C08(HP+BC)

i +0,283%C0S{RA+BCY +0,261+C05(BL+BE)

d +0,230#C0S(SP~HP+B() «0,226%C0S(SP=HP=BL)

K +0.149%C0S (HP+SH) $0,127%COS(BA=HP)

L “0,115%C05(BA+SP=RL) «0.909%C05(SP+5H}

M «0,105%C0S(RB=BCY =0, 106%C0S(BASHP)

_ DC=(18519,7*SINCFF+#DF)+ON)*CR

EM=ASINCEASINCOC)Y+EBSCOS(DCI*BIN{EM)
ﬁN=ATAN2$EA3QQSLRQ)*Slﬂiﬁﬁi-EB*SIN(DC):COS(DC)*COS(SM))

DM=EE/C(DD/ 3422, 7 xPLeCR)
. GC=zm/bmEad

GD=GC*RR*7,5/DM
GE=7S/DSxx3

HHsHD+RN+SA
HM=HH= AN

HS:HH#AS R
BM=RB*SIN(EM)4RAXCOSCEMIHCOS (HM)

BS=RB*SIN(ES)+RA«COSCESY#COS(HE)

TF (1C.EQ,3) DT(MM)=(3. 4GC*BM4GD* (5, *BMax2=1,))*COSCEM)#SINCHM)

A +3,xGE«DSaLOB(ESIASIN(HE)

IF (1C.6Q.33 60 T0O 1

DA=GC*(1.*3.*BM**E)¢GD*(3a*8M05.*8M**3)+GE*C15'3-*85**2f

DB (3, %GCABMEGD A (S5, KBIa#2=1,)) % (RB*COSCEM)#COSCHM)~RAXSINCEM))

A 33,4 GE4BSx (RBHCOS(ES)#COS{HE)~RAXSIN(ESY)

O IF CICLEQ 1) DTMM)=DA+GN®DE

IF (I1C.EQ,2) DT(MM)=DB=~GN=DA
A CONTINUE

Tl=T1+XT
L TT=TTHNT

HD=HD+ XK
2 CONTINUE

RETURN
END




A Proposal For Modelling The Body Tide of

Gravity And Tilt

5

Klaus Schiller, Institut fiir Theoretische Geodisie

der Unlversitit Bonn

Abstract: Due to the different elastic responses of the Earth

.
with respect to w2 and ws body tide constituents,
the assumption of constant tidal admittances 8,y is

not valid, when W, and WB constituents are included

in a frequency band group. Hence, it is proposed to

normalize the W, constituents relative to the W? ones

3
by means of a proper set of Love numbers. The similar

problem arises when the w19P1§01;&19w13@1;6 =ZrOUp

i
h
resolved due to the record length. Then,

e
because of the

core resonance, the constant
admittance assumption does not hold as well. There-

fore it 1s proposed to normalize all constituents of
this group to K1 by means of a suitable liquid core

Farth model. Following these proposals model errors

can be avoided.

1. Tidal admittances for gravity and tilt

from Love's theory

According to Love's theory, the body tide admittances for
gravity and tilt are dependent from the potential degree

and associated Love numbers (MELCHIOR 1978):

p 2. n+1, )
6 = 1 + :Qr\ e ‘__...,._.l..y:v ( :;. ° 13. )
7 non n ¢!
v =1+ k -n (1.1b)
n n n

For the Gutenberg-Bullen A Earth model of FARRELL 1972, one

can numerically derive for

6, = 1.1554 , v, = 0.6926

N
P
P>

.2)

55 = 1.0671 , vy, = 0.8051

AN




[

Setting up the ratios

5.
] K
kg =5, » K

) ; (1.3)

i
<] =
[ASIE LW

we find for the Outenberg-Bullen A model of (1.2):

i

g 0.92%6, k= 1.1624 (1.4)

As W, and W, can be represented both by zonal, tesseral
and sectorisl sperical harmonics (MELCHIOR 1978) it is
slear that a frequency domain evaluation of the associated

forces share the zame frequency domaing. Hence, the assump-

§,v over the different fre-

O
VIO On oOonh

guency bands

Ve
Mol zation procedure for taking into account

W, W, dnteractions
2L A

caunt Lhe different elastic res-

to W.,, W,, one has to normalize
< P

those frequency bands where inter-

actions cccur. This is done by multiplying them with the
W ¥ ratios of (1.3%):
s K,

‘“T ‘ ) T . r}j—, T
Aﬁ = K Ag , A = RYAY (2.1)
ol e ¥ i ;:)

where kSQ ¥  may be derived from a sultable set of Love
5 Y -

numbers. Consequently, the

simated admittances refer to
w?werigin@ As these interactions take place in the long-
périﬁdiﬂ, diurnal, semidiurnal domain, only szcansﬁituents
are of interest so that the proposed way of normalization is

justified. - The effect on the estimated admittances, when

W, W, is mot baken into account, is illustrated
S
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and multiply the theoretical amplitudes by them.
= _ T
A (wi) = kGSY(wi)A (wi) (302)

The estimated admittance of this group will then refer
to K1 constituent.

REFERENCES:

FARRELL, W.E. 1972 Deformation of the Earth by surface
loads. Rev.Geophys. Space Phys.,
10, 1972

MELCHICR, P. 1978 Tides of the planet Earth.
Pergamon Press. 1978
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Revised Method of the Pre-processing of Tidal Data

Sinzi Nakai

International Latitude Observatory of Mizusawa, Japan

1. Introduction

As some difficulties such as interruptions, instrumental drifts,
sensitivity variations or misreadings are usually involved in the original tidal
data, 1t is necessary to correct or adjust them so as to handle uniform and continuous
data prior to the harmonic analysis. A pre-processing method which can simultaneously
solve these difficulties was already proposed.

This method has been applied to the tidal gravity data in Japan and
proved to be effective. However, as the method has been constructed under the assump-
tions that the tidal factors for every tidal constituent are equal each other and the
phase lags in terms of time are small and equivalent, it is valid only for a limited
case. The validity of the method can be expanded for a general case when the mutual
ratios of tidal facters and the phase lags for at least the main tidal constituents

are known in advance.

2. Method

The reading value on the record at time t is given by

Yt = Tt + Dt’ 1)

where T is the tidal part and D the instrumental drift.
T can be written by

Tt = a.R(t - At), (2)

where a is an unknown parameter havirng the dimension of the reciprocal of sensitivity,
R(t - At) is a tidal acceleration to the rigid Earth and At is a mean time lag.

I At is small, R{t - At) can be expanded by Taylor’'s theorem,

R, at’ dR

Py . > oeo s
d 2 gt

where the third and the higher terms are very small and negligible. The instrumental

Rt - At) = R(t) - At.

drift can be approximated by a polynomial of the time. Assuming the drift as a

polynomial of i-th order, we get

.
Y. = a.r(t) + p.ORLEL ij £, (3)
j=o

T dt




shift on the record occurs,

(2) into two terms: ons

en by k' - K .
Wy 0

when the parameters are deter-

main

displacements on the record corres-

-

e

atter-effects

“fects can be

also Find &

in the

[

of tidal

i

cach calibration. When

consider that the cha

tidal factor remains constan

a by compering one by one

ones

I

accompanied by appl

cessing method is avai-

&

i

he theoretical amplitude,

ic
w the freguency. ¥ b eoretical phase and B the phase lag. In (4], k, w and X can be

known thepreti B should be derived from the observations.
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In practice, o and B are obtained not for every tidal constituent but only for the
main constituents in which each of them represents a tidal group with many smaller

terms having their freguency close to it. Therefore, (4) can be modified as

m ﬂm
Tt = a 2{2 o kij cos(wijt - Xij - Bi]’ (5]
i=1 j=1

where m is the number of tidal groups and n., the number of constituents inside

m
the m-th group.

For making use of (5}, all values except a should be known in advance.
The theoretical values can be got by using the table given by Cartwright and Tayler.
When o and B are not available beforehand, they should be derived from the data by the
conventional method. Such values are merely approximate ones. We can get better
values after substituting them into (5) and doing over again. Even in the case when
the correct values of o are not available, it is sufficient if the mutual rations
of them can be known. Adopting the normalized o in which the mean weighted with the
amplitude of each group tecomes 1, a in (5) has the same significance as a in (2].
Then, the tidal part of (3] can be replaced by (5). In the modified formula, the
parameter related to the time lag as in (5) is no more included. So this new formula
will be applicable to any tidal deta. After substitution, the pre-processing procedure

can be made in the same manner as described in the previous paragraph.

4. An example of application of the new method
The revised formula has been applied to the half-hourly gravimetrical
readings with LaCoste & Romberg gravimeter G 305 obtained at Baguio (The Philippines).
At first, the old formula was applied to the 108 days data for every day with a 3rd
order approximation for the drift, because the correct o and B values were not avai-
lable. The calculated 1/a, At and standard deviations in (0-C) are shown in Fig. 1.
In this figure, the large systematic effects corresponding to the high and low tides
are recognized in At and SD. The cause of these systematics effects may arise from
the wrong assumptions stated above. At any rate, the preliminary results based on the
previous procedure have been obtained as in Table 1. It is obvious that at Baguio the
phase lags and the tidal factors of the maein tidal groups are significantly different
gach other. From Table 1, the normalized o have been calculated as in Table Z.
Substituting o given in Table 2 and B in Table 1 into (5), the pre-
processing has been carried cut again. The revised 1/a and SD are given in Fig. Z.
in Fig.2, it is clear that the systematic effect in SD vanished and SD themselves
become.very small as a whole. Moreover, the variation of 1/a is smoother than in Fig.1.
The calibration velues and interpolated data have been also redetermined by the

revised formula. New results are shown in Table 3.
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From Table 1 and 3, it is obvious that the new results are almost the same as
the preliminary ones. From the point of view of accuracy, the new results have not
been so much improved. This may be caused by the fact that the assumed variations
of sensitivity in both calculations have been virtually the same and the data ares
somewhat different only for exceptional interruptions.

In the pre-processing, however, the use of (5) instead of (2} would

.
be superior, because (5] is a formula generally applicable.

REFERENCES

CARTWRIGHT D.E. and TAYLER R.J. : New computations of the Tide-generating Potential
Geophys. J.R. astr. Soc., 23, 45-74 1871

NAKAI S.: Pre-processing of Tidal Data,
BIM, 75, 4334-4340 1977

Table 1: Preliminary results through the previous pre-processing method.

Station: Baguio - Instrument: LCR 5305 - Period of analysis: 21,12.77~3.2;

Group ~ Amplitude Tidal Factor Phase Lag
&1 4,77 ugals 1.300 * 0.0389 -2.895 * 1.74
01 16.82 1.225 0.008 -6.29 0.40
M1 0.45 0.969  0.251 -15.83 14.83
K1 o 31.35 1.139 0.004 -5.16 0.22
J1 1.55 1.150 0.088 2.33 4,38

2N2 | 4.90 1.224 0.013 =1.21 0.60
N2 18.00 1.173 0.003 -1.35 0.14
M2 84,08 1.177 0.001 -1.83 0.03
L2 3.73 1.222 0.014 -1.19 0.66
sS2 34.68 1.167 0.001 -2.00 0.07



Group

01

A
i

K1
J1

2N2
N2
M2
L2
32

a1
01
M1
K1
J1

Table 2: Normalized Factors

43858

o o o -

104
. 041
.823
.867
.877

2N2
NZ
M2
L2
S2

O =2 a8 0O 9=

Table 3. Results from the revised method.

Amplitude

4.,

16.

]

17

3 ugals

B4

/4

« G0
.28
.50

.78
.90
84.
.82
34.

08

68

Tidal Factor

1.

1

o.

-

290 £ D,
220
868
1386
116
.188 0
187 0
.178 0
254 0
. 167 0

o
g
0.
0

038

.013
. 003
.001
.014
. 001

«040
.996
.000
.038
<891
Phase Lag
-2983 * 1972
-6.21 0.40
-9.10 15.90
-5.19 0.22
1.02 4.44
0.62 0.64
-0.93 0.14
-1.62 0.03
0.24 0.66
-2.20 0.07
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Relative sensitivities 1/a, mean time lags 4t and standard
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the low quality data either from the residuals eilther from anomalies of the
amplitudes and phases. Comparing the amplitudes and the calibration displacements
at the same epoch we are able to check the bad calibrations (fig. 2).

The best calibration table is then obtained and a linear inter-

polation method is used to compute the sensitivity at any epoch required.

As the real accuracy cannot exceed 0.5 per cent for calibration
displacements of 10 cm and as the dispersion of successive calibrations is of the
order of 1 per cent (tabde 2) the linear interpolation will introduce a noise in
the data.

To improve that situation we can try to smooth the calibration
data. This is only possible for the automatic calibrations giving two displacements
a week (table 2, fig. 3.

With the other instruments we can smooth the apparent amplitude
ohtained from the program MT32, find the mean ratio to the available calibration
displacements and deduce the eguivalent sensitivity.

We can rise a first objection. As the Nakai procedure give a
global result for diurnal and semi-diurnal waves and as the relative contribution
of both species depends on the Moon and Sun celestial coordinates for any geogra-
phical location,we must expect periodic fluctuations of the apparent tidal amplitude

(fig. 4). We should thus apply a high degree of smoothing.

Two programs have been designed
MT 41 - Smoothing of a time serie applying the Vondrak procedure.

MT 42 - Interpolation inside of a smoothed serie and comparison between several series.

A first complete experimentation has been performed on a very coherent serie of
observations performed at Istanbul with the gravimeter Geodynamics Geoc 783 equipped
with two independant electrostatic calibration voltages called OC and NC. The corres-

ponding calibration displacements are proportional to the sguere of the voltages.

<
i

Y
oc 54.8 V

VNF = 50.0V



and we have thus

=

=~

=
i

1.2056

We Ffilrst checked if this ratio is well observed through the sensitivity table.

We smoothed independently the two sarieé of sensitivity factors through the program

MT 41 and compared the results with the program MT42 (table 4). For the same smoothing
parameter £ = ﬁGmS the BC data (25 points) show a dispersion of .008 and the NC date
{23 points) of .006.

The mean ratio between the two series 1s 0.8968 =z 0.007 and no
systematic error is suspected. Unhappily the distribution of the.residuals is not
random. During the first month of registration the NC sensitivity factor
iz systematically one per cent higher than the 0C factor. In practice it corresponds

to the beginning of the station characterized by electrical power troubles. During

that period the callbration voltages were
 d

VGE

55.4 V

? = - EW\\
MNE 50.5 V

For the following tests this period has been neglected. As a next step we smoothed
the apparent sensitivity data from MT32 {(table 3). The three anomalous periods shown
in table 1 are eliminated by applying a very low weilght. The resulting dispersion

is one per cent. We smoothed also the amplitude of the calibratilon displacementé
independently for the OC and NC series.

By comparison of the smoothed data we have a mean amplitude ratio

{table 5, fig. 5]

ADC/ANC = 1,204 =« 0,008

Comparing the smoothed serie MT32 to the OC and NC series we find ratios (table 6@
fig. B)

0.866 ¢ 0.008

1.162 & 0.007

We are now able to compute & calibration table from the smoothed OT + NC table

and also from the smoothed MT32 serie.
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We applied a standard Venedikov computation using the three available calibration
tables

1- individual calibrations

2- smgothed calibrations

3- smoothed MT32 sensitivities

The results of the global analysis are listed below.
The smoothed calibrations produce systematically lower § factors with respect to

the standard procedure but do agree perfectly between themselves.

The discrepancy is probably due to the perturbation in the calibration voltage

during the first month, neglected in the smoothing procedure.

The noise slightly decreases for the semi-diurnal waves and is constant for the
diurnal ones. The RMS errors on the § factors remain constant.

The 6(01)/6[K1] factor slightly decreases.
The comparison of the 5 successive monthly analysis show that the improved calibration
table did not reduce the dispersion. It seems that this dispersion results from
instrumental errors (table 6).

The complete agreement between the smoothed calibration tables
obtained from the calibration data and from the MT32 apparent amplitude is very

encouraging.

BIBLIOGRAPHY

NAKAI S. Preprocessing of tidal data
Bull. Inf. Marées Terrestres n°76 pp 4714-4719 1977

Robinson - Vondrak.

Institut d'Astronomie - Université Catholique de Louvain 1872
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ABLE 1

e 3

Station Istanbul

'ggpcﬂasive Applications of & lesst squaras fitting on 48 hours.

TR32000839667711190
7832000838687751210
78320608 3470F751230
$832000434727713250
7832000438747 T11270
783200083876 7711290
TE320604388077102 22
7832000434827712 82
TEIZ0ODMIUBRTTED 62
7832000434867712 82
T832000414907712122
FBI2000436927712152
78320004 34987712162
7832000834967712182
7832000834987712202
7832000435007712222
PR3IZ000435027712202
7832000635087712262
7832000835067712282
7832000435087712302
78320008351878 1 92
78320000352178 1122
78320009352378 1182
F8320006352578 1162
783200083527178 1182
78320008353078 1220
78320006353278 1280
78320004353978 1260
78320008353678 1280
76320004353878 1300
78320004354078 2 10
783270004352278 2 30
FEI20004356878 2 50
78320000354278 2 70
F8320006354878 2 90
78320002355078 2110
T§320004355278 2130
78320004355478 2150
78320008355678 2170
$8320004355878 2190
78320004356078 2210
78320004356278 2230
76320006356878 2250
78320006356678 2270
F8320004357078 3 30
78320004357278 3 SU
78320000357478 3 70
$3320000357678 3 90
783270008357878 3110
78320004358078 3130
78320008358878 3210

CPE3ZLODA3ISYITE 3260

7832000359678 3290
78320004359878 3310
T8370008360078 & 20

FO320000360278 & 4Q
TEI20004360478 @ &0
78320008360678 4 20
THI20008361 378 wind
T8320008%631878 w200
76320004362078 8220
18320008362278 8240
TRIZOOOB 362878 6260
TBI20004 362678 280
T8320008362878 300
FTHIZOO0RIAZ0TE 5 20
T8320009365278 5 80
T8320008363878 5 &0
TR320008363678 & 8O0
78320004363878 5100
TAIZO00u365078 5120
FEI200Q0 368276 5140
Taszon0nisaeTs 5160
78320004364678 S180
78320008364876 5200
78320008365078 5220
7632000u365278 5240
78320008365478 5260
T832000%365678 5280
73320004365878 5300

A: Appsrsnt amg;ituds

{Hahai Procedurs]
$.80821 “lebl
9.71199 ~1.87
P,T2615 LY L]
G.BEEEE -5, %8
F.BRITY «2s56

1008246 2. Bb
FeBINZH ~1a78
if«130k8 P83
2.,758%¢ =138
B.8308% =173
GLRE0OTT ~2s98
9.55260 287
$.70900 s 25
F.,78198 -2, 33
B.29599 57.%8
9, 86989 «2:63
9.85125 ~2.6%
2,.,90748 ~3,20
P.9ETIYV <377
2.06827 #1.15
i0.01012 -5.9%
1007728 -1.18
F.96962 Er S
G.BBHZS 01
F.91700 =s8
10.01232 =~lal8
L9.99908 =228
1030988 -s BF
10.31773 s 72
9.97333% B
10.0%887 320
i0.03638 ~1s53
10.127%8 -y 88
10.18380 a8
10.19831 =148
10.135%%8 =80
i0.0399% =408
9.71599 ~fa88
10.036811 “3a12
1022103 ~1420
10,1870 =, 84
i0.18168 “5.29
iI0.,19%588 “1.33
i0.0813% L5
10.03000 -1.08
10,1%323 =1abl
10.2588% =1.09
1135036 -. 33
10.28573 -. 28
S.88846 B 98
10.26708 “L 522
10,2836 2B
10.060872 « 79
G.98292 ~3:.5%
10.,13%68 -~
1028659 »06
1026580 - 33
10.28589 ~s 0
%,90570 -o 37
10.3%207 “s1%
10.22127 - B9
10.15821 « b8
ig.n9188 53
G.B8879 s 20
10.05%828 ~o 88
10.37208 218
$0.35710 223
10.17164 « 77
1018518 135
10.03807 4
10.07280 ~a 6%
2.89771 -2 79
10.1763% “1e71
10.20068 - %3
10.14889 e Fh
1057880 s 16
10.0221% « 51
G,99373% -, 88
G,eRu70 ~fe82
10.22276 ~a 88

PHIs Globsl Phase Lag (minutes)
PRIETs Orift of ths msan poaition

[ S RN SR 3 S S SN Sy

130947
1108.59
§1310.08
1310.50
1887.:28
1122.83
1118.99
182208
1123.36
$328.38
1173.09
1180.03
1879.5%
13181.02
119330
1130.5%
1128.98
13834.79
1332.27
1138.60
1122.12
111102
110%.5%
1101.83
1099.92
1096.63
10%3,78
109%.7%
1089.28
iges.ia
1081.60
1682.95%
1077.52
1081.7%
1082.59
1072.8%
1078.6%
1073.1%
1069.21
1063.72
1057.98

C 1049.23

1083.28
1088, 18
1133.58
1123.80
1115.28
1110.88
1i108.27
1096.28
111763
1116.2%
110813

1102.09

1i101.28

1098.22
1092, 00
1089.85
11%%.%m
1101.09%
109722
1096.52
1088.86
1088.95%
108028
107608
1077.88
1076.08
1075.%8
1872.99
1070.99
106871
10964, 8%
10587 .6%
10%%.90
108%.28
108,580
10%6,22
108183
i081.3%

.22
Ee32
1.07
1358
‘.‘s
227
189
‘.37
.07
1,29
231
110
1.60
1od®
18.33
1.08
ie.im
122
137
20.8%
1.62
92
90
=588
88
541
.37
«T0
«59
IS4
263
1.03
1e87
1.06
.'!
4%
« 73
«66

2 TE .

§.%5
io18
+5?
58
1.09
117
1.26
1.38
1.37
« 73
27,88
.81
» %0
92
B2
G028

1.86
« 77
&2
<60

lell
LY

1.88

119

1.00
L)

132

130
88

1,00

107
265
7%

1.58

1e13

1.06

182

1.80

1.08

1.22

1,22
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TABLE 2
STATION TISTANBIIL

CALIRPATINN TABLF

INST STATION EPOCH JULTAN DATE DISPLACFMENT SENSITIVITY
FACTOR

0 783 2non 1977 11 19 17 43467.208 10400 117577 NeNN34n olg
0 783 2000 1977 11 22 14 43470.083 8,465 1.20024 0.00071 NC
O 783 2nn0 1977 11 26 15 43474,12% 10290 118834 DeN04LEL 0¢
0 783 2n00 1977 11 29 8 43076.833 8,480 119811 D.00287 N
0 7832 2nnn 1977 12 2 9 43479,87% 10,280 118949 DeNOLAR ne
0 783 2non 1077 172 6 1N 434872,917 Rel65 le?NN24 NeNNP 1R M
Q0 783 2non 1977 17 9 14 42487,0873 10270 1616964173 -NeNN1 14 ~r
0 782 2nnn 1977 12 17 2 420L00,837 Rel7D 1187064 NamnOON N
0 783 20nn 1977 12 16 11 424072, 96R 1n.370 lo1581% DeNNK61T nr
N0 783 2nr0n 1977 12 20 13 43498,n42 8e5N0 117647 0eNN27T7 NC
0 783 200N 1977 12 23 13 43501,042 10490 lel&&On ~0e02977 0c
0 783 20nn 1977 12 27 7 L435NL,T92 Be0470 lol8N64 Ne"N270Q NC
0 783 2n0n 1977 12 320 8 435n07.833 10,240 le1728% NDeNN69] oC
0 783 20nn 1978 1 13 8 43521.832 8,735 1.14482 0.N0197 MNC
6 783 2000 1978 117 19 43625,917 106440 115028 Nen066% 0c¢
0 783 2n00 1978 1 2¢ 12 4352Q,00N0 BeHT75H 115274 D.70200 NT
0 783 2nnn 1978 1 24 14 425223 ,1083 1Nn,37" lel®5750 DeNNHR04L ale
0O 783 2npn 1978 1 27 16 435246, 167 A bE8 1o15140 Ne™N199 N
0O 783 ?2rrn 1978 1 3] 430629, R3272 1ne2r4 115327 Ne "NH LD e
N 782% ?2n0n 1e7e 2 212 A2EL o ANN ISR 1184674 NeNE e e
0 783 2nnn 1978 7 7T 14 H3RLT,NER 1ng237e 115780 NeNNAGD il
0 783 2nnn 1978 2 10 14 LBASENTAHT 8eHln 115674 N PNNAT N
0 783 2n00n 1978 2 14 8 43553,833 1n. 40 1.14928 DoCNEEZ nec
0 783 20nn 1978 217 13 LARRT NG B8.,770 l1el16728 D.020130 NT
0 783 2n0cn 1978 2 21 14 435861,Nn83 10,370 1.1581¢ Se"N336 C
0 783 2n0n 1978 2 24 14 438564,Nn873 R, 650 1.15607 DeNO4LOD N7T
0 783 2000 1978 3 1 7 43568,792 10510 114272 0.01209 0C
0 783 2n0n 1978 35 12 43573.,000 10300 1.76602 0esD0007 oc
0 783 200N 1978 3 7 14 435T75,NE83 8.660 1015473 D208 25 MNC
0 783 20n0n 1988 310 7 4T723n,782 In.52¢% 114109 0eM1372 ne
N 783 2nnn 1978 3 27 7 43594,792 Be7NH 114877 NeNNOES e
0 783 2non 1978 2 207 43597,797 1N L&D 114878 ~“NeNOBRE ole
0O 783 200N 1978 4 4 13 43602,040 2,750 114286 Ne.7000N NT
0 783 2nnan 1978 4 7T 6 436Nn5,75Nn 1n. 500 14381 ale
0 783 2r0on 1978 4 1" 6 L3608,750 10,520 l1o14163 ne
C 783 200n 1978 4 20 14 43619.,083 B.68% lo15141 000332 MC
0 783 2000 1978 4 25 17 43624,208 103860 118927 0.C0RTE ~C
n 783 z2nnn 1678 4 29 A LAADE,TED 2, 74T lel4416 DeNCR26 N
0 783 2n0on 1978 5 2 13 42631,042 10.390 1155972 000671 ole
0 783 2000 1978 5 5 15 L43634,125 8,690 115075 000390 NC
0 783 2000 1978 R a 6 43627,750 10,657 112770 De70NCC 2C
0 783 2n0n 1978 5 12 6 4364N,78N PoT75% s 14220 DeN01CA INg
0 783 2n00 1978 5 16 1?2 4345 ,000 1n,58% 1e134672 NeNO3T4 ne
N 783 2non 1978 = 20 18 LRAKLI 175 Re6725 1152472 CeN0744 NC
0 783 2000 1978 5 22 18 LAGKRT 175 10,470 114709 =N NN109 ne
0 783 20nn 1978 5 27 7 43655,792 Re665 1158407 Qe NO/[02 MO
0 783 2ren 1978 5 30 11 43658.958 06525 1e14109 NeMNNARL ncC
0O 783 200n 1978 6 2 11 43661.958 8. 850 1612994 0:0025%4 NC
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TABLE 3
3mnothing af the apparent tidslyampiitudss obtained by the Nekal Procedurs

E,e

Ohserved value

Smoothed value

[ 3
®

= Canigoe
TSULLIEN ags L1s RES
93866.50 2,848 9,762 <.086
53656050 9,712 %783 2071
53870.50 F.T26 $.814 087
B38T2.50 P.845 GoB850 006
53476.50 g.868 9,687 =001
8367650 10,062 9.987  ~=o125
43680.00 9834 $.938 « 101
%3882.00 10.130 P:.926 =.20%
83688.00 P,759 2.%06 LN
43886.00 9,831 9.882 +081
@3490.00 $6861 2,839 o021
83492.00 5993 9,823 =-,130
«;uvu.pa 2,709 812 2103
- §3496.80 9,782 9,811 « 029
B36968,.00 2,296 2.82% 74
63800.00 2,869 9882 =,028
§3502.00 $aB51 9.870 019
5350800 9907 §.908 =,003
83506.00 9.968 F.980 =.0U28
83508.00 %.068 F9TT 908
838518.00 10,0180 10.021 o011
C #3%21.00 16,077 9,992 =.08%
B38235.00 2,970 8978 L 00%
%3525.00 9,888 P.968 =080
63527.00 8,917 P564 2087
§3830,50 £6.012 9,988 «.02%
§8532.50 $.,999 10.080 011
§35348.50 10. 409 10,032 ~-.078
63536050 10,118 10:.051 =.0867
8353850 G973 10,068 0%
n;s~n.su 10,088 10,083 © .029
#3542.50 10.036 10,007 081
43540 .50 106127 10109 =019
43546.50 10.188 10.158 =070
§3548.50 10e1%8 10.111 =.087
§3550,.50 10.136 10,103 ~-.032
43552050 10,080 10096 2066
43554.50 9.937 11,098 157
63556.50 10,038 10.101 087
$3558,50  10.22%  10.113 =108
83560.50 iG.187 10.12%8 ~.082
B3%62 .50 i0.162 10,133 ~.028
83568,50 10,195 10437 <.059
5386650 10.081 10.139% L0G8
5357050 13,030 10.168 +138
5§3572.50 102193 10,191 ~.002
8§3575.50 10.28% 10.219 ~.03%
83576.50 10.350 §0.25 «.106
§3578.50 18,250 10.263 0313
§3580,50 5.88% 10.273 @.388
§3588.50 10.2867 i0.283 =-.025
53593.50 10,248 10,578 ~.07%
83596 .50 10,099 10,168 052
4359850 9.883  (0.152 s169
83600050 10138 10-16% 2031
635602.50 10.887 10,3181 =105
4360650 10,266 10.19% =-.072
8360650 18285 10196 <-.090
©36313.00 9,906 10-180 s 238
43618.50 10,352 10.163 ~.i89
8362050 16,221 10:.15% =-.0%2
63622 .50 10.358 10,153 =,00%
8362850 10.092 10.150 »0%8
8362650 9,948 10158 s211
8362850 §0.05%6 10168 2112
§3630.50 310.372 10,181 ~.191
83632.50 10357 i0.38% =172
23635.5%0 i0.172 10.178 003
83636,50 10.18% 10153 ~a032
@355638.50 10,034 10,129 .09%
83680.50 $0.072 10.11%0 +038
a3682.50 9,898 16,100 2202
83688 ,50 10,176 10.0%F ~.0719
53686.50 j.201 10:096 =.108
5865850 §0. 185 10,092 =,063
a36%0.50 10,178 10.082 --093
43652.50 10.028 10.071 087
a3654.50 9.998% 10.067 e
8365650 %.943 10.877 «132
43658.50 10,223 10,108 =-.118
$is <3R4 2Y
T SULIEN
088
LIS
RES

Julian Date

£2 = 000100
X

LIS
2.75%
9.798
9.832
Febbl
SeBBY
G.89%
9508
P.303
9.6%3
2.87%
§.858
F.,865
9.839
F.83%
s PeBULY
2,858
3,889
9.808
9.908
® 9.929
T 9.%83
$.,983
F,983
F.988
9.9%0
§0.006
10,019
10,033
10.087
10.061
l0-073
10,084
10,093
10099
10102
10.108%
10,108
10.107
10111
10.116
10.128%
10.132
10,182
10.15%
10.382
106197
10.212
10.228
10233
& 10239
10.22%
10.193%
10.181
19,179
10371
ip.170
10.169
10,1867
10.158
10.182
103163
130163
10.16%
1.168
10.166
10.168
i9.162
10,1595
i0-.188
i0.134
10,123
ig.112
10.3:03
106,098
10.087
10,083
10,078
10,077
19.080
10.088
- 11550008

fifference {ocbserved-smoothad)

€., £, Smoothing persmeter {Vondrak method}

RES
=093
08¢
105
« 056
<008
~s183
2073
“,232
s 138
089
=, 006
=o 108
«130
087
568
~e 015
018

=020

=. 060

-850
-, 027
-2 098

2083

=101
073
=s U0&
+020
=2 076
~e071
088
2019
2088
s 0338
i.BQS
~a 058
~.032
2085

o170

s077
=108
=5 068
=029
=053
<072
2152
- 008
-o0u3
~ei26
=016
6,358
UL L
B
082
« 192
2038
~a 417
- 097
-2 118
252
~e 190
- 089
L 00%
«073
223
=118
=.2086
0198
=038
- 039
-100
080
«218
=, 078
=, 106
=058
=093
053
2083
136
=s 138

€% = 00000

@
Lis
9,792
9.818
P.833
G808
G861
9870
8,878
F.880
P.879
FoBTT
G871
$.869
9,867
§.8867
o 9.869
9872
9877
F,884
§.893
® 9.902
9,953
$.969
9,97
$.989
G999
10,017
10,027
1G.037
i0.087
10.056
10065
10.073
10.081
in.088
§0.095
i0.102
10109
10.115
10:.123
10130
10.138
10.167
10.185
10:36%
180183
10189
10,1986
10.202
10.207
% 10,210
10.208
100197
10,190
i0.18%
i0.181
10.178
10.17%
18.172
B0.168
idal6e
10168
18.163
10162
10160
10157
10.158
§8.150
10,285
i0.139
310.333
10.126
10,118
10811
iG.108
10,097
10.091
10.08%
10,060
10.075
10073
+11839782

RES
=088
o102
507
<304
‘002?
=s3173
2088
=s259
0120
2 0ub
030
=o0B%
158
069
«573
003
2026
“Q23
=075
+838
=057
-5 109
2009
«10%
- o082
«00%
«028
-.072
=071
00‘3
08 E

037

=, 086
o095

“.103

‘003i
<069
178
2089

o091

=.049

=018
L]

2083
2151
- (08
-.058

=188

?.0&3
6.32%
=060
=052
091
202
048
- IN9
=:091
=s313
260
=,188
=.058
008
070
0215
- 101
=9218
o207
=a027
- BuG
098
2083
«221
=.06%
=096
=048
=083
061
-086
=130
'alsz
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Table 4

Comparison of the sensitivity factors deduced from the OC and NC pulses

43470.00
347700
43454.00
43491,00
43498,00

4u3522.00
43529,.00
43536,00
43543,00
43550.00
43557, G(
63564 ,00
43575,00
43595.00

43602,00 .

43619.00
43627.00
43634,00
43641.00
43649,00
4365600
43662.00

RAPPORT

NC

1.20157
1.19861
119365
1.18692
1.17920

le154b8
1.15197
1.15123
115127
1.15159
1.15178
115229
1.15261
1.14303
114587
114624
l.10801
1.15008
1.15160
1.15091
114592
1.,137¢58

299584

oc

1.18272
118058
1el7049
116728
14161321

1.15556
lelS014
1150625
1615574
115469
115313
1.14957
1elb581
1ells3s
1.14879
lellupls
lolu4a60
1.14123
1.13979
1. lui57b
1.18205

OC/NC

e ¥B8Y 31
s GELO9G
e 95395
e GAIUEL

W 9EUB2

1.00360
1.00253
1.0007%2
«99736
e FE8NG
.04

™D ol
lﬁkluLZg_

1.00015
e5952
« 59110
e G9U3Y
60540

1.00393

DISPERSION =

Discre-
pancy
-, 0115y
"9013:'8
~.01190

-, 012739

= =

o LB U0
s 0776
U6
© IUP' Q‘ Q(}
o 312
L0222

s UGS

s USG5 Y

-, COU20



JULTAN
DATE

43481.00
43498.00
43505.00
43522.00
43529.00
43536.00
43543.00
43550.00
43557.00
43564,00
43575.00
43585.00
43603.00
43818.00
43627.00
43634.00
43641.00
43648.00
43658.00
43662.00

Mean Ratio:s
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TABLE 5

Direct Comparison of the Smoothed OC and NC Amplitudes

NC

AMPLITUDE

8. 450
8.493
B.542
8.657
B.678
8. 685
B.686
8.684
8.683
8.679
. B.B7B
8.710
8,727
8.724
B.711
8. 695
8.683
8.669
B.727
8.791

1.204

oc
AMPLITUDE

10.334
10.370
10.374
10. 381
10.384
10.383
10.386
10.392
10,402
10.416
10.448
10,486
10.478
10.444
10,461
10.494
10,525
10,539
10.530
10.509

Dispersion: 0.008

RATIO

1.223
1,221
1,215
1.1989
1.197
1.196
1.196
1.197
1.198
1.200
1.204
1,204
1.201
1.197
1,201
1.207
1,212
1.213
1.207
1.195

DISCREPANCY

0.018
0.017
0.011
-.005
-.007
-.008
-.008
-.007
-, 008
-.004
0.000
0.000
-.003
-.007
-, 003
0.003
0.008
0.008
0.003
--008
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TABLE 6

Comparison between the apperent ticdal amplitudes A and the calibration displacements

of 0OC and NC

JULIAN : DISCRE-
DATE oc A RATIO PANCY
43487.,00 10.300C0 « 95681 - 0734
43494,00 10.,35300 £ 95306 -,01309
43501.,06 10.37600 c9S 16U - 105
435CR, 00 1037470 s G5H LT - 1145
43526.00 10.384C0 s 906244 -.C0371
43532,00 10.383C00 10.02950 296595 ~. 00070
435uC.00 10.38400 1U0.u628Y 096507 WCT20:
B3547,00 10.3£900 13.08975 297120 . 00575
U3554,00 10,39800 D.11331 297262 sLCBuT
43561.00 0.40900 10.1u016 97417 LERF
U3569.00 10.42900 1017478 e 97562 W C0YYT
43573,00 10.44100 10.19084 097604 00989
43578,.,00 10.45800 1G.20594 097590 .G09TS
43592,00 10.485003 10.18616 097150 L G0578
U3606.00 10.47100 10.,17275 e 67152 005727
43609.00 10.46200 10.16501 97230 L0053y
42624.00 10.45100 15.16225 067237 W UGe22
43631,00 10.48000 1G.15339 563581 s ON266
4U3636,00 10.51400 10.,17459 « 96391 -.0Nz2u
43645.00 10.53500 10.17926 095956 -, 00656
43651.00 10.538C0 106.08950 s 95Ty -, LURET]
43659.00 10.52103 16.07016 L 9571¢ -.0N9NC

RAPPORT = 096615 DISPLRSION = Lo783

JULTIAN DISCRE-

DATE NC A RATIO PANCY
43491.00 8.45000 556992 116304 2005567
43498,.00 8.45300 9.86900 1.16202 -.00935%
4350%.00 8.54200 9.98825 115760 -, 00477
43522,00 8.65700 G.9TUNT 115214 ~el 15723
43529,00 8.676C0 10.C093%6 1o183u2 -, ;0895
43536.,00 £.68500 10.0u4459 1.1565¢% -~ (17563
43542,00 8.66600 15.07500 1.,15961 - LC2UG
43550.00 5.68400 10,1002% 1,16309 sonn72
43557,00 £.62300 12.12u454 116605 036G
43564 .00 5.67900 103.15291 1.16982 sol'7u5
43I875,00 8.6760C 13.19759 1.17538 .01371
43595,00 6§.71000 10.19254 1.17033 00796
43633.00 £.727C0C 10.1772% 1elb618 « 0 331
43619.00 8,72400 10.156400 116506 0269
43627,00 5.711C00 156.,15925 1,16626 00353
43634,.00 8,695C0 1J.14634 116692 LNy 5%
43641.,03 B.68200 15.,12479 116597 L UN36C
43649,03 §5.68900 13.050541 1o161¢6 -, 0Na51
43E56,C0 §.72770 12.27616 1617U6( -, G776
43662.00 8.79150 13.3765¢ 1.18424 ~el1614

RAPPORT = 1,16237 GISPIPSION = LLN698
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TABLE 7

SUCCESSIVE MONTHLY ANALYSIS

Ao LINEAR INTERPOLATION

8 04
11666
11654
1.1610
1.1625
11562
lel621

+ 00020

1.1588

+ 00036
D 3633

SD

§ My
1¢1743
lol664
1.1786
11874
1e1844
l1el782

+0,0037
1,1811

00013
2022

Bo SMOOTHED CALIBRATION CURVE

§ U1
101704
1.1582
1,1589
1.1545
1e¢1463
11577

+ 00039
11547
D 3641

SD

§ Mo
161750
1e1674
11771
11793
1.17568
1.1750

00021
11767
1,79

Co APPARENT SENSI%IVITY CURVE
§ Dq M2
11667 11706
116585 11754
11523 11711
11503 11738
1.1513 11790
11573 11740
+0e0035 +00015
11541 1,1762
£+00035 00011
D 3e22 1683

6M,/60
1300%
1.001
1,015
1.021
1.025
le014

1,019

6M2/601

1,003
1,009
1,016
1,020
10264
1014
@
1,019
@

@
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TRANS WORLD PROFILE TURQUIE = ASIE STATION KANDILLI~ISTANBUL
STATION 2000 KANDILLI-ISTANBUL VERTICAL COMPONENT TURGUIE - ASIE
41 04 N 29 03 30 E H 120 M P O M D 10 KM
ABSERVATOIRE DE KANDILLT / KANDILLI RASATHANESI ISTANBUL

SERVICF DES MAREES TFRRESTRES - YFR MARESI BOLUMU Do TANER

CAVE GRAVIMETRIQUE — PILIER ANCRE SUR LA ROCHE
ORCGENESE CALEDONIENNE ET HERCYNIENNE DANS LE MASSIF PALEOZOIQUE APPARTENANT
A L UNITE DES PONDITES ET DES CHAINES DE MONTAGNES NORD ANATOLIENNES

GRAVIMETRE GEODYNAMICS 783 JeTeKUO IRANS WORLD PROFILES
CALIBRATION BRUXELLES-FUNDAMENITAL STATION
INSTALLATION PeMELCHIOR

MATNTENANCE EKASNAK/Ko ALTINSAPAN

GRANT AFQOSR=73-2557A PROJECT~TASK 8607-~02

LEAST SOUARE ANALYSIS / VENEDIKOV FILTERS ON 48 HOURS / PROGRAMMING B.DUCARME
OOTENTIAL CARTWRIGHT=-TAYLFR-EDDFN / COMPLETE DEVELOPMENT

COMPUTING CENTER INTFRNATIONAL CENTER FOR EARTH TIDES/FAGS/ BRUSSELS
COMPUTER UNIVAC 1100740 PROCESSED ON 79/ 3/19

INERTIAL CORRECTION PROPORTIONAL TO THE SQUARE OF ANGULAR SPEEDS
NORMALISATION FACTOR s 94863

PHASE LAG 01 040 M2 «60 01/M2 67

CORRECTION FOR DIFFERENTIAL ATTENUATION M2/01 1.00538 /MODEL 2/

G783 771120/771130 7712 3/7712 9 77T1213/771219  771223/771229 78 110/78 110
G783 78 113/78 119 78 123/78 228 78 3 &4/78 312 78 322/78 322 78 327/78 327
G783 78 330/78 4 9 78 415/78 415 78 421/78 531

TIME INTFRVAL 194.,0 DAYS 3696 READINGS 13 BLOKS

WAVE GROUP ESTIMATED AMPL AMPL ¢ PHASE RESIDUALS
ARGUMENT N WAVE ReMeSe FACTOR RoeMaSe DIFFe ReMoSo AMPL, PHASE
133.,-136, 20 Q1 6572 11 11410 0194 -e31 98 «12 —16166
143.-145, 16 Ol 35.66 11 1.1588 0036 ~029 18 «18 -=95.2
152.-155, 15 NO1 2.79 11 11515 0&51 038 2024 «03 133.2
161.-163. 10 P1 1670 09 11656 0060 =171 029 253 =719
164,-168, 23 S1IK1 49,35 «10 1.1401 s 0023 - 09 012 213 =34,7
1751776 14 J1 299 11 1.2341 0468 5,09 2,18 231 5862
i84,~-186, 11 001 1.76 23 163301 o1766 =279 Tob4 028 =2161
233.,-23Xs 20 2N2 1e51 05 11557 0378 037 1.88 201 12008
243,=-248,° 24 N2 9.64 06 11798 0075 027 236 017 = 1640
252,-258, 26 MZ 50.%2 206 1,1811 © ,0013 o3& o 07 094 1804
2(’555""265@ 9 LZ 3@37 90"“? 191390 90294% ""303 1@48 sOB “178@2
267273 9 52 23573 506 11846 « 0029 030 old 250 142
274:.-27T7. 12 K2 661 08 12227 0141 =056 e67 o34 =10-8
335.=-375%, 16 M3 o T4 204 1.1732 0616 =157 3,01 «11 =10.2
STANDARD DFVIATION D 333 5D 2022 D 1,56 MICROGAL
STUDENT FACTOR ToS#95%sMs 138%#1.96

01/K1 1.,016¢ 1=01/71-K1 1,1332 M2/01 1.0193
CENTRAL EPOCH TJJ# 244356360
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TRANS WORLD PROFILE TURGQUIE - ASIE STATION KANDILLI-ISTANBUL
STATION 2000 KANDILLI-ISTANBUL VERTICAL COMPONENT TURQUIE - ASIE
ﬁi 06 N 29 03 30 € H 130 M P 0 M D 10 KM
ERVATOIRE DE KANDILLI ¢/ KANDILLI RASATHANESI ISTANBUL ' ‘
%*’? PES MAREES TFRRESTRES -~ YER MAREST BOLUMU De TANER

GRAVIMETRIOUE -~ PILITER ANCRE SUR LA ROCHE
*&i € CALEDOMIENNE ET HERCYNIENNE DANS LE MASSIF PALEOZOIQUE APPARTENANT
JNITE @EP PONDITES ET DES CHAINES DE MONTAGNES NORD ANATOLIENNES

ﬂ”§M¥73L EODYNAMICS 783 Je T KUOD TRANS WORLD PROFILES
”f&?E@% BRUXELLES=-FUNDAMENTAL STATION
ATION PeMELCHIOR
MANCE E@mASNﬁ /K ALTINSAPAN
AFOSR-T3-255T7TA PROJECT-TASK 8607-02

£ T SOUARE ANALYSIS / VENEDIKOV FILTERS ON 48 HOURS / PROGRAMMING BaDUQAQMé
%3??%?}» R&MTwQEGHEWT&YLERmﬁﬁﬁE% / COMPLETE DEVELOPMENT

PUTFR UNIVAC 1100740 PROCFSSED ON 797 3719 .

JTING CENTER INTERNATIONAL CENTER FOR EART ﬁ TIDES/FAGS/ BRUSSELS .
i CORRECTION PROPORTIONAL TO THE SQUARE OF ANGULAR SPEEDS

TION. FACTOR 094863 :

01 o &0 M2 260 0L/M2 <87

TION FOR DIFFERENTIAL ATTENUATION M2/701 1.00538 iMG@E& 24
7711202771130 7712 377712 9 7712137771219 771223,771229 78 110/78 110
78 113,78 119 T8 123,778 228 78 3 4778 312 78 322/78 322 78 327/78 327
78 330/78 4 9 T8 415778 41% 78 421/78 531
TIME INTERVAL 194,0 DAYS 3696 READINGS 13 BLOKS
WAVE GROUP FSTIMATED AMPL. AMPL PHASE RESTDUALS
ARGUMENT N WAVE ReMeSe FACTOR ReMeSe DIFFe ReMeSe AMPL. . PHASE
-136, 20 01 6,69 12 11346 L0199 «18 101 e15
las, 16 01 35.54 L11 118547 L0037 =526 «18 022
185, 1% NO1 2,68 11 1.1094 L0462 letl 2238 014
15»3@ i Pi 3@9@3 @f}%} 1.1898 5 3L ”1@3@ 230 037
168, 23 S1K1 69,31 10 11391 L0024 11 012 011
=1T7Te 1& J1 2:86 12 11820 L0679 QQQQ 2033 625
186, 11 001 lebl <24 102348 L1809 =a21 8o83 210
20 2NZ 151 04 11560 0304 =575 1.51 e02
::?é% ?ﬁ? mcﬁ?} 05 ﬁ@i?%j} ’ 3@@@@ %\;g@ 329 ‘ mig
26 M2 50,23 0% 11767 0011 e31 205 e T6.
9 1.2 138 03 1.1473 0237 o 1b 119 202
9 52 23445 205 11805 L0023 228 o111 ol 2
12 K2 656 206 12140 20114 == &) 54 029
335.-375, 16 M3 « 13 04 11572 L0607 =1l 3.01 010 =89
D 3e41 50 i T 154 MICROGAL

i
H5#95%Me 138%#1.,96

111

e+

1M2/701 1,0160

t«né
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TRANS WORLD PROFILE TURQUIE - ASIE STATION KANDILLI-TSTANBUL
STATION 2000 KANDILLI-ISTANBUL VERTICAL COMPONENT TURQUIE - ASIE
41 04 N 29 03 30 E H 130 M P oM D 10 KM
OBSERVATOIRE DE KANDILLI / KANDILLI RASATHANESI ISTANBUL

SERVICF DFS MARFES TERRFSTRES =~ YER MARFSI BOLUMU De TANER

CAVE GRAVIMFTRIQUF - PILTER ANCRF SUR LA ROCHE
OROGENESE CALEDONIENNE ET HERCYNIENNE DANS LE MASSIF PALEOZOIQUE APPARTENANT
A L UNITE DES PONDITES ET DES CHAINES DE MONTAGNES NORD ANATOLIENNES
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A METHOD FOR EVALUATION OF LOCAL TILT RECORDS

G. BARTHA

In this paper I should like to call attention to some questions of
the evaluation of local tilt records. It is true that this area is not directly
connected to the Earth tides research, but according to my opinion this inte-
resting topic will becdme more important in the future. So, it is worth while

‘dealing with such questions from the point of view of evaluation process.

The first question : What is the local tilt ? The Earth tides records

contain three components :

1(t) = L(t) + R(t) + D(E) (1)

The L(t) is the lunisolar effect, the R(t) is a non-lunisolar real effect and

D(t) is the instrumental drift. In the normal case

AL(tE) AR(t)

>>

At At

(2]

In practice we can find a reverse situation, when :

(3]

This is the result of local movements which are induced by natural effects or
artificial activities. Mainly the horizontal pendulums are "sensitive” to these

effects. So, we call local tilt those which are caused by local movements.

The second guestion : What can we do if we find such a recording
place, where the inverse relation is true ? Of course if we want to record the
Earth tides effects, it is necessary to stop the recording in this place and to
seek for anothef place. However, perhaps the local tilt is very important infor-
mation from another point'o¥ view. For example, if this place is a coal mine,
the local tilt records can give an important information for the mine engineers.

In this case it is worth while to continue to record.

» Now we reach the third gquestion : wWhich information is important for
us and how can we get it from the records ? In the case of the horizontal
pendulum records this information can be the following : Let function alt)

represent the local tilt. Then

palt) = alt) - alt)) | (4)
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where Ao is a tilt in the time interval {t, to}a In practice the determination
of the function Ac is important. If t and to are epochs in the past, it seems

that this is a very simple task. The difference of the ordinates a(t) and a(tol
from the record gives Aa(t). However, in practice this process is not always so
simple. Generally, the records have many gaps and as well, we can find unknown

shifts in the records, too (figure 1). Usually we do not know the tilt, therefore

? unknown shift

Figure 1.

the signal runs many times out from the recording paper. Of course, in this case

the simple difference of the ordinates does not give the value Aalt].

The difference coordinates can not be formed, if t is an epoch in

the future, that is when we should like to make a prediction.

The sclution of these problems is to find an analytical form for the
function a(t). The Fourier analysis is not suitable for this purpose, because
the time series has many gaps. It seems that the following process is suitable
to determine an analytical form : Let a(t) be represented in the following form :

»

alt) - alt+1) = a, |cos(w.t + ¢.) - coslw,(t+1]) + ¢.]] (5]
i i i i i
L
Then
alt) - alt+1) = x, |cos w,t(1-cos w,}) + sin w,t sin w.] +
i i i i i
+y, | sin w,t(1-cos w,) - cos w.t sin w.] =
il i i i i

]
0O
X

+
(6]
<

= tg 0. (86)
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in matrix form :

(73
Y

From the solutions of the system of linear equations we can get the amplitude a

which belongs to w, freguency.
oA

Choosing a set

of w, we can compute the power spectrum of the time
oA
saries (figure 2.]. ‘
Ayl i tude
b L3 . st W
1 w2 W4 8 K
@
|
@
Lty 1
H i
L LIl 11 g eroaency
i“ £y 5 5.033 4 i %V § [ [ { %@t
. b by by Wy Wn wy 4
Figure 2
From this spectrum we can choose the characteristic freguencies. Let Wy represent
this set. Then::
alt) - olt+1) gceg im t o+ @ - cos (w (t+1) + ¢ )| -
k§ k k
Torn

(8]

where Py and p, are the coefficients of a first and second order polinomial
respectively.

Splving the equation system (8) we can get the parameters of the
function alt). '
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A POSSIBILITY OF CHARACTERIZING EVALUATION METHODS

G. BARTHA

In the methods, based on the least squares technique, the determi-
nation of the Earth tides factors are traced back to solve a system of linear

equations. The system of linear equations, which must be solved is

1]

L + \Y A X

(n,1) (n,1) (n,m) (n,1) (1)

From the principle of least squares technique

x = (A w AL = ga'L (2)

The mean square error for an observation of unit weight
o°f = T (3)
n-m

The root mean square errors of the Farth tides factors :

u = g vQ,, (4)

The root mean square errors of the unknowns contain two parts. The
first part is the factor o, which is determined by the discrepancies between the
time series and the functional model. The functional model is given by the matrix
A. If the choice of the functional model is good, the discrepancies are small.

;ﬁ such a case, the distribution of these discrepancies is a normal cne and its
standard deviation is just the factor o¢. So, the factor o characterizes the

"gquality” of the time series.

The second part of the r.m.sg.e. My is ?Qii which is a diagonal
element -of the inverse matrix. The factor VQii is only determined by the

functional model.

On the basis of the foregoing, the factor ¢ is "data factor® and the

factor yQii is a "modeil factor”.

If the choice of the functional model is good, the data factor o

is independent of the length of the data series. However, the model factor Vmii

is changing with increasing length of the time series.
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Let n denote the number of data in a time series. The functions ﬂxgiﬂ}

‘eive an importaent feature of the evaluating methods, and give a possibility of
g g I y

characterize the method itself.

Let us Ffind the function My s {n) in the following form :
a
U = g . C . N {5)
“i

In logarithm form :

lg w = lg o+ lg o+ algn (8)
The functions of lg u {ig n) are linear functions which we can call "model
lines”.

rmined for tides 01, P1S1K1, MZ, SZK2 by thé

"old" Venedikov meth tides were classified iIn 11 groups

(Figure 17.

We can see that the greater direction tangent belongs to the greater

amplitude. Similarly the greater value lg ¢ belongs to the g

2

reater amplitude.

I we change the group classification of the tides, the functional

& case the parameters of model lines will be changed,

=

model will be chenged. In th
too. We can see in the Figure 2. the model lines of the tide PI1S1K1 in the case
of a classification into 11 groups, and thes model lines of the tides P1, S1K1

in the case of a classification into 12 groups.

On the Figure 3 we can see the model lines of the tides PI151K1, and
M2 From another evaluating method. In this method a differential filter with two

elements was applisd. If we compare these model lines with the model lines of

the Venedikov method, differences can bs seen, so, these lines are suitable for

characterizing thes svaluation methods.
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TESTING OF THE GROUPING OF THE WAVES IN THE ANALYSIS
OF THE EARTH TIDAL RECORDS

A.P. VENEDIKOV

Geophysical Institute
Bulgarian Academy of Sciences

1+ INTRODUCTION.

The resolution of an analysis is determined by the length of the
record. As the length is-limited and we have quite a lot of very close waves
we must have a kind of a grouping of waves whatever be the method of analysis.
One group is formed by waves with close frequencies for which we accept that

the tidal parameters, § and ¢, do not change.

In {1} we have the important suggestion that even for tides with
cloée frequencies that are normaly included into one same group we have to
cdnsider a difference or a variation of the parameters. In any case such a
detailed variation may be taken into account through a suitable affection of the
theoretical spectrum while the estimates of the parameters should be inevitably
derived under the assumption of their constancy. Thus from the point of view of
‘the processing of the records this suggestion does not modify the conception here

given of the grouping.

_ In the method of Lecolazet {2} the groups have been introduced
through'the homo logous numbers. In the methods of Doodson-Lennon {3} and of
Pertsev {4} the constancy of the parameters for some groups was used through some

- corrections.

In {5} the grouping was explicitly used through the application of
the unknowns £ and n, directly related to § and ¢. 3 variants of grouping were
proposed for records of length greatér than 1 year, less than 1 yeér but greater
than 6 months and less than 6 months but greater than 1 month. These groupings
are the variants N° 2, 3 and 4 in the table 1. The difference between these
variants are only in the groups P1, S1 and K1 and in S2 and K2. Several less
important groups were asspbiated with some other more important groups, héving

in mind the small differences in the parameters and the limits of the precision.

In the ICET {B}_for longer data with high quality a detailed grouping
is applied (variant O in table 1) in which practically all groups that can be

b ISQparated are separated. It is called also "fine structure”.
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In our opinion the choice of the groups has not a priori an unique
solution, though it generally depends from the length of the records. The reasons
are : (i) there are cases in which we cannot be certain that there are real
differences in the parameters between the groups. (ii) the precision may be not
sufficient to check the differences between some groups, (1ii) when the diffe-
rences are not important a better precision will be realized if a group asso-
ciates more waves even if they are separable, (iv) when the length of a record is
under a given limit but guite close to it, 1t may be still possible to apply the
separation corresponding to that 1imit and (v) when the total length corresponds
to a limit but there are too great lacks inside the record it may be more reasoc-

nable to apply a separation corresponding to a lower limit.

In any way it seems to be usefull to check the significence of the
grouping used in the analysis through a comparison of different variants and
this is the aim of the present paper. In some cases we suggest to process an
analysis with the simultaneous application of several variants of grouping and to

compare them by the method of analysis of variance (AV).

TT. SIMULTANEOUS APPLICATION OF DIFFERENT VARIANTS OF GROUPS.

Let U be the vector column of all observed values in a record. For
the methods {5.7} U is composed by the filtered values (both even and odd filte-
ring) but relative to one of the principal groups - diurnal, semidiurnal, ter-

diurnal or long period waves.

Let X be the vector column of all unknowns £ and n relative to the

1

most detailed grouping, for instance the variants 0 or 1 in table 1. IF m, is the

number of the elements of 54 then m, is equal to twice the number of all possible
groups. By ﬁi we shall denote the analogous vector relative to an i-th variant
and by m, the number of the elements in éi' We shall suppose that the varients
are so arranged that for a greater 1 we have a rougher grouping i.e. a smaller
m,, as in the table 1. The number of all variants we want to study we shall denote

by v.

whatever the length of the record is we may constitute the followingv
variants of observational equations

U = A . X, o+

. . e, (i =1, ... V] (11
=1 —1 i

where Ai is an (n X mii - dimensional matrix, ei is the n - dimensicnal vector

of the errors of the equations and n is the number of the observations in U.
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From now we may compose v variants of normal equations

éi U = Qﬁ Qﬁ . ﬁd (i =1, «00 V) (2}
For the practice it is important to notice that all variants may be

considered as obtained from the first variant (i = 1). If a sequence of groups

in the variant 1 is associated in a single group in the variant 1 this means that

the corresponding sequence of unknowns in 54113 replaced by a singls unknown in

Ei' In fact as we havera pair of unknowns for each group we shall have a pair of

sequences replaced by a pair of unknowns. This complication may disappear in the

presentation in considering complex numbers but it remains in the practical

application.

The columns 1in §4 corresponding to the replaced unknowns are also

replaced by a single column in A which is the sum of the replaced columns. And

the corresponding columns and rows in the matrix ﬁ4 *.fﬁ are replaced by a singls

column and a single row cbtained by the summation of the replaced columns and

TOWS .

The transformation of the matrices may be expressed through a matrix

T with elements T

I K J= 4 see m,, k= e m, . We set up

1

Tjk = 1 (3)

if the group k in the variant i incorporates the group § from the variant 1 and

T, = { otherwise.
jk
Then we have
- E - 3 3
A Ap o T and Ay A T A AL (5)
AL*u =1%a U
=i —_ = =4 =

It is interesting that Ei may be perceived as

- a*n’ o1y, | (6]

%

In such a way:we have the possibility to simultaneausiy‘reéﬁfze
several different variants of grouping for the analysis of & records We have to
make the compositien of the observational equation and the accumulation of the
eleménts of the normal equations, which is the hard and timenc@ﬁéuming job, once -

for the detailed grouping. Once the normal equations for this variant are
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composed there is no problem for the computer with a very little waste of time
to compose the normal equations for any variant. It needs however quite a lot of

care in the programming.

ITI. ANALYSIS OF VARIANCE.

The use of one or another variant of grouping has the meaning that
we make one or another hypothesis about the tidal parameters. Thus if j > 1 and
in the variant j we have a fewer number of groups in that variant we make the
hypothesis that some of the unknowns used in the variant i are equal to each
other. On the contrary the variant i is free from that hypothesis. To test such
a kind of hypothesis we may apply the AV, i,e. to test a given variant of

grouping.

Descriptions of the AV may be found in many books of the mathematical
statistics, for instance {8}.

Let R1 be the sum of squares of the residuals for the variant
J (3 > 1), it is when a hypothesis about the unknowns in X, in relation with the
unknowns 5& is assumed to be true. Let RD be the sum of squares when the condi-
tions implied in the hypothesis that reduces the number of the groups from the
variant i to the variant j are not imposed. So Ro is the sum of squares when the

variant i is realized.

The degrees of freedom are

R1 n - mj
R n-m
0 i
R - R : n-wm ¥ ~-(n-mJ) = m - m, (7)
1 o J i i J
The quantity
R,I - RO RO
Fe, = —— / —— (8)
ji
m, = m, n-m :
i J i

when the hypothesis is true must have a Snedecor distribution, known also as F -

distribution (in honour of R. Fisher).

We shall again be concerned by the meaning of the hypothesis. If it

is true it means that it is indeed reasonable to associate several of the groups
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from the variants i in greater groups in the variant j. It is reasonable because
in that case greater groups must give higher precision of the estimates of the
parameters. It means also that the more detailed grouping does not provide greater

information.

Let FC = FG(P,mimmj,ﬁ=mi) is the value of the F distribution for & |
fiducial probability P, for instance P = 85 % and degrees of freedom m - mj and

n - m,. When the hypothesis is not true we may expect in general small values of

i
Fji’ namely it will be emaller than F_ with a probability P. It may happen to be

greater than F_ with a probability only a =1 - Por a =5 % when P = 95 %.

Upon these considerations if it happens that the estimate Fji derived

from the simultaneous analysis with the variants 1 and j of grouping 1is

Fji > Fc {9}

we may conclude that the hypothesis is not true with a risk to make an srror egual
to a. In that case we may consider the grouping i as reasonable and rejsct the

rougher grouplng J.

If on the contrary it happens that

n

I < F_ , (107

it means simply that the hypothesis cannot be rejected on the basis of our data.
It is still not sufficient to accepte the hypothesis i.e. we cannot pretend that
the two variants of grouping are equivallent and thus to recomend the replacement
of the variant 1 by the variant j in general. However the appearence of {10) in
the analysis of a giVen record 1is quite'enaugh to decide that its precision is
not sufficient for the revealing of the differences between these groups in the
variant i that are associated in greater groups in the variant j. Thus on the
basis of (10) it may be recomended for the analysis of that record to prefer the

less detailed variant j.

IV. PRACTICAL APPLICATION AND SOME RESULTS.

In the program SVETLA we use for the application of {7} it is
possible to apply up to 7 Qariants of grouping which are the varlants 1 to 7 in
the table 1. In its variant developed in ICET with Dr Ducarme the variant 1 is
replaced‘by the varient O. Though there is not a great difference between these
two variants, according to a suggestion of Prof. Melchior, we have the intention

to replace the variant 1 by the variant 0.



439893

The variants O and 1 correspond to the fine structure and they
provide a complete separation or so. The variants 2, 3 and 4 correspond to the
standard separation for lengths of 1 year, 6 months and 1 months. The variants
5 and 6 are rather arbitrary and may be used to check the significance of some
groups. The last variant 7 associates all tides from one principal group in one
group. The simultaneous analysis with the first four variants or with anyone of
them may check whether there are significant differences at all within each of

the principal groups.

It may be seen that we have a very poor study of the high frequency
tides. For the ter-diurnal tides we have only two groups in the variant 0 while
there is a 51ngle group in all other varlantsa It will be interesting to include
a supplementary wave S3 and even 84 in order to check the presence of meteoro-

logical subharmonlcs as well as to study an eventual influence of the oceans.

In SVETLA it is p0551ble to apply simultaneously up to 5 variants -
whlchever combination of the 7 varlants. When a record is processed the obser-
vational equations‘and.ths,normal equations are composed for the detailed (fine
structure] grouping,‘i e.'the matrix Aq*ifh‘is obtained. From that matrix, which
is stored we ‘obtain the- matrlx of the normal equatlans for any variant. The

indices i of the varlants we' want to study are an input of the processing.

When more. than o e‘varlant is applled thsn the number or the

Fji for - 15 i J 1 ars'determlned and prlnted The degrees of freedom are

‘not prlntsd as 1t is easy to Flnd them.=~

'The aim Qf thsfprssentspapsr is to demonstrate the technics we apply
for testing the grouping‘lit has hot‘thé'pretcntion to make definitive conclusions
For which a broad study would be necessary. For that reason we give here only a
few results only as 1llustrat10ns, The conclusions that one can derive may only

‘demonstrate how they can be done.

In the tables 2 and 3 are given the results from the analysis of 4
variants of grouping of a long record from Frankfurt of a very high internal
precision. The data are not corrected by a drift of the amplitudes revealed by

Usandivaras and Ducarme.

In the lower part of the tables is made the AV. In table 2 there are

given F i.e. a comparison of the variants j = 2,3 and 7 with the variant 1,

J1
sz - a comparison of the variants 3 and 7 with the variant 2 and Fj3 = F73 - a

comparison of the variants 7 with 3. In the table 3 there are given qu for j -

il
N

and 7 and sz = F72. Here the variant 3 is omitted because it is identical to the

variant 2.
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Together with the values Fji there are given the corresponding pairs
of degrees of freedom and the critical values F_ taken from a table of the

o}
F-distribution for a level of significance a =5 %.

In all cases we have Fij > FC. This means that in all cases the moré
detailed groups are to be prefered. This conclusion is confirmed by the fact that
in general the mean square errors are not improved when the groups are greater.
The variant 7 is not an exception though the mean square error is only 3. In that
case the group that asseciates all tides is only named S2. The low error 3 is to

be compared with the error of M2 which is also 3.

The most interesting point seems to be the comparison of the variants
1 and 2, i.e. the "fine structure” and the grouping usually applied on records

of one year or greater. In that case the value derived F2 is slightly greater

than FC but, nevertheless, it is greater. This is enough,1according to the sta-
tistical theory and practice, to reject the variant 2 in favor of the fine
structure - the variant 1. On the basis of such a conclusion we may consider
reasonable the estimates obtained for the litle groups like PY1, PSI1, PHIM,

ignored in-the variant 2.
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TABLE 2. Frankfurt, LCR 098, 24.11.67-15.01.75, R. Brein, D tides.

Group Var. 1 Var. 2 Var. 3 Var. 7
SIGY 1.1388
115
91 1.1483 1.1466 1.1466
23 22 22
RHO 31.1548
115 |
01 "~ 1.1508 1.1510 1.1511
4 4 4
M1 1.1487 1.1483 1.1478
46 48 47
PY1 1.1181
169
P1 1.,1522 1.1520 1.1519
10 10 10
51 0.8126 0.7987
609 592
KA 1.1380 1.1381 1.1379 1.1430
3 3 3 3
PSIY 1.1822
405
PHI1 1.1970
239
J1 1.1606 1.1600 1.1599
52 , 53 53
001 ~1.1708 1.1732 1.1738
63 62 83
F. 2.5 4.8 37.6
J1
Deg.fr. 12/1106 14/1108 26/1106
F_(8=0.05) 1.75 1.869 1.59
Fio 18.2 67.2
Deg.fr. 2/1118 14/1118
F_(a=0.05) 3.00 1.69
Fis , 74.2
Deg.fr. 12/1120

Fc[a=0505) 1.75
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TABLE 3. Frankfurt. LCR 098, 24.11.67-15.01.75, R. Brein, SD tides.

Group Var. 1 Var. 2 Var. 7
EPS2 1.1040
510
2N2 1.1734 1.1551
153 96
MU2 1.1437
120
NZ 1.1753 1.1747
19 18
NUZ2 1.1535
95
M2 1.1838 1.1838
3 3
L2 1.1358 1.1349
74 74
T2 1.1938
113
S2 1.1859 1.1859 1.1842
6 B 3
K2 1.1908 1.1910
20 20
ETAZ 1.2286
347
2K2 1.2815
753
F. 2.4 44.3
j1
Deg.fr. 12/1112 28/1112
FC(a=D.05] 1.75 1.51
Fj2 93.9
Deg.fr. 10/1124

Fc(a=0.05) 1.83
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INFLUENCES OF DIFFERENT FILTERS ON RESULTS
OF TIDAL OBSERVATION ANALYSES

Tadeusz CHOJNICKI

Contemporary methods of tidal observation analyses based on a least

squares method differ in two basic points

1. Shift of a filter during filtering is equal a/ to filter length or b/ to

1 hour, that is it filters a/ without covering or b/ with covering.

2. Adjustment of basic groups of waves, i.e. diurnal, semidiurnal and terdiurnal

is realized a/ separateiy or b/ altogether.

The use of the way a/ and b/ affects the obtained results according
to the used filter as shown in the presented diagrams. The Venedikov's method
of replacing observation was used {7}, {8} employing the way a/, and the classi-
cal method {1} employing the way b/. In the first case results were examined for
33 groups of Venedikov's filters /ME5 and M74/, and in the second case for
2 Pertsev filters {6}, 6 Malkowski's filters {5} and 1 De Meyer's filter {4}.

The examination was based upon analysis of four six-week series of
model observations, the characteristics of which are given in Table I. Construc-
tion of model observations is in principle identical as the one described in {2}.
Considering, however, the remarks in the Venedikov's paper {8}, the possibility
of generation of observational errors with abnormal distribution due to a given
residual spectrum was introduced into the programme of model construction. It

allowed also for assumption of mean errors in particular frequency bands.

In comparisons results obtained by the mentioned methods were used
that is errors of a single observation with weight 1, mean square errors in basic
frequency bands as well as values of unknowns and their errors. To make a compa-
rison of results easier, the so called indicator of quality IQ was computed for
every analysis, showing error of a tidal value calculated on the basis of resul-
tant errors obtained after adjustment. These errors were obtained from differences
between values of amplitude factors and phase differences assumed in models and

obtained from analysis. The indicator of quality was calculated with a formuls

+d, m. ), (1
1
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TABLE I

N° Number v Wave Data of MSE
of of Station groups Drift Remarks
model days
0111213 my m, m, my
42 42 Strasbourg | x| x| x| x| typic 1 4 2 1 ;
) T
35 42 Warsaw ol X | X X)X - 1 e Inconstancy of
unknows
0.993 < ¢ < 1.007
- 0.7 < Ap < + 0.7
34 42 Warsaw x| x| x| x| linear | 1 el e
32 42 Warsaw — x| x} X - 1 - | = |
where : m, and me - resultant errors of amplitude factors and phase differences,

d - amplitude factors, R - amplitudes of tidal waves, n - number of waves for
which parameters were determined. The above formula was derived for the moment

in which phases of all waves are equal to 45°.

From a sum of squares of resultant deviations of drift and a tide

after drift elimination an error of drift m, and pure tide mD was calculated for

d
the classical method. These errors cannot be calculated for the Venedikov's

method because it gives neither drift nor pure tide.

Figures 1 - 4 present results of analysis of the Venedikov method.
Results for particular filters are arranged according to increase of a mean
square error m_. A mean square error of a single observation, mean square errors
in a diurnal and semidiurnal bands, and indicator of guality IQ are marked. The
broken line presents results of modifications of this method which depends on

adjustment of all three basic groups of waves together.

The following conclusions may be drawn from analysis of the diagrams

1 -4

1. The éstimation of accuracy in majority of filters disagrees with the one
assumed in the model and is a function af the used filter. The discrepancy,
sometimes up to 300 %, grows with complication of a drift and with variability
of‘unknowns during observations. The estimation of accuracy may be both

overestimated and underestimated.
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2. The analysis results depend upon the used filter, at the same time there is no
correlation between estimation of accuracy by mean sqguare errors and indicator
of quality. Thus a choice of optimal results according to the criterium of a

minimal mean square error as in the method M74 seems to be very doubtful.

3. A modification of the Venedikov method consisting in joint adjustment of three
basic wave groups improves results considerably and estimation of accuracy in
great part. It should be noticed that the method M74 partly takeé this modifi-

cation into account but insufficiently.

4. Some filters give decidedly bad results, for example 33/34, 5/4, 303/304,
305/304.

Figures 5 - 8 show diagrams of the same elements for the classical
method. Before the discussion of conclusions following the analysis of these
diagrams it should be noticed that filters MP and 41/399 are worse, and filter
25/902 is positively bad. They have been included into analysis with the purpose

to emphasize some conclusions mentioned below.

The analysis of figures 5 - 8 results in the following conclusions

1. The kind of a filter used practically does not affect final results of

analysis.

)

2. The estimation of accuracy agrees with an assumed one within 25 % for good

filters, and even for bad ones it does not exceed 80 %.

3. In the case of a bad filter we obtain a false image of the drift. But even
in this case a deformation can be eliminated by using two adjustment with
the use of a filter for a tidal residual between these adjustments. Results

for such a case were represented in figures 5 - 8 with the dashed line.

The comparison of the figures 1 - 4 and 5 - 8 shows that the classi-
cal method gives smaller values of the indicator of quality IQ, i.e. results of

analysis of this method are more consistent with the data in the model.

An interesting fact resulting from a comparison of results obtained from
model 35 and the others is worth mentioning. In model 42 in main frequency bands
mean square errors equal to 4, 2 and 1 ugal were generated whereas in model 34 and
32 m, = 1 ugal in all bands. Similar results were obtained from the analysis. In
model 35, however, mean sguare errors egual to 1 ugal were generated in all freguency
bands but amplitude factors were made variable (from 0.883 to 1.007) as well as
phase differences (from -097 to 097). From the analysis different accuracies
were obtained in particular bands which, comparing with results for the other models
points that variation of tidal parameters during observations is the main reason
of different accuracies obtained in bands. Therefore accuracy difference in

Aart st 1T ar Eremliency hande mav he considered the measure of calibration imperfection.
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Completing comments on a new way of accuracy estimation {3} in the
newest version of the classical method we give below the effect of a used filter
on computation of a mean square error of a single observation and mean errors in

particular frequency bands, taken into consideration in this version too.
Values of drift after filtering of observation set A equals

D = A F t ... v AF + ..o+ AF (2)
oo n

A = A -D , (3)

that is

A.=A(1-F)-A F - ... A F - AF, - ... AF . (4)
F 0 - n

An error of a raw observation A is equal to mo, and an error of a filtered
observation AF is denoted by mDF. In the analysis we adjust filtered observations,
thus after adjustment we obtain m e However, in the final estimation of accuracy
we are interested in m- From the dependence resulting from equation (4] we

obtain

A mean square error of a single observation calculated from expansion

of a residual in a Fourier series in band p.g {3} 1s equal to

" - W k+1 i a? (6)
0 m i
pq \/; 1=p

where : k is the number of all components of the Fourier expansicn, m the number

of expansions components in band p.g, and a the amplitude of expansion components.

The amplitudes a in the expansion of the residual which results from
the adjustment of filtered observations, are multiplied by the appropriate
amplification coefficients f of the used filter. Therefore MOF calculated from

such- values will be equal to

M = K i a? F? . (7)
ofF m . i i
SIRVE |
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Dividing squares of (6) and (7) by themselves and assuming that within one band

amplitudes are approximately equal, we obtain

MZ a? i 'F?
oF i 4 i

pg  _ 1=
5 = 2” , (8)
M m a,
i
pq
and then
M = M F , (8)
o] ofF
pg pa Pa
where F denotes
ole}
F - ..m__.______m (10)
Pq 2

2 o

Most of investigations and computations presented in this paper were
carried out in Prof. Lecolazet's Laboratory in Strasbourg. I am very grateful to
him for the possibility of doing this as well as for his help and valuable

suggestions.
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THE NYQUIST FREQUENCY AND THE SUBSTITUTION OF THE HOURLY
ORDINATES BY FILTERED VALUES IN THE EARTH TIDAL ANALYSIS

A.P. VENEDIKOV

Geophysical Institute
Bulgarian Academy of Sciences

I. INTRODUCTION.

In (1,2) it is suggested to replaced the hourly ordinates of the
records by some filtered values. The filters are applied on intervals with
length say N hours and with a shift equal to N or greater than N if there is

an interruption in the record.

In that way the Nyquist frequency becomes g = 1/2 N which is a very
small number. For some values of N the tidal frequencies may be equal to a
multiple of g. Thus for N = 48 we have 2w g = 3975 while the angular velocities
of the principal tides S1 and S2 are Woy = 15° and Woy = 30° and the angular
velocities of the other diurnal and semidiurnal tides are near these numbers.
A worry about that circumstance was expressed in a personal discussion by

Dr Zirn.

Another phenomenon related to the low value of the Nyquist frequency
was discussed by Dr Schlller (3). If W, is the angular velocity of a tide i
there may be a leakage from a wave with angular velocity
W= Wt 27 .29 - k = 2w /N .k + Wy (1)
where k is an integer. It has been demonstrated in (3) that artificial tides
with w = 21944 and 6°44 may affect the diurnal tides, especially the tide 01.

This phenomena is known as the shift of the spectrum.

Here we shall try to show that the use of a pair of filters i.e.
the analysis of a pair of filtered values makes possible the determination of
the Nyquist frequency and of its multiples. The preliminary use of the filters
affect the leakage frequencies. There is no problem toc construct them in a manner
to eliminate them so that the criticism of Dr Schiiller does not concern the

principles of our methods. On an exemple we shall demonstrate that their elimi-
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II. DETERMINATION AT THE NYQUIST FREQUENCY AND THEIR MULTIPLES THROUGH PAIRS
OF FILTERED VALUES.

First of all we shall give an interpretation of the Nyguist fregquency

when the method of the least squares is applied.

Let us have an uninterrupted record from which we have taken, in one
or another way, n = 2% + 1 equidistant ordinates, Ut (t = -2, -2+1, ... L). Here
t is the time measure%‘in units of N hours, where N is the distance in hours
between the consecutive ordinates. For simplicity we shall consider & as an

integer and n as an odd number.
We shall consider the observational equations of the form
=

U = :Z; (X, cos w,t + Y, sin w,t) (2)
t & i i i i

where each term in the parenthesis is related to a tide with angular velocity
w, and Xi and Yi are unknowns. It is supposed that all m tides taken into account

i
in (2) can be separated in dependance of the length of the record.

The normal equations will be of the form

m m
A.. X, = C, and B,., Y., = D, (3]
£ 13 ] J = i3 3 J
(i =1, 2, m)
where
+ 9
A = cos w,t cos w,t = a,, * b, »
i tzz -t J ij ij
+4Q
B,., = sin w.t sin w,t = - (4)
15 2y i ] 13 7 "1
Here
sin D-[w -w, )
5 .
a, = 1] R .. n/2 (5)
ij L ii
2 sin = (w,-w,) ‘
2 i ]
and n
sin §~[wi+w.)
by, = : J (6)
2 sin = (w,+w,)
2 i
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The Nyguist freguency at the unity of time used is g = 1/2 and the
corresponding angular velocity is w = w. When a tide has a frequency equal to a
multiple of g, i.e. an angular velocity

w, = km , then b,., = n/2 = a,, (7]
i ii ii

and

Thus the second part of the system (3) cannot be resoclved and the
term Yi of the tide i remains undetermined. That is one meaning of the Nyquist
frequency when the method of the least squares is used.

Let us suppose that there is another sequence Vt (t = -2 ... %)

derived from the same record and function of the same waves as Ut but shifted

on /2.

The observational equations for Vt will be

v = jg; (=X, sin w,t + Y. cos w,t) (9)
t = i i i i

and V,, that is on the

The application of the least squares method on both Ut &

equations (2) and (8), will give the normal eqguations

m
A, X, = E. and B'..Y., = F, (10)
& 13 7] J & i 3 J

A, = B',, = A, ., + B, = A,, 11

where

and

independently from the frequency and its relation with the Nyquist freguency.

The sequence of the filtered values is similar to U, and Vt consi-

t
dered. The even filter does not modifies the phases while the odd filter shifts
the phases by w/2. The difference with the equations (2) and (9) is that the

amplifying factors must be included. Thus if we use the same notations for the

filtered values they will be

3

U = c, (X, cos w.t + Y, sin w.t)
i i i i i

=)
i

5. (-X, sin w,t + Y, cos w.t) (12}
i i i i i

<
ot
1
‘._l
M
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where cy and 84 are the amplifying factors. As cy and s, are not very different
the equation (11) will be satisfied with an approximation and thus practically

we have an independance from the Nygquist freguency.

III. THE LEAKAGE EFFECT.

Let the angular velocity wj be
w = w, + 2km (13)

“Then
cos w.t = cos w,t and sin w,t = sinw,t (14)
J 1 J 1

or the coefficients at Xi and Xj as well as at Yi and Yj in (2) and (9) are
identical. Thus the separate determination of the two waves is impossible. If
the wave i only remains in the equations then there will be a leakage of the

wave Jj.

It is not just the same the case when we consider these two waves

in the equations (12) of the filtered values because of the amplifying factors.

The elements corresponding to these two waves in the normal equa-
tions, with the use of the notations (4) and the equations (13) and (14), will

be (considering only Xi and Xj]

C? A + 52 B c.c. A + 5.8

i 44 i 74ii i3 i iTj Tid
c.c, A,, + s.s, B.. c? A, + s? B, . (15)
i7gy il i73 il j i Jj Tid

A,, B.. (c, s, - s, C.) T A,. B,, c, (s, -c.) , (18)
ii ii i 73 i 7] ii 7ii i J j

as ¢, ~‘5i. Or, when Sj # Cj’ i.e. the reaction of the even filter is different
from that of the odd filter to the wave j, there is not a linear dependance

between the unknowns Xi and Xj' This means (i) that there is a possibility for
their separation and (ii) when one of the wave is omitted in the equations (12)

a certain reduction of its influence upon the other wave may be expected.

This result explains why it is possible, in the application of the

method {2}, to determine the diurnal waves without a complete elimination of the
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semidiurnal waves. In that case a group associating all semidiurnal waves is

determined together with the diurnal waves.

IV. ELIMINATION AND STUDY OF THE PRESENCE OF LEAKAGE WAVES.

Now we shall consider the effect of leakage according to Dr Schiiller

{3} and his conclusions.

In the previous part of the paper we have agreed with (3) that there
is a danger of a leakage when the data analysed are taken over interval of N
‘hours where N is the length of the filtered intervals. It has been shown that
when these data are the filtered values a separation of the leakage waves may
be possible as well as it is possible to expect a redﬁction of their influence.

Nevertheless a leakage may exist and 1t must deserve our attention.
First of all we shall consider the possibilities for its elimination.

The filters used are built so that they amplify the waves of a given
principal group. The waves that may cause a leakage are in relation with the
amplified anes given approximately by (13) where the angular velocities are
expressed in degrees per N hours. Thus the amplified waves and the leakage waves
are orthogonal or nearly orthogonal. Then it must be not very difficult to
slightly modify the filters so that they eliminate the leakage waves. Thus we

reach a first conclusion about {3}.

‘ 1. The criticism in {3} does not concern the principles of the methods
{1,2}. It simply demonstrates are effect which can be easily suppressed if it

will be proved to be necessary.

It may be added that the effect.of the artificial waves in {3} does
not mean at all that such waves really exist in our records. Why shall we consi-
der a wave with w = 21944 and not directly a supplementary parasite wave with
w = 28%94 ? In our opinion it is more constructive first to find if a perturba-

tion really exists and then to study how it is affecting the results.

Let V be a tidal wave with angular velocity W, e We shall denote by
LV the leakage wave with angular velocity w, * 2 n/N (these velocities are
expressed in hours). We shall consider the case N = 48 which is discussed in {3}
and which seems to be most sensible to a leakage. Thus the wave LO1 has an

angular velocity Wigq T 13°94 + 7°5 = 21944 - just one of the waves in {3}.
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We have modified the filters number 1 {2} for N = 48 into the
filters number 13, 14, 15 and 16 that eliminates respectively LK1, LO1, L1 and
LS2. The analysis using these filters together with the filters 1 must testify

the presence or the lack of the special waves considered.

The analysis has been applied on a record of one year from the
station Potsdam, gravimeter Askania GS 15/222, realized by Dr Dittfeld. In the
record there are some interruptions. In order to amplify an eventual presence
of the leakage waves, 1.e., sooner, in order to avoid a reduction of the leakage
effect from the random lengths of the interruptions, we have dropped away a
small amount of data. This has been done so that each interruption is a multiple

of 48 hours.

The results are presented in the tables 1 and 2. Nothing can be seen
but small differences that can be perfectly explained by the mean sguare errors.

Thus we get a second conclusion.

2. Up to now there is no evidence for the existance of any wave that

may cause a leakage in the application of the methods {1,2}.

It may be objected that the analysis of one record is far not enough
to make general conclusions. For that reason we begin the conclusioen by the
words "up to now". In addition we hope that i1t is understandable that = do not
want to waste efforts and machine time for the study of an effect unless its

presence is proved.

In conclusion we want to thank Dr Zirn for its discussion, Dr Schiiller
for its work upon our methods which we consider as very valuable despite the
discrepancies with its conclusions and to Dr Dittfeld who provided us his high

gquality data.
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SIMULTANEQUS ANALYSIS OF DIFFEFENT EARTH TIDAL RECORDS

A.P. VENEDIKQOV

Geophysical Institute
Bulgarian Academy of Sciences

I. INTRODUCTION

For the geophysical interpretation we have to deal with different
“ipnstruments, in different epochs, in different stations and any possible combi-
nation of these cases. Among them the case "different stations” is the most

important for the geophysical purposes.

Such a situation which in fact must be the usual situation raises
two problems of the data processing : (i) to get global estimates of the tidal
parameters for all records and (ii) to study the differences between the esti-

mates relative to each individual record.

The solution now used is : (i) to take a mean of the individual
ostimates and (ii) to test the differences of each couple of records and of each
individual estimate with the mean. A disadvantage is that the mean is based
upon a small number of observations as one record is only one observation and

that its estimation of precision is based upon a few degrees of freedom.

We suggest here (i) to process a simultaneous analysis (SA) of all
records as if it is a single record and (ii) to apply the method of analysis of
variance (AV) which can reveal the significance of the differences in a set of

records.

On that occasion we would like to underline once again the great
practical advantages of the use of the method of the least squares in addition
to its deep theoretical ground. The realization of a SA and of an AV for our
purpose is a simple question of a suitable choice of the unknowns in one or
another variant. In addition the AV in principle is based upon the method of the

least squares.

In our opinion we have here once again a demonstration that the power
spectrum analysis, an excellent method when the spectrum is unknown, is not
convénient for us. For its application we shall have to look for solutions of
the problems : gaps between the records, partial overlaps, variations of the

amplitudes and the phases in the different stations. We shall have still to



5021

search the equivalent notions of the sum of squares, the degrees of freedom and

of the statistical criteria used in the AV.

II. SIMULTANEOUS ANALYSIS.

For a SA we must set up that the tidal parameters, say & and k are
the same for all record. For that purpose the classical unknowns related to
amplitudes and phases are not suitable, as they are different in the different

stations.

On the contrary the unknowns
£ = &6 cos ¢ and n = -8 sin ¢, (1)

suggested in {1,2}, make no problem for the practical realization of such a

condition.

In the program {3} for the application of {2} we have presumed the
option of a %/ based upon the use of (1. However this option was a guite
limited one +1om the restricted computing facilities at the bime. It seems that

it has not been used.

The use of (1) and the method of the least squares reduces the 5A
to an addition of the normal equations relative to the individual records and
to the resolution of the new system of normal equations so obtained. In such a
way we may process simultaneously the individual analysis of each record as
well as the SA of all records. The only problem is that the lengths of the indi-
vidual records may be different between them and different with the length of
the global record realized through the addition of the records. Thus we may have
different variants of grouping of the waves. We shall see that this is a simple

practical problem.

In the program SVETLA we apply at Sofia as well as in its variant
we have developed at ICET, Bruxelles with Dr. Ducarme we have a much more

flexible option for the SA than in {3}.

A part S, of the storage of the computer is used for the composition

and the resclution ol the normal equations of each record. When the analysis of
a record is over, the normal equations are transfered into another part 82 of

the storage, together with a sum of squares and the degrees of freedom necessary
for the AV. The results from 81 are printed and then it is used for the analysis

of the next record.
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In 82 we have an accumulation so that after the last record we have
the normal equations for the SA together with the elements necessary for the
determination of the mean square errors and for the AV. Then the information
from 82 is transfered to S1 where the analysis is processed just as of the indi-
vidual records. A few additional computations are realized and the results are

printed with a convenient modification of the format.

The problem of the difference of the grouping between the records

and between them and the global record is overgone in the following manner.

In SVETLA the observational equations as well as the normal equations
are initially composed relatively to the most detailed grouping. Thus these
equations may be linearily dependent if the record is somewhat short. However
this is not an obstacle for their composition but for their solution. For the
resolution the normal equations are compressed {4} through a convenient addition
of the rows and of the columns. The transfer from 81 in 82 is realized before
the compression as well as the transfer of S2 into Sq. Thus we may process the

analysis of each record as well as the SA under a whatever grouping we want.

SVETLA is designed for the application of the method {5} in which a
weighing of the observations, i.e. of the filtered values is presumed. This does
not implies difficulties for the computation. In the same time the weights used
are not correct having in mind the rigorous definition. They reflect the varia-
tion of the level of the white noise as well as the appearence of some errors
but not entirely the real noise. For that reason they may be used for the ana-
lysis of a record obtained by one instrument and of records obtained by similar
instruments. When records obtained by very different instruments are used 1t is
dangerous that the weights will not reflect the real relation of their guality.
That is why in SVETLA we have the option when transfering from Sq to 82 the
equations to be divided by a mean value of the weights as well as an analysis of

unWeighed filtered values.

The proof that the equations for the SA are the sum of the eqguations
for the individual analysis is a rather trivial one. However we shall give it in
aorder to introduce the designations necessary for the AV. For a simplification
we shall use here a unification of the designations though it is not very practi-

cal for programming.

We shall denote by a vector column X the set of all unknowns & and n
relative to the grouping for the SA. We shall accept that this grouping is

coinciding with the most detailed grouping in the program and this simplification
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does not affect the generality. By m we shall denote the number of all unknowns

in X, i.e. m is equal to twice the number of the groups in the SA.

Let us have R records and let__qr be the vector column composed of
all observations in the r-th record, i.e. of all filtered values obtained
through both the even and odd filters. We have in mind only the set of obser-
vations relative to one of the principal groups of waves, i.e. diurnal, semi-
diurnal, terdiurnal or long period waves. We shall denote by Nr the number of
the observations in_gr; i.e. Nr is equal to twice the number of the filtered

intervals.

The more general assumption about the‘unknownsxﬁ is that they are
different for the different records. I€ ﬁf are their values for the r-th record
in the general case we have

X K A X (2)

-For that assumption we have to compose the equations of observations

QT separately for each r. Let these equations have the following general form

U, = A . X (r=1,2, ...R) (3)

AL U = A A . X (r=1,2, ... R) (4)

where 7 means the transposition of a matrix. Still in the general case the
grouping of the record r may be different from the grouping in the SA, i.e.

the number of the unknowns may be m # m. Then the vector f} in the observational
equations may be replaced by a vectorir composed of m unknowns, and the matrix
ﬁ& by a matrixgr with dimensions Nr xom . Thus the observational equations will
be

U = B.Y (5)

and the normal equations will be

B U = B B .Y (6)

e
For our practical aim it is important that the vector ET Er and the matrix
Er‘%-gr may be easily obtained from the corresponding elements of the equations

(4).



5024

A less general assumption about the unknowns than (2) is to suppose

that they do not change with the records i.e. to make the hypothesis that

X=X = e Xo = X | (7)

Then instead of R different sets of observational equations (3) we shall have

one single set unifying all equations i.e.

U, = A . X (c=1,2, ... R} . (8)

The essential difference between (8) and (3) is that in (8) X is the same for all

records and the solution of all equations should be realised simultaneously. If

we denote

R
N = 2 N (9)
-
&

and by U an N x 1 vector column and by A an N x m matrix which are defined as

follows
Hq QT
Ez éQ
u = A = . (10)
Yp it

then (8) may be written as the matrix equation
g=4 . X (11)

from where we get the normal equations in a matrix form

3% *
A U= A A.X (12)
Having in mind (10) we see that
e R > > >
A U = > A U and A A = A A (13)
= - l"';'T =TI I = = = =r =

Or the elements of the normal equations (12) for the SA are the sum of the

corresponding elements of the individual normsl equations (4) composed for the

detailed grouping.
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III. ANALYSIS OF VARIANCE.

Descriptions of the AV, of its theory and applications, may be found
in many books on mathematical statistics, for instance in {6}. It is based on
the comparison of the sums of squares of residuals obtained by the method of the
least squares obtained (i) when a given hypothesis about the unknowns is made

and (ii) without this hypothesis.

The degrees of freedom f of a sum of squares is the number of inde-
pendent squares by which the sum may be represented. For a sum of sguares
obtained by the method of the least squares f is equal to the difference between

the number of the observations and the number of the unknowns.

If R, is the sum of squares for the case (i) with f = f, and Ro is

1 1
the sum of squares for the case (ii) with f = Fz, the AV is based upon the
determination of the Fisher criterion
R,l - RO RD
F = I T F / —_{_:* (14]
1 0 o
which has the distribution of Snedecor or F - distribution with f1 - fo and fo

degrees of freedom.

We intend to apply the AV in order to verify whether in our set of
R records we have essential differences between the tidal parameters. We shall
make the hypothesis that there are not differences, it is that the equation (7)

is satisfied.

The equation (7) brings us to the equation (12) from where

* >* K

R,I=LJ__[_J_~_)_<_

>

u and f = N -m (15)

When this hypothesis is not made we have the general case (2). It
brings us to a set of R equations (B) each one relative to one of the records.

From each of them we obtain a sum of squares

R = U 3] - Y B U with f
or -r =T -r = -r or r

(16)

il
=
1
3

degrees of freedom.
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The sum RO will be

R R

R
r= = =

The elements Er.*-gr necessary for the calculation of (15) and RDr
with for necessary for the determination of (17) are stored in the storage

82 when the analysis of the r-th record is over.

With the sums of sqguares and the degrees of freedom determined we
obtain FO after (14). If the hypothesis is not true and we have greater discre-
pancies between the parameters of the records we must expect greater values of
FD. On the contrary, if the hypothesis is not true, we must have less important

values of F _.
0

In the last case FO must have the mentiocned F - distribution. For
a given fiducial probability P we may found from a table a value FC = FC (P,

f,-f,» f,) such that the probability for

E > F is a=1-P , (18)
0 c

where a is often called level or degree of significance. In such a way a is the
probability to make an error if we reject a true hypothesis, in our case 1if we
take a decision that there are significant differences between the parameters of
the records when this is not true. It is reasonable to chocse a somewhat small

value, for instance a = 0.05 =5 % as it is usually done.

So the AV is achieved with the determination of FO and its compa-
rison with a critical valuekFC. It FO > FC we may conclude that there are

important (significant) differences between the parameters of the records.

IV. EXEMPLES OF SIMULTANEOUS ANALYSIS AND ANALYSIS OF VARIANCE.

We shall give two exemples. The results gquoted are to be considered
as preliminary. They are not designed to be used for geophysical purposes but as

illustrations of the methods suggested.

In table 1 are presented the § factors of four waves obtained from
the individual analysis and the SA of four records. They are realized by Prof.
Bonatz in four different stations with one same gravimeter. Each record as a

length about 100 days.
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The critical values FC determined for a level of significance

a =0.05 =5 % and for the degrees of freedom in the table are (taken from {7})

F = 1,39 for the diurnal tides

and

F
C

n

1.46 for the semidiurnal tides.

In the both cases there is F > Fc’ i.e. we have significant or syste-

matical differences between the four stations.

We have analysed four records obtained in the station Potsdam by one
gravimeter by Dr Dittfeld. Some of the results are given in the table 2. Each
record has a length of about 1 year. The internal precision of the records may

be estimated as a very high one.

The critical values FC are close to those given above. Here again
we have F > FC or it may be concluded that there are significant differences

between the four records.

V. STUDY OF THE VARIATION OF THE TIDAL PARAMETERS WITH TIME AND INDIVIDUAL
ESTIMATION OF THE PRECISION OF THE PRINCIPAL TIDES.

In the program SVETLA there is the option to divide the record
analysed into short pieces. Each one of them is analysed individualy and then

the analysis of the whole record is obtained as a SA of all pieces.

There are two ways to realize the division of the record : (i)
giving at the input the dates of interruptions that define the pieces and (ii)
by the definition of the length of one piece. In that way we may get the tidal
parameters as functions of time. When the record is long enough and when we have
many pieces we may estimate the precision of each of the principal wave indi-
vidually. The determination of a parameter from one piece is accepted as one
observation and the estimation of the precision is reanalysed as in the classi-

cal case of direct observatiocons.

In the table 3 such an analysis is given for a very large record
in the station Dourbes 1. In that case each piece of the record has 360 days
observations. It is evident that from such a table the mean square errors can be
easily calculated for each wave and it is easy to study the variation of the

tidal parameters with the time.
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In the treatment of that important serie we have met some diffi-
culties that are still not overgone. That is why we have not succeeded in the

SA and the mean square errors are not presented.

The SA and the AV here discussed have been worked out in a collabo-
ration with H. Dittfeld, Zd. Simon, P. Varga and V. Volkov in relation with the

simultaneous observations in Pecny.

In conclusion we want to thank Prof. Melchior, Prof. Bonatz and

Dr. Dittfeld for providing us the data here used.
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TABLE 1 Profile measurements, GS 15/206, M. Bonatz
Station 01 K1 M2 S2
Bonn 1 1.1669 1.1232 1.1959 1.2279

68 46 29 51

Walferdange 1.1486 1.1454 1.1805 1.1991
37 28 18 29

Bruxelles 1.1753 1.1692 1.1936 1.2442
85 58 25 48

Strasbourg 1.1475 1.1355 1.1901 1.1993
35 22 25 49

SA 1.1617 1.1480 1.1923 1.2177

33 23 13 23

F 3.2 5.1

degrees freedom 42 / 496 30 / 512
TABLE 2 Potsdam GS 15/222, H. Dittfeld

Epoch 01 K1 M2 s2
21.03.74-15.12.74 1.1558 1.1367 1.1890 1.1871
12 9 6 12
21.06.75-28.06.76 1.1522 1.1444 1.1898 1.1946
12 8 5 10
2.07.77-29.06.78 1.1528 1.1417 1.1888 1.1920
13 8 5 10
1.07.76- 1.07.77 1.1517 1.1392 1.1877 1.1921
12 8 5 10
SA 1.1534 1.1405 1.1888 1.1911
6 4 3 5

F 5.5 5.6
degrees freedom 54 / 1558 36 / 1582
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TABLE 3 Dourbes 1 NS, Pendulum VM 7, P. Melchior, A. Vandewinkel

EPOCH 0 K1 M2 52
8.03.63- 3.03.64 0.8854 0.4927 0.4477 0.5303
388 245 20 40
4.03.64-28.02.65 0.8744 0.5341 0.4431 0.5463
282 202 20 37
23.05.66-23.05.67 0.8588 0.5182 0.4372 0.5417
. 248 172 15 27
23.05.67- 2.06.68 0.8107 0.5198 0.4333 0.5391
241 169 18 32
3.06.68-30.05.69 0.76889 0.5143 0.4346 0.5267
301 233 21 33
30.05.69~26.05.70 0.8622 0.4983 0.4388 0.5329
310 213 20 37
27.05.70- 5.06.71 0.8767 0.4845 0.4371 0.5258
251 174 19 33
6.06.71-27.06.72 0.7903 0.4798 0.4281 0.5299
251 174 18 34
27.06.72- 1.07.73 0.8378 0.5692 0.4366 0.5255
259 180 19 35
2.07.73- 1.07.74 0.8367 0.51889 0.4376 0.5288
267 178 21 41
1.07.74-27.06.75 0.7424 0.5243 0.4335 0.5259
346 227 45 88
26.06.75-31.12.76 0.8408 0.5108 0.4494 0.5384

268 172 12 23
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Time Variant Tidal Estimators -

Design and Interpretation As Performed In The

HYCON=-Method

Klaus Schiiller, Institut flr Theoretische Geoddsie der

Universitit Bonn

Abstract: Time variant tidal parameter functions as derived
from the HYCON-Method (Schiiller 1976,1977a,b,1978)
are reviewed for interpretational purposes. A de=
tailed study on the interactions of model waves
and perturbation processes leads to a normalized
spectrum of coherent perturbation energies for the
tidal wavegroups. By means of this spectrum addi-

tional signals, which may exhibit energy in the
o]

1. Derivation of time variant tidal parameter functions

A detailed presentation how to derive time variant tidal
parameter functions is given in SCHULLER 1976,1977a,b, so

that the main results will only be summarized here.

a d of N hourly sampled tidal observations which

is supposed to have no gaps. Let us define a basic interval

ng <<N) which allows for a desired resolutlon of

. If we now shift this basic interval over
ord by an constant displacement AT and relate

to each shifting the set of estimated auxilary tidal unknowns
c S
X

T = §.cosk. and x. = 6§, ol“K of the tidal admittances §.

X 1 1 1 1 1
and phase shifts Kep We obtain the so called empirical para-
meter functions

c c, s S
x: = %x.(T) ;3 x5 = x:(T) 1.1
o 3\ ) s i 1.( J ( , )

which are now functions of the central time T = TO+kAT
and refer to the center of each shifted interval (k = O,1...

N=-n
AT)'
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All values of xi(T), x?(T) are estimated by the ordinary
least squares technique where the Hanning window is intro-
duced (SCHULLER 1977a) to reduce leakage effects and con-
sequently to allow for a lower sampling rate in T, i.e.

for larger displacements AT. The relation between the basic

interval length n and AT was found to be

m
< I
AT = m (1.2)
c
where w, is the cut off frequency of the spectral window
D{w). For the Hanning window AT < %5 has been derived from

(1.2).

As the functional model assumes éi and Ky to be constant with
time (what is reasonable for the pure body tide) all time
variations may then be interpreted as interactions between
the pody tide model waves and a perturbation process z(t)l)*#@
The properties of z(t) will be discussed in the next section.
For the moment it 1is to state that z(t) causes departures from
the expected constants Xio and x?@ of xi(T) and x?(T) respec-
tively, so that the solution vector becomes

x(T) = x (1) + bx(T) (1.3)

2. What makes the parameter functions vary with time?

Time variations of the parameter functions, defined in the
previous section can be thought to be generated by mainly
two interactions of a perturbation process z(t) (z(t) may

contain both deterministic and random signals).

a) Additive superimposition

so that the observations can be written as

i

y(t) yoﬁ;)# z(t) (2.1)

b) Modulation

i

y(t) y(t) - z(t) (2.2)

++ 1) The notation 'perturbation process'is carefully to be taken
because here perturbation is meant with respect to the
body tide signal. Hence, all signals contained in a tidal
record which are no body tides will be considered in this
sense as perturbation z(t).
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However,as modulation of yo(t) by z(t) means a spreading of
the tidal lines, modulation may be subsummed to additive super-
imposition. Nevertheless, it will later be shown that we can

distinguish between events, either related to (2.1) or (2.2).
With respect to Ax in (1.3), the analytical expression is

Ax(T) = N7 (T)Au(T) (2.3)

where N(T) is the normal equation matrix associated with the

solutions for the shifted intervals and Aw(T) is the corres-
ponding additional absclute vector due to z{t). Hence, we
have to investigate the elements of N(T) and Aw(T), what is

done in the next section.

Evaluation of Ax(T) in terms of N(T) and Aw(T).

Let
oy
R Jop . “ ; .
Oii<u/ § J_lJCGD(u) ju-%.q)i;])
J=1 ©
and 5.1
n U (3.1)
R, Y meenv A sin(w. .H+o0.
ul(t/ -64‘13 AT \L})lju‘%'(")l:>
e (i = 1,2...u)
(j = 1,2...u;)
be the theoretical in- and out-of-phase signals for the u

tidal wave groups. Then, the elements of the normal equation
matrices N(T) may be written as energies and Cross energies

of a,(t) and B.(t):

e 1s AP . =g - - ~BB
Y% (1) = Zo.(t+T)a.(c+T)d(t) = EL.
i 1 J iJ
¢ t
« 25 5 A, A, D(Aw.. . Jcos(hw,, . T+Ag., . (3.2
ZE B ( 1kgl> ( ikjl cp1Lc31) (5.2)
k 1
- =n+l n-1
tTo= 'T, o..o.,“‘—2—")
(kyl = 1yeee, u,)
i
where da(t) and D(w) are the windows in the time and frequency
. o o
ains, Aw., ., W., ~W and Ag.. .. % 0., = Q. I
domains, Awlkgl Wey u31§ nd !/ ixil” ik @Jlg the phases
@O refer to the first central time point TO in absolute time
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Furthermore,
0B = = p
VY = a.(t+T)B.(t+T)a(t
13 Z l( )BJ ya(t)
= 25 2 A, A. D(Aw.. ..)cos(hw. . T+A +Iy  (3.3)
p ik il ikjl ikjl "%kl 2 °

X
Note, that E?? = 0.

For the evaluation of Aw we assume the perturbation z(t)
to be expanded into Fourier series over the total record.
Then, the elements of Aw may be written in an analogue manner

to (3.2) and (3.3) as

c G - - vl
Aw;(T) = EXZ(T) = L a(E+T)z(E+T)a(t)
+ €
n . z 2
2 = ) . WA . . . N o o e,l-
z - z A13 mD(Aw Jm)cos(AlemlvA@lJm) (3.4)
Jom
and
seS(T) = BEF(T) = I 8(E+)z(E+1)a(R)
- €
n . T I
= 2% ¥ ALL.A%D Aw smicos(bw, . T+A = o
D AggAnD (b deos (buy g Tesey 5o e3)  (3.5)
Ly
To illustrate the situation let us evaluate Ax of (2.3) for
two frequency bands:
-1
™ ~ -1 ad -+
oo, OO OBy 2 OZ
;mll(T), 0 s ;12(1), le(T)r il (T)%
1 i
i B8 LGB, BB 7 {
L0 22, 258 (my, e85y EPR(my|
AX = | o - (3.6)
, 2O 0B £ OOy 0 02 {
;*-‘12\-5-), *—'21‘\“)9 }1'22\1/5 ~ {i—-'a (T);
| R o |
fw—\cfvg \ p‘ ol Mmoo ?56 m { Qe’z m ‘
é'hlz(rr/s lez(*.)% G 3 4«'22(«- _i :—-‘2 (-b)wi

For the inversion of N(1) we make use of the fact that the
ements are dominant if basic record length n is
n appropriately with respect to the desired resolution
1 Hanning window

4

i d a
SCHULLER 1976 9?7s)w Hence, we can expand N “(T) into a



(8]
o
0
(@})

NTHT) = (AN
- g;1<T>~N;1(T>A§(T>N;1<T> (3.7)

with ﬁO(T) iag(N(T)).

. . . " c
Finally we end up for the elements of Ax, e.g. Axl(T) and

xi(T):

02 m mo M
. B9%(T) BT oz %5 (1) o
Axl(T) N SO0 m B =00 Ty R n& Eo (T) - SO0y BB E2 (T)
R0%(1)  EDT(MESG(T) 22%(m)z8 (1)
Bz, a0B BB,
,S - . .[f.«l (1) _ l-lgi(‘) o7 . _ l2<l> _‘BZ -
AAl(L) - R_TBV(rp E«SB/ e T)bc ( ) BB m BB hz (l)

Definition of the BMW- and MCMW estimator for the

ceneration of parameter functlons

[

As may be concluded from (%.1), all constituents of the
P

Cartwright-idden development (Car twright, Edden 1973) are

or for the set of parameter functions
e it is related to tidal frequency bands. Inter-

interval as a moving window

c
to that estimator as 'Band Moving
e

Window! (BMW) estimator. However, there is one serious diffi-
e

~ulty for a unique interpretation of the BMW-parameter func-
tions. As a2 consequence of (3.8), only the first term in that
equation is of 1mportance provided the window 1is carefully
chosen:
%% ()
S it NS r
AxT{(T) = ; AxT(T) = (4.1)
ﬁCiCi(rp\ 1
BT

BB

In order to relate the time variations uniquely to the in-
), the denominators B2 (T) = Biy in (4.1) must
1 £

be constant with time. This, however, is not true when grouping
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tidal bands with several constituents of similar energy

contribution. To overcome this difficulty, one can make

use of the fact that the body tide admittances and phase

shifts are fairly well known (8 = 1.160, y = 0.687, « = 0).
Then, we can evaluate the predicted body tides for all con-

stituents of a tidal wave group. Hence, to get rid of the
. , . . . o
considerable time variations of E%i

P1XK1, S2K2 only the main constituents (MC) of those groups

and Egg in groups like

will be included in the body tide model (3.1), where we

define MC as the superimpositionof all constituents clustering
around the biggest one with the maximum frequency distance

of the moon's perigee (0.00469/n Z 8.80 years) or even less.
Consequently,if only the main constituents are modelled the
rest of the group has to be substracted from the data by

the predicted ones. The estimator dealing with those main
constituents for the generation of parameter functions will

be referred to as 'Main Constituent Moving Window (MCMW) *

estimator. Since the assoclated Ei?(T) and Eig(T) are rather
constant with respect to the total record length N, time
variations are now uniquely due to the influence of z(t).
Even if the elimination of the remainder of the group is not
perfectly done by its prediction we are able to identify this

fact as it will be shown later on.

The normalized spectrum of the residual parameter functions -

a tool for signaldetection and interpretation.

To illustrate the further processing of parameter functions

the following general situation is ciscussed (Fig.1) :

&
:
&
<
S
&
&
&¥

“y “\,@,‘6 3

Fig.1l: MC and perturbation lines
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The tidal band i contains the main cgnstituent with mean AT’wT’
W and additional perturbation constituents located around

W e The problem is to estimate mzi, Azi, ¢zi from the para-
meter functions. In order to reduce mathematical work, let us
consider only one pair ZUl(t) = zU(t) and le(t) = zL(t) S0
that

2(6) = zy(8) + 2, (). (5.1)

To deal with the general case let us additionally assume,
i = - = - =1/ =
that lAwT,Li"'wT wZL] |, szI ’AwT,UI |Aw| what means a

symmetrical perturbation pattern with respect to the tidal

frequency Wep e

In the first step we generate the residual parameter functions

rc(T) = XC(T) - x°

w5 rg(E) = xT(T) - xy (5.2)

M

. c s c S
where Xg and Xy are the averages of x (T) and x (T) res-
pectively. It should be notec that if there is a pertur-

bation with the tidal frequency itself, all its energy is

s . .. c S
and X, in bilasing the true values X, and x

. c
consumed by x o

M
and therefore cannot be detected.

These residual parameter functions can now be represented
according to (%.2) = (3.6) and (3.8) as

rc(T) o AUcos(wAwT+A¢U)

(5.3)
+ ALcos( Am1+A¢L)
where A A
ZU 27, (Aw) o} o
A, 2 —= D(Aw), &, = —= D(Aw), Lo, = 00 = ¢
U AT L AT U T Zy
~ O _ O
A(PL— Q’T @Z (5‘4)
L
or, with a similar equation of kind (5.3) for rs(t):
rc(T) = AUcos(AwT~A@U) + ALCOS(AwT+A¢L)
. , (5.5)
PS(T) = AU31n(AwT—A@U) - AL51n(AwT+A@L)
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From a Fourlier analysis of PC(T} and rS(T), we estimate the
Fourier coefficients aC(Aw), bc(p»), aS(Aw)3 bS(Am) (SCHULLER
1977b) so that (5.5) can alterna® ively described by

r (T) = a (Aw)cosAwT = b_(Aw)sinAwT
¢ ¢ ¢ (5.6)
rS(T) = aS(Aw)cosAmT - bS(Aw)sinAmT¢
Equating (5.5) and (5.6), it follows
] T Tl s o -1] Ta_(am]
Ajcoshey cy 1 0 - ac( w)
&USlnA@U LS 1 0 -1 -1 O bc(Aw)'
- - “‘2_ (597)
A;cosbey ¢ 1 0 0 1 as(Aw)
Ar sindep S 0O -1 =1 0 bS(Aw)
Finally, we obtain:
A
—e z
- 2 L2 . U
AU = /cU + o8y = Kgu D(Aw)
s
o
A@U: arctan(zg) = on < @Z (5.8)
Uu A U
——s z.
A = Jef 4 s = ) D(Aw)
L L L AT
s
Aoy = arctan(ré) ﬁ-@% - ¢z
~L L
Since AT, g%,wT,D(Am) are given, the parameter of the pertur-

bation constituents, i.e. AZ 5 Az 5 w; s mg s W, s W, can

U L u L U L
be approximately determined. Compared to the results in
SCHULLER 1977b this presentation is an extension of what in-
formation can be derived from time variant analysis. The pro-
cedure described can be applied in a similar way for any pairs
of perturbation constituents around the tidal frequencies.
Generalizing these results, & normalized amplitude
spectrum A(Aw) and phase spectrum A¢(Aw) for %% < bw < §ﬁ
may be generated for every tidal band. For the interpretation
of these spectra the following conclusions are valid with res-

pect to the influence of the perturbation z(t):



a)

o)

c)
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z(t) is additive and random

If we assume a rather constant energy distribution over
the tidal bands, the normalized spectrum will follow the
shape of the spectral window D(w) due to (5.8). The phase

spectrum is arbitrary.

z(t) is additive and deterministic

If z(t) contains constituents with energy concentrations
in the tidal bands, the normalized spectrum will exhibit

peaks.

z(t) is acting as a modulation

If most of the energy of the modulation z(t) is concentra-
ted at frequencies less than the bandwidth of D(w) (what

is usually the case) the normalized amplitude spectrum A(Aw)
is symmetric around Aw = O (i.e. Az(w) is symmetric around
the tidal frequency wT) and the phase spectrum Ag(Aw) 1s anti-
symmetric around Aw = 0. This feature becomes extremely im-
portant when looking for time variations of the elastic pro-
perties of the Earth, dilatancy effects (BERGER, BEAU-
MONT 1974) , non linear responses (BEAUMONT 1978) etc.
Numerical results

In this section the proposed procedure 1s demonstrated by

numerical examples. Fig.2a,b show the residual parameter
functions (5.2) for the 2N2 band of a theoretical tide
record, superimposed by an additive perturbation z(t), which
has energy concentration in the 2N2 band. Fig.2a presents
the BMW-residual parameter functions while Fig.2b refers to
MCMW=-ones. Comparisonof both figures emphazises that those raw
time variations have to be interpreted with care because the
rather exciting variations of BMW-origin are due to the pre-
sence of the relatively big constituent u2‘%hich causes that
particularly interesting scatter. In Fig.2Db Mo has been re-
moved from the data and only 2N2-MC was modelled in (3.1).
Now the dominant time variations occur with rather long
periods indicating a perturbation energy concentration near
2N2-MC, which is consistent with the nature of the génerated
z(t).
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The superior properties of MCMW-parameter functions over BMW-
ones in bands where two or more big constituents are present
are demonstrated in Fig.3, but now by means Qf the normalized
Fourier amplitude spectrum A(Aw) for the Kl-group. There at
P1 an energy concentration of z(t) was generated. As Fig.3
illustrates the BMW-spectrum (solid line) smears the pertur-
bation energy over the complete band, while the MCMW-spectrum

points correctly at Pl frequency.

Another experiment was done in order to derive the parameter
of perturbation constituents gquantitatively. For this purpose
energy concentrations at MP1 and OP2 were generated in a one
year theoretical record. From the parameter functions based
on a 1356 hours basic interval and the normalized Fourier
spectrum (Fig.4, Fig.5) respectively, the following results

have been derived (Table 1):

1
w A{theory)|A(est.) Ag (theory) |bo(est.)
[®/n] [1~10"4] i‘[1°10”"”‘] (el (ol
1N
14.02 12.9 15.2 89.0 82.3
28.90 15.1 18.4 -89.0 -81.6
|
Table 1

Since the theoretical amplitudes of 01 and M2 are AOlz 30. 4uGal
A= 28.05uGal the amplitudes of z(t) are in the order of

gh no‘noise was present on the data, the experi-
ment demonstrates that even small signals can be detected pro-

hey are beyond the intrinsic noise level.

The final example aims at meeting the real situation by using
model series which is composed of theoretical tides (5»;_1,‘169
and observed air pressure induced gravity changes

ctra at the fundamen-=

s
efficient 0.3uGal/mBar. Fig.6 and 7
rier line spe

v
al frequencies for K1 and S2. There we observed more or
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less uniform spectra except at S1 (w = 15°/n) and T2

(w = 29.96°/n), which are significantly beyond the noise
level. Note that at K1 and S2 frequency the air pressure
induced energy is completely consumed by the mean values

of the parameter functions so that there is no energy'left.
Anyway, this example shows that the normalized Fourier spec-
trum may become‘a powerful tool with respect to multichannel

.~ regression analysis in the frequency domain.
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Fig.2b: Residuals of 6cosx and 6sinc for MCMW-estimator
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Fig.6: Model: Airpressure + Tides
(MCMW -estimator)
y(t) =1.16-y(t) +0.3p(t)
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DETERMINATION OF THE LONG PERIOD TIDAL WAVES

A.P. VENEDILOV B. DUCARME
Geophysical Institute International Centre Earth Tides
Bulgarian Academy of Sciences Observatoire Royal de Belgique

I. INTRODUCTION

The first observation of the Earth tides with useful qguantative
results was the determination of the long period tides (LP) by G. Darwin

(1(p.163)).

In the present time when more direct methods of instrumental obser-
vations are used the problem was somewhat delayed. The reason was in the important
difficulties, namely the lack of a high enough precision and the lack of long
enough records without or with a very stable drift. For the same reasons the
development of methods for the analysis and the determination of the LP seems to

have been also somewhat delayed.

It may be said that Chojnicki (2) has activated the problem. He
developed and applied a method based upon the zero-point procedure. In (3, 4),
however, some important failures in that procedure have been discussed.
Barsenkov has also used the zero-points but in a way that seems to avoid partly

its disadvantages.
An important approach has been realized by Wenzel (3).

In the present paper we intend to propose a method for the determi-

nation of the LP and some results from its application.

The method is based upon the general computing scheme accepted in
(6,1(p.178)) and in (7). We apply a pair of filters amplifying the LP and elimi-
nating the drift (as well as possible). The filters are applied on intervals
without overlaping and the filtered values are then treated by the method of the

least squares.

The reason for the substitution of the hourly ordinates by the
filtered values as directly observed quantities is similar to that implied in
the determination of ‘1w short period (SP) tides. Here, however, the substitution

is still more important. The separation of the LP from the drift is extremely



difficult and it important residual influences of the drift may be expected.
Indeed the hourly ordinates become strongly correlated and their treatment as

independant observations is a nonsense.

In other words, the noise is not a white one. As far as it may be
perceived as a stationary noise and we may talk about its spectrum, it must have
important finite portions of its energy distributed over the low freguencies of
the LP. The analysis must take into account these properties of the noise espe-
cially at the estimation of the precision. The substitution namely ensures an
estimation that takes into account at least a part of the noise at the freguencies

of the waves that are determined.

The application of that general scheme needed the resolution of a
series of problems : (i) choice of the length of the filtered intervals, (ii)
construction of the filters (iii) choice between the glimination and non-elimi-
nation of the other SP tides, (iv) grouping the LP or constitution of the equa-
tions of observations, (v) constitution of a computer program and, (vi) appli-

cation of the method.

In the following parts we shall consider the solutions of these

problems, some of them very briefly.

II. LENGTH OF THE FILTERED INTERVALS.

In the resolution of some of the problems stated above we have been
facilitated in a sense by the great difficulties of the task. It is a priori
clear, and this was proved by our experiments, that we cannot reach a great preci-
sion. The task has its natural limits and they cannot be evergone using the
restricted power of the numerical processing. Thus the experimentation of a very
great number of variants appeared to be useless and to be a waste of efforts and
machine time. That is why among them it is enough to choose anyone conform to the

practical circumstances and exigencies.

The length of the intervals will be denoted by N (N hours or N coeffi-
cients of the filters to be applied}. There are too many possible N but the

one or another value are not very evident. Or it is not certain

that an advantage will compensate the faults related to it.

¢ has the advantage that some longer waves may be
dotormined. It implic o also a possibility for a more sophisticated representation

0f the drift. At the same time the drift iltself becomes more sophisticated with



5053

greater risks for interruptions and of changes of its character. Thus we may

gasily get a worse elimination of the drift.

In that vague situation we had restricted our attention to an impor-

tant practical situation.

For the determination of a LP tide with a period T hours it is abso-
lutely necessary to process portions of a record with lengths N > T without

interruptions. An useful information for the analysis may be obtained from inter-

vals with N < T only if there is no drift which is not our case.

The records are usually realized with the main objective to determine
the SP for which the interruptions are not very important. Thus if N is a great

number there is a risk to remain with a very little amount of data.

This is why we decided to abandon the determination of very long
waves, and restrict ourselves to the direct determination of Mf, and to choose

the lowest reasonable N corresponding to Mf

N = 360 (= 15 days] (1)

which is a slightly higher than the period of Mf which is favorable for the sepa-
ration from the drift.

Of course there is room for other variants of N in the program we

apply.

III. CONSTRUCTION OF THE FILTERS.

Let Lt be the ordinate at the time t in a given interval and t the
time, measured in hours from the centre of the interval. Thus for the sequence

of the N ordinates t takes the values
t = -n, -n+l, .. n, n = (N-1)/2 (2)

where t and n are integers + 1/2 when N is an even number. For N = 360, n = 179.5.

We shall write the equatiocns of Lt in an interval in the following

general form
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where e is the error, Xik are unknowns functions of the central epoch of the

interval, in general, different for each interval, and A.K(t] are known functions
of t only. For k = 1 these are even functions - like cos wt or tzg and for k = 2
these are odd functions, like sin wt or tzz‘q, If k is omited it should be under-

stood whichever of the two types of functions.

The construction of the filters is made according to the technics
given in (7), namely through the consecutive orthogonalysation of the functions

A.(t).
i

Let A, be a N dimensional vector column whose elements are the values
of Ai[t) for (2). The seguence of vectors ﬁi (i =1, ... m) is replaced by the
vectors'Qi defined as follows. Bi is a linear combination of 54,... and éi and is
orthogonal to A

and ﬁd— but not to ﬁi' The filters are then obtained

17 1
through the normalization Ei’ i.e.

F. = B, /‘B. (4)
-1 —1 —1

This filter eliminates the components with index j < i, amplifies by a factor 1
the component with index i if it is of the same type - even or odd - and, in
general, does not eliminate the components with j > i. Thus for a given seguence
of components Ai we obtain a sequence of filters. If the components are arranged

as
A (5)

the filter corresponding to Ai will eliminate the components situated to the left

of A,.
i
The filtered value obtained by a filter Eik’ where k is added to
indicate whether it is an even or an odd filter, is

n

%
Uik = Eik L o= g FiK(t) Lt . (8)

t=-n
If e, are independant errors with a variance 52, then the variance of Uik will
be

(7)

8]

S, = F. F.
i .

2
and s~ may be estimated as

n 2 m
- e A kS
2 ; j 2 ; TR 2 :
S = Lt ) ,’% bik /[E1K L‘lk) (8)
k=1 i=1

t=-n
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If the filtered values are to be weighed as suggested in (7) the weights are
choosen as inverse to (7), determined with 52 from (8). When we do not want to

weigh U,, we proceed in the same way but we put 82 = 1.

ik

In the following we shall consider the choice of the components Ai

in relation with our goal.

IV. REPRESENTATION AND ELIMINATION OF THE DRIFT.

The value already choosen N = 360 practically solves the problem
without variants. As N is very close to the period of Mf, the only representa-

tion of the drift Dt within an interval is the linear function
D = Z + 7 .t s (9]
where ZD and Z1 are unknowns related to a given interval.

We shall denote

P1(t) = t =1 and Pz[t) =t (10)

and by P one whichever of these two functions. We want in any case to eliminate
the representation (8) of the drift. For that purpose, we shall have to put the

function P as a first component in the sequence (5).

V. REPRESENTATION OF THE TIDE.

We shall use the Darwin symbols of the tides, for instance Mf, to
designate the functions cos wt or sin wt which are in fact the functions Aik(t]
in (3), related to the tides. In that way the composition of the seqguence (5]
by the symbols of some tides (plus the symbol P for the drift presentation) will
mean that the cosine and the sine terms of these waves are included in the
equation (3). For each included tide we shall obtain a pair of filters (even and
odd) which will amplify it and will eliminate the other components situated to

its left.

It is clear that one of the tides must be Mf and that it must be
situated to the right of P. The filter corresponding and amplifying Mf shall be

designated by F and in general the filter corresponding to a tide V - by FV“

M¥

It is still necessary to include other tides because (i) we may want

FMF to eliminate some tides and (ii) in order to have an accurate expression (3],
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with which is related the calculation of the weights through (7) and (8).

We have established that it is necessary to represente the LP tides
by MM and MTM. As N is very small it is not possible to search a separation of

Mf from MM and MTM. That is why they must be in any case to the right of Mf.

It appeared that the SP tides must be represented in details. We
have choosen the following set of tides which we shall designate by {D,SD} -

{D,sD} = SIG1, Q1, 01, M1, K1, J1, 001, EPS2, MU2, M2, L2, 52, ETAZ . 11)

' For the relation between Mf and this sequence {D,SD} there are two
options : (i) Fye eliminates {D,SD} and (ii) Fye does not eliminate {D,SD}. In
the case (ii) it will be necessary to include some groups for the diurnal and
the semidiurnal tides in the equations ?or the values filtered by me. The tide
M3 is of very small amplitude and very high frequency and may be neglegted in

the sequence (11) and in the equations for the filtered values.

Corresponding to these two cases we have the following two options
of filters bult up through the orthogonal transformations of the following

components

Filters 9 P, {D,SD}, Mf, MM, MTM
Filters 10 P, MFf, {D,SD}, MM, MTM

The numbers 98 and 10 mean that there are still 8 other options used before them.
Some other variants are presumed but it does not seem that they ensure a serious

improvement of the results.

vI. THE COMPOSITION OF THE EQUATIONS FOR THE FILTERED VALUES (GROUPING OF THE
LONG PERIOD TIDES) AND THEIR SOLUTION.

The observation equations for the filtered values are composed as

in (6,1(p.179)) with the unknowns ¢ and n and the grouping of the tides.

We have the following 3 variants of grouping

TABLE 1

variant 5 ' Variant 6 Variant 7
055 - 068 MM 055 - 068 MM
071 - 077 MF 071 - OX3 Mf 055 - OX3 Mf

080 - OX3 MM
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The beginning and the end of each group is defined by the first
three digits of the argument number of Doodson. The number of the variants are
5, 6 and 7 because in the program we use there is another sequence of variants

1 to 4 in which we have groups like SSa whose determination is a simple nonsense.

Here the groups MM and MTM are included because they are not elimi-
nated. One could expect some results about at least MTM but the small amplitudes
in that group restrict considerably the precision. It seems that the last variant

has more or less good perspectives.

The filters 9 eliminate quite well the SP tides and they can be
ignored in the equations. For the filters 10 it is necessary to take them into
account. Having in mind the low precision as well as that an imperfection in the
representation of the SP is a high freguency noise relatively to the LP, all

diurnal tides as well as all semidiurnal tides are associated in one group.

The description of the constitution of the equations and their
solution is not necessary as it is analogous to that in (6, 1(p.178)) to (7)
when the filtered values are weighed. The same program as for the determination

of the SI tides (or a given part from it) may be used.

VII. RESULTS.

It is natural that for such a delicate problem we need very high
quality data. It is important to have in mind that data which are good for the
determination of the diurnal and semidiurnal tides may be not suitable for the

LP waves if there are many interruptions.

In relation to the interruptions the use of filters with a fixed
length has an evident disadvantage. If after an interval without interruption
follows a part of the record of N’ < N hours but N’ is not very small, in a
sense, than we shall have to loose it. For such & case we presume in our program
from a filtered interval of N hours to keep a given number of Nr ordinates in
reserve. If in the next record we have N’ < N hours without interruptions and
N - N° < Nr’ then a new interval is formed using both the Nr and N hours.
Evidently Nr must be a reasonably small number in order to avoid many and great

overlapings.

In the material joint to the present paper we give some results

from the analysis of data. They are :



w

The analysis of a set of theoretical tides of Dr. Wenzel.

The analysis of a long record from Frankfurt; the correction of the sensibi-

lity by 1.00138 / year is taken into account.

The analysis of a long record from Dourbes 1; in the practical handling of
these data we have met important difficulties that are not overgone and the

results must be considered as preliminary.

The analysis of 4 years observations in Potsdam. Despite the high guality

of these data, the precision obtained is not very high. It is possible to be
worsen ... from the great number of interruptions. The results are obtained

without the application of the option to have some Nr ordinates in reserve.

These results are also to be considered as preliminary.
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A Data-Base System for Storage and Retrieval of Time-Series Data.
- Earth-Tide Registration and CDC QUERY UPDATE -

by Horst KREMERS, Technical University of Berlin

The modern use of digital recording equipment for data acquisi-
tion with geophysical and meteorological time-series data and the
increasing uVaLM19¢_lEV of data—base systems even on small compu-

ters make the use of this tool for data storage and retrieval a
serious point o ”Oﬁsiderationo The experience gained here with
earth-tide xe ings are easily applied to other serics of con-
re data. The CDC {Control Data Corp.) QUERY UPDATE
S0 system can be regarded as an example for the
e ilar software avail 131@ on other computers. The
tures oOf Ox Janj”ublon main emphasis was laid
s of use and flexibility tial users. A lon
write-up of all software used is led since, although -
dependent, users may have access to the QUERY UPDATE system con-
sidering the increasing number of interconnected computer systems.

cribed in the following conceptually differs very
m other work on data-base systems in geodesy pub-

C I TRANKE (1979) extensively make
ecial regard to point-related
properties, statistical para-
e the items defined are very
different from each other with various (logical) relations between

‘ pr

eviously stored infor-

data-base concept can be
MARTIN (1975) (with applications using IBM Data Language)
e

d by LAVALLEE and OHAYON

Here, the implementation of a data-base system for time-series

was chosen because of other points of view. Data acquisition and



retrieval with long and multiple time-series is routine work at
its most. This states the necessity to handle all data very quick-
ly and effectively an at the same time increase flexibility of
usage an control on input and output. Some of the features of a
data-base software system appeared to be very useful in this sen-

se and the results are guite promising.

Storage media in use sofar are

acguisition is very much depen-—
ding on the facilities of recording the time-series and the equip-

Sinme even in the case of direct recor-

ment at hand on the site
ding on pe it shows to be useful to have
cards (because of the general

se cards also are used for

nd. There is not much diffe-

rence with regard to the overall organization in having these

cards copied on a magnetic tape. There, the equivalent file struc-
fure is maintained, the only advantages are the avoidance of a
card reader during input and a better protection against vandalism.
This organization can only be considered as a kind of hardware- or.
physical data-base. For instance, it will be very difficult to

make changes or extensions on specific data blocks, especially

when trying to find standard procedures for this.
0.3 Data Storage (software)

ssacvasasssses sesvcnsasnanotesonansesar 00a93860906009R 05C00208D70005CE0F000000000D

The conventional way of storing data on punched cards does not
imply any need for sustaining software after the data leave the
"manipulation”® First considerations of system—related soft-
ware occurs with storage by t 1

the help of socalled UPDATE-Systems.
=3

rv computer. The main features are:



- each data card is seen as one logical record
(not dividable into smaller units nor exeeding

the 80 columns card image)
- user—supplied identifiers

- system-generated sequencing information.

In most cases, identifiers as well as sequencing information do
not have any logical relation to the data stored, a fact that

makes it very difficult to generate standard procedures for input

or output.

A little more complicated but much more versatile and less error-
prone is the use of special data-base software since much of the
care to be taken during update and retrieval of data will be con-
trolled by that system and users get a better overview and flexi-

bility in data handling.

...................................................................................................................

Figure 1 shows a diagram of structure for the overall organization
of a data-base system. The upper part of it as well as its lower
end will strongly depend on the individual facilities of data ac-
guisition and use of data for analysis. The most interesting
"kernel" of the system is established by the components user,

system, and organization software, input, and output needs.

Two regions of activities can be distinguished in establishing a

data—-base system:

- construction and administration of the base from
the organizational point of view

- the special requirements of potential users
and their own communication with the system.

1.1 Construction and Administration

The fundamental task of preparation is a complete and detailed
analysis of the information tc be stored and the way this infor-

mation will be used.

In detail, this means:

- establishing a complete catalogue of all kind of data
to be entered into the base and their computer-specific
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description (format)

- finding data elements that can serve as key or identi-
fier for certain groups of data

- considering relations between data elements of the base
or other data files (possibly residing on a different
tape or disk in the system)

- implementation of security controls (access permittions
to certain users for reading oOr modifying parts of the
data-base)

- cooperation with the creation of standard procedures for
input/output routines

- implementation of an inventory system.

..................................................................................................

Communication with the base is possible with the help of a so~
called command language. The data-base receives instructions for
the performance Of specific tasks:

- insert new data

- change existing data

- extract data upon local files, cards, or lists.
These are standard tasks when considering time-series data and
since these tasks are of common structure, the preparation of

standard procedures is answering the purpose.

......................................................................................................................................................

The software listed in the figures was generated on the basis of

the reference manuals jisted in the bibliography.

According to the overview in 1.1, structure and characteristics

of data must be specified, first. This is accomplished within a
SUBSCHEMA that 1is compiled and stored separately. Fig. 2 gives a
simple example of data structure used in such a schema: two filesg,
no sectional structuring within files, one record type for each
file, element groups are formed by structuring records by three
levels of index, evexry (single) element can be considered to have
group element characteristics with regard to upper Or lower levels

of index.

At this point already, the first advantages oOvVer normal UPDATE ox

the mere use of punched cards appear:
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- every type of record is named and can be addressed by
that name, thus, different types of record can be
handled and easily be related to each other, if necessa-

ry

- data as element of a record can be named individually oX
grouped by level indexing (access to variuos sets of
data, oxr forming subsets)

- repeated elements (array) can be addressed individually
or all at once

- up to 819 elements may be defined within one record
(this property might allow the simultaneous storage
of recordings from up toO 130 gravity meters using the
international format).

2.1 Subschema

The term SCHEMA defines the set of all possible SUBSCHEMAS deri-
vable from a certain kind of data organization. The actual use
dﬁring any access routine is controlled by a subschema that defi-
nes the set of data a user has access to. The programming langua~
ge is the "Data Description Language" (DDL) already mentioned.
since the idea of the data~base concept generated from commercial
needs it is obvious that it is orientated towards standard COBOL,
but there are some attempts already to construct even ALGOL or

FORTRAN interfaces to such software systems.

.......................................................................................

Depending on the structure of data defined in a subschema which
has to match the structure of data representation on the file
used, data can be inserted, updated, oOr extracted from the file.
Central term and element for each record is the "key" element by
which each record can be identified. In handling time—-series data
it is obvious to choose the date (and time) for primary keys. This
establishes an automatic well-defined sorting facility which is
effected by the system itself. During input, for example, records
(i.e. punched cards) do not have to be sorted, the system will
place each one in the right position on the file with warning at
the encounter of duplicate keys. Again it 1is streséed that the kej
is one of the data elements itself, a fact that will facilitate

every kind of access.
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Communication with the base is not restricted to jobs operated in

batch mode but also possible in connecting the data-base on a lo-

cal file to a video-terminal and directly accessing the base "on-

line". Considering the amount of data to be handled in timemsefies
work and the standard nature of it, batch jobs will be focused

upon and appropriate standard procedures developed (Fig. 3).

2.3 Report Writer

.......................................................

A listing of data extracted from the base can be generated by the
help of a "Report" utility. The general features are

- tabular listing

- headings, footings, summaries

- facility of mathematical operations on the data
( statistics etc.).

Fig. 3 shows an example for a standard report procedure and a

sample output page is shown in Fig. 7.

...............................................................................................................

According to the SUBSCHEMA in Fig. 2 the following data elements
are administered in the base:
Gregorian date, Julian date, Theoretical Tides (array)
analog recordings (digitized manually) (array), digital
recordings (array), alr pressure (array) + site informa-
tion.
Arrays are dimensioned 6, the format for intra-base storage is
identical with the international format for earth-tide recordings.
(This is not obligatory since during input as well as during out-
put values for elements can be treated arithmetically, new ele-
ments computed from other input elements or non-standard formats
converted and vice-versa.) Key element for each record is the
Gregorian Date which serves for unique identification of records.
(Note: the standard format requests O or 2 to be added to the
cypheré of the date to identify half-days; each record contains

information over 12 hours).

Since the theoretical values of the tidal effect easily can be
computed in advance, these can be inserted annually by an INSERT

run (procedure IN1, Fig.3), record elements Gregorian Date,
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Julian date and theoretical tides are created, other elements of
different time-series defined can be updated (proc. UP1, UP2, UP3
Fig.3) by the time they are prepared for storage in the base.
(Note: there is no need of keeping a certain order of update since
the complete records are created by an insert run and elements get

default values (blank or zero) if not accessed during that run.)

In case it shows out necessary to have certain elements changed

in value this is accomplished by that same standard update-run
that can follow the insert. With the standard procedures, at least
one complete data card has to be supplied for input. As mentioned

active dialogue with the base.

Beside the tabular listing, a standard procedure for preparing a
local file in the international format was added. This permits
generating a data file of all information from the base that re-
fers to a specific time-series and at the same time structuring
the data to international format for analysis program input or
punch-file output. Each single time-series can be addressed indi-
vidually and the range (in time) of information requested can be

given by a start and stop date (see Fig. 3).

3.1 Standard Procedures

Since the international standard data structure was chosen for
each time-series in the base, job directives can make use of this.
To reduce the number of actually needed instructions for any run,
standard procedures have been designed and catalogued on a special
system-resident file. In order to identify different time-series
in the use of one basic procedure, extensive use was made of the
facility to substitute character strings during input and execu-
tion depending on parameters given on the procedure-calling state-

statement of proc. LIST, Fig.3), a very use-

cr

ment (see f.e. first
Bl

ful tool provided by Cyber Control Language (CCL).

P
S

Predominant feature of the use of standard procedures is the fact
that there is less danger in mixing up job control statement cards,
using wrong parameters, etc. All the instructions for a job (as

o

listed in the job-dayfiles of Fig. 6} are compiles by the succes-

sive call of several standard procedures and initiated in princi-
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ple by only one card during actual job input (first BEGIN call).
Procedures listed in Fig. 3 are catalogued (one section each) on

a permantent file that is easily made available to the job by an
ATTACH-statement. Procedures are automatically compiled for job
processing on the encounter of a BEGIN-statement. A user manual
showing the very simple organization for actual work with the base

is compiled in Fig. 5.

4. Summary and Outlook

......................................................................

The use of a data-base system has some sincere advantages over
conventional ways of data handling:
- records are not limited to the content of a 80 columns
punched card

- identification of records is controlled by a key element
that is data-inheritant

- great amounts of data from different series can easily
be handled

- standard procedures, problem- and user-oriented, are
easily provided for

- records are automatically sorted and updated by the
"time" element of the series.
Practical demonstration of the method uses registration of earth-
tide data but the concept can be applied to other types of time-
series that must be handled for a éonsiderable time-span, compiled
from different sources, and provided for a variety of users with

different access interest.

The subschema-example given must be considered as a "lowest-order"
data-base description. A more advanced system should be capable of
handling data for more instruments and different observation sites,
including calibration tables etc. Intermediately, each instrument
can have its own data-base stored on a separate magnetic tape but
using essentially the same software during access. A unified
treatment under an extended schema will have to take into account
the need of several ﬁore "key" elements (alternate key organiza-

tion) with regard to site identification and others.

For information on what is going on with the base it will show up

to be quite useful to establish an inventory for the base - a
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separate section of the data-base file that is updated each time
an insexrt or update-run occurs and also comprehensively generates
overviews on what kind of data had been inserted/updated, by what
user, and what is the overall range of data accessible for each

time—-series stored.

Since a data-base system is implemented not only for a single
user, the complexity of organization and the wvalue of the system
imply the need of'considering data security. Some aspects of con-
trol have been pointed out, already, but for instance, there is no
thorough means for restricting access to certail parts of the base
by the QUERY UPDATE software system. Future systems will have to

take account of that need.

Nevertheless, the use of a data—-base software system for storage

-

and retrieval of time-series data showed up to be highly benefi-

-

1 ER
4

cila once users get an impression of its possibi

},_...

much more simple actual organization in job processing (preparing

data-blocks for stepwise monthly analyses etc.).

Especially when considering the connection of various computer

systems by communication rnetze und Datenfernverar-
3

beitung, 1976) (Datenban ) as a means of

5

distributed Qata acquisition and processing it becomes obvious
that such a complex structure 1is operable only with the help of an

appropriate data-base software system.
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data
manipulation

l cards

magnetic

tape

command
language

interactive
mode

(video terminal)

organizational

software

system software

~ gystem—dependent
data preparation

- inventory

- data manipulation

data_description
language

administration

- data description
- group definition

- security/
access control

- data control/
integrity

- access permittions
and definitions

- standard procedures

- test routines

-~ inventory/ documentation

data-base

inventory

/

/2':'

///”_\\\i; M,//,,////”’@
[ magnetic ;@ (ﬁ;;;chea cards

i t 1 or
{ -ape .
\ = l iocal file

N

Fig. 1: Data-base System
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IDENTIFICATION DIVISION.
SUB=SCHEMA NAME IS GEOSCHEMA
DATA DIVISION.
s e e e ok kol e ok
e ofe ook A e e ok Rk g ok
oo sk st e e e sk ook ok K
AREA-NAME IS GEODATA TEMPORARY
% e e e ok ok ko
ORGANIZATION IS INDEXED
KEY IS DATE
INDEX-LEVEL IS ¢
RECORD-NAME IS MEASURE
02 INSTRUMENT=TYPE
02 INSTRUMENT-NO
02 STATION=-NO
02 STATION-NAME
02 COORDINATES
03 LONG-LAT
04 LONGITUDE
04 LATITUDE
03 X=Y-H
04 X
04 Y
04 H
04 SYSTEM
02 DATE
02 JULDATE
02 MAINTENANCE
02 THECRY
‘02 ANALDG
02 DIGITAL
02 AIR-PRESSURE

02 FILLER
e e ook Ok ok ok ok K

ook s sfe ol e e e e ko kX

s ofe o o ofe o A e obok ik

AREA=NAME IS KARTEN TEMPORARY
3 EEEE RS
CRGANIZATION IS SEQUENTIAL
RECORD-TYPE IS ZERO-BYTE
RECORD-NAME IS5 KARTIN

gz S1

02 352

02 JUL

0z D1

02 Al

Fig. 2: SUBSCHEMA

AREA DEFINIVION

pPIC
PIC
PIC
PIC

PIC
PIC

PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC

X(10)
2(3)9
1211

X(20)

Z(7).999
Z{7).99

Z{10) .99

£{10) .99

2(5).99

X(15)

2{61)9

Z{5)

Y

$99999 OCCURS 12

$99999 OCCURS 12
$99999 OCCURS 12
2(4)9 OCCURS 12
X{60)

AREA DEFINITION

PIC
PIC
PIC
PIC
PIC

TIMES
TIMES
TIMES
TIMES

iFile KARTEN is needed for
:system-dependent dataagre-
RE)

gparatlon see proc. Q

9999

9999

99999

1271771117

599999 OCCURS 12

TIMES
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Procedu;e QUPRE
«PROCQUPRE.,
LABEL,NT
COPYBFSNY,GEQNDAT A
REWIND,GEQDATA.
ATTACH, ASLIB,PE
LIBRARY, ASLIB.
COPYBR,INPUT,TAPLEZ22 .
REWINDs TAPEZZ,

QupP.
COPYBF,TAPE3O,CARDS.,
RETU”“ TAPEZ2,TAPE3O0.
IND:CARDS.

m»
=
t"&
=
70
(e}
(%]
w
=
g
)
™~
°

ST,QUJs *0Q,
3R QUCT, QU .

COPYBR,QUCT» QU ' P

QU I=QUINC,T=QUF.,

SKIP3sGQUF
I :

fyCAHDS;OUJe

URNsCARCS,OUIND, QUF,QUCD,
T, QUJeDC=IN, TID=Coe

UTEL,QUTPUT»DC=SCo

7

e O P
E)D’
CA

b=
-~
p>s

Quig
PL=pu;CM30000,T35FC

sYES»STTUB,

M B

> e
WO O
~4
< N

[

e

©

@

o]
s O

s
Ch M3 MMM @ A M
D7

e

c
0OF GEOSCHEMA{ED=1723,PW=LET}
RO

-t

ART S2 DI JUL ALUALLY

o
U
R
N
S
[
£
R
U

o oE e o T

NG STATION=-NO DATE +

OSCHEMA{ID=1723,PW=LET]
I
L

LET!

17235 PW=

1
i
S
(V%)
s "
I}
O
Q
©

sRyL=uGEODATA,D=PE,RING, e

RMFILEL723ASTRALIB, [D=17235 MR= 1o grmmerm——

PN

Preparing xoutine to be run with
all accesses to the base by pro-
cedures IN1, UP1, UP2, UP3.

Control of tape label and copy of
data-base to local file (disc).

Attach the program library of the
institute (or file that contains
all programs and subroutines in
compiled form) for latexr use.

Program QUP requests data from
TAPE22 and writes to TAPE3O.

Intermediate handling of data
via file KARTEN (see SUB-SCHEMA).

QUERY UPDATE SYSTEM call; input of
statements is expected from file

QUINO whose content is differently
defined by procedures IN1, UP1 etc.

File QUF gives a control output,
listing directives encountexed.

At the insert of new records, values for
station-no and julian date are assigned in
addition to theoretical values of tides.



Procedure UP2:

...................... cs00asoc0e

«PROC,UP2,
"BEGINsQUPRE,QUPCC,
BEGINs SAVE»QUPCC.
o ¥

«DATA QUIND

USE CARDS OF GEOSCHEMA(ID=1723,PW=LET)

REWIND CARDS

SEP ITEM-SIZE

EXTRACT UPON ART D1 AL(ALL)
REWIND ART

USE GEODATA OF GEOSCHEMA({IC=1723,PW=LET)
UPDATE FROM ART USING DATE DIGITAL(ALL)

END

Proredure UP3:

o PROC,UP3.
BEGIN,QUPRE,QUPCCo
BEGINs SAVEsQUPCCo,
o ¥

«DATA QUING

USE CARDS OF GEOSCHEMA(ID=1723,PW=LET)

REWIND CARDS

SEP ITEM-SIZE

EXTRACT UPON ART D1 AL(ALL)
REWIND ART

USE GEQDATA OF GEOSCHEMA(TD=1723,%W=LET)
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UPDATE FROM ART USING DATE AIR=-PRESSURE(ALL)

END

Procedure SAVE:

oPROC, SAVE,
REWINDSNT, GEODATA,
COPYBF,GEODATA,NT

UNLOAD» NT o

COMMENT o ®ikdbbsdhehsd ke dediss
COMMENT. ¥

COMMENT. * CONTROL OF DATA
COMMENT. ® BY REPORT

COMMENT. ® PROCEDo L IST
COMMENT . *

COMMENT. % ¥o bbb dvsdbdnddrdshedey

o ¥

Procedure COPTAP :

«PROC,COPTAP,
EL,NT»R»L=GEODATA,D=PESNORING,

COPYBF,NT,GEODATA

UNLOAD,NT

REWIND,GEODATA

o B

Fig. 3: Procedures Listing (continued)

?\\\“s Procedures UP2 and UP3 assign values foxr
elements DIGITAL and AIR-PRESSURE dependlng
on key "DATE".

e Copy modified data-base to tape.

—

Message to be inserted in job~dayfile.

In procedures LIST and CARDS this
procedure causes copy of tape HT to
local file, disk, GEODATA.
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Procedure CARDS:

cPROC,CARDSDATA;FROMSTOo
BEGIN, COPTAP,QUPLC.
REQUESTsFILELs*Q.
FILE,FILEL,RT=Z58T=Co

*

& F

QU, I=CARDC»ROs0=5CR.

o % . Input of QUERY UPDATE directives is expected
RETURN,QUPCCsCARDC. from the file CARDC defined by the .DATA-
REWINDsFILEL. ! Statgmenﬁ

COPYSBF,FILEL,

REWINDsFILEL. e FILE1 15 copied to output and punch.

COPYUFFILELsPUNCH,

ROUTE, PUNCH» TID=C.

REWIND»>FILEL.

COMMENT o sk faokdof ko dodobobk f g bk ok ko e ook % %

COMMERN *

COMME #  DATA ON FILE P UNCH

COM ¥  REQUEST CARDS FROM CENTRAL SITE

£ o ®

COMMENT . ook ko okt dobdok dokdodokookokd o deokof sk ok ok

COMMENT . * These comments are inserted to the job
COMMENT. % CONTINUE ANALYSIS OF DATA dayfile.
COMMENT . *  FROM FILE1

COMMENT o ¥

COMMENT, ¥t sidhkdekhobdhhokhk bk diohhbd kkokdodehkd

o ¥

«5DATA, CARDC
USE GEUDATA OF GEOSCHEMA{ID=1723,PW=LET)
REWIND,FILEL

QUERY UPDATE directives for the choice of data-
groups in limits FRCM and TO. Character-string
DATA is replaced by its parameter value at the

F e

SEP ITEM-SIZE

IFf DATE GE FROM AND DATE LE TN +

DISPLAY UPON FILEL INSTFUMENT=NN STATION-NO +
JULDAT DATE DATA_{ALL}

LIST:

«PROC,LISTsDATA» FROM,TO.
BEGIN,COPTAP,QUPCC.
RETURN,QUPCC .

QU I=ANREP,>RO.
RETURN,QUTPUT.

COPYBE, INVENTORY o

o K

«HDATA» ANREP

USE GEODATA OF GEOSCHEMA{ID=1723sPW=LET)
REWINDs FILEL

e

Procedure

IF DATE GE FROM AND DATE LE TO +
EXTRACT UPON FILEL INSTRUMENT=NO JULDAT DATE
STATION=ND DATA_ (ALL)

o ¥

FORMAT INVENTORY

DETAIL IS INSTRUMENT=MO IN COLUMN 2 IS
STATION=NO IN COLUMN 9 IS +

JULDAT IN COLUMN 20 IS +

DATE IN COLUMN 30 IS +
DATA_{1) IN COLUMN 40
DATA_{2) IN COLUMN &7
DATA_(3) IN COLUHNN 54
DATA_{4] IN COLUMN
DATA_{5) IN COLUNMN
DATA_(6) IN COLUHN
DATA_{7) IN COLUMN
DATA_(8) IN COLUMN IS
DATA_{S) IN COLUMN 15 +
DATA_(10) IN COLUMN 104 IS +
DATA_{11} IN COLUMN 111 IS +
DATA_(12) IN COLUMN 118

TITLE AT LINE 2 IS =+

SINVENTORY OF DATA RANGE DATE FRCM
COLUMN 20 +

LINE 3 IS & & +

LINE & IS SINSTRUMENTS IN COLUMN 1 +
SSTATIONS IN COLUMN 8 +
SJULDATS IN CCLUMN 20 +
SDATES IN COLUMN 31 +
STIDES—_DATA 12 WERTES IN
LINE 5 IS & %

PAGE-SIZE IS 40 LINES 130 COLUMNS
PAGE-NUMBER AT TITLE~LINE COLUMN 113
DATE AT LINE 2 COLUMN 94

TINE AT LINE 3 COLUMN 9%

o ¥

PREPARE INVENTORY #FROM FILE1

IS

Is
1s
IS
Is
Is
Is
IS

R U s

COLUMN 40 +

DATE TO

-/

time of call by a BEGIN-statement.

o Description of COPTAP see Fig. 3.

o - QUERY UPDATE directive; input expected
from file ANREP, output (control listing
of directives and system responses) will
be written to the £file SCR, normally not
of further use.

- Content of file ANREP is defined by a
-DATA - directive.

+ Character-String DATA will be substituted

everywhere it is not protected by a -sign.
e Depending on key "DATE" elements available
in the base are extracted upon FILEIL.

KDefinition of a Report named INVENTORY. By
the same name a local file is established
on which the Report-output is listed after
calling the PREPARE directive.

Directives DETAIL, TITLE, PAGE-SIZE etc.
define the overall structure of the report.

5 ¢

Report INVENTORY is prepared from the
content of file FILEIL.

Control of job is returned to the calling
procedure; the COPYBF,INVENTORY.-statement
for listing output on a line printer.
interactive work at a video-terminal,
can be listed on the screen.

outpub

Fig. 3: Procedures Listing (continued)
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PROGRAM QUP (INPUTsOUTPUT» TAPE22,TAPE30)
DIMENSION I(lo)
CALL REMARK(15HQUP FROM IAPE22)

C
.C
C OATA ELEMENTS ARE FILLED WITH LEANING ZEROS
C TO CIRCUMVENT BLANKS DURING INPUT FOR THE
C QUERY UPDATE SYSTEM
o
C
REWIND 22
REWIND 30

1 READ(22:20) (I(K)sK=1516)
IF(EQF (22))10052
20 FORMAT(2I4915:1751215)
2 CONTINUE
DO 23 L=1y16
IFCI(L) oEQe0) I(L) =20
23 CONTINUE
WRITE(30,21) (I(K)sK=1s10]
21 FORMAT(21404915:5917791415.5)
GOTO 1
100 REWIND 30
CALL REMARK(15HQUP UPON TAPE30)
STOP
£ND

Fig. 4: Auxiliaxy Program QUP (used in proc. QUPRE, see Fig. 3)

Use of magnetic tapes (9-track) is supported, only.

Control of INSERT and UPDATE is established by procedures
IN1, UP1, UP2, and UP3.

Functions of procedures in detail:

a) IN1: Input of theoretical tides (vertical comp.) is
requested. Values for elements STATION-NO, DATE,
and JULDAT are assigned. For each UPDATE requested
lateron, at least DATE must be defined.

b) UP1: Input of ANALOG-recorded values is requested.
Additionally, INSTRUMENT-NO is assigned.

c) UP2: Input of DIGITAL-recorded values is requested.
d) UP3: Input of AIR-PRESSURE is requested.

Job—-Structure:
Job...,CM100000,T300,I0500,NT1.

VSN,NT=1075. RING
ATTACH,QUPCC,ID=1723,PW=LET.
BEGIN, proc,QUPCC. use appropriate name for
E -0 -5 parameter proc.
data IN1, UP1, UP2, or UP3.
E -0 - F

Listing of input-data will not occur! Control by separately running
procedure LIST (rcport INVENTORY) .

Fig. 5: Usex—Manual
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User Manual (continued)

Extracts of Data-Groups on Punched Cards or Local Files

Procedure CARDS generates selective extracts from GEODATA
on Punched-Cards or preparing a local file for further use
in an analysis program.

Job-Structure:

Job...,CM100000,T300,I0300,NT1.
VSN, NT=1075. NORING
ATTACH,QUPCC,ID=1723,PW=LET.
BEGIN,CARDS,QUPCC,data, from,to.

@

E-O0~-F

t went, statements for
can be inserted. The data re-
r 1 i intern

After the BEGIN
further job pr
quested reside or

n ’;4
ENRONESy]
e
=N
n

M Q-

14
roOCe
L

ational format.

e
e

m ey inla
Trom G.p\}

Job-Structure:

78 N N

THEORY, ANALOG, DIGITAL,
AIR-PRESSURE

of time-interval requested.
are listed. The format of this
al with the format of Grego-
upon with tide-recordings:

2 (identifying half-days)
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TUB NOS/BE l.2 L&4&7 F
09.55.42.A17235A FROM

09.55.42.1IP 00000192 WORDS = FILE INPUT » DC 0¢
09:55.45.A1723,PW=%%,CM110000,T300,10300sNT1,FC=)

09055045.E50

09+55.46

09:55.46, VSN, NT=21075, %% OHNE RINGw®&=
09:55.%6,

09:.55046.

09.55.465

09655046 ATTACH, QUPCCo ID=1T723, PUr¥——=m,
096550.46.PFN IS

09.55.46.QUPCC

09.55.46.PF CYCLE NO. = 001
09:55.47-BEGIN,UP3,QUPLC
09.55.49.BEGIN,QUPRE»QUPCCo
06.55050.LABELsNT,RsL=GECDATA> D=PE,RING,
09.56041o{ NT 052 ASSIGNED)
09.56041.NT752 VOLUME SERTIAL NUMBER IS 00L075
09.56.43, LABEL READ WAS GEODATA
09.56043- EDITION NUMBER 00
09:560%43, RETENTION CYCLE 999
09.560.43¢ CREATION DATE 78139
09.56+43- REEL NUMBER 0001
09.56.43.COPYSFs>NT>GEODATA,
10.00e52,REWIND,GEGUAT A,

10.00.53.ATTACH> ASLIB, PERMFILELT23ASTROLIB,1ID0=17

10:00.53+3sMR=21,

£0.00.5%.PF CYCLE NO. = 001
10.00.55.LIBRARY,ASLIB.
10.01.03.C0PYBR, INPUT» TAPE22,
10.01.12-REUINDy TAPE22Z .
10.01.13.0UP.

10.01.35. CH LWA+1l = 232608, LOADER USED 37300

10.01.35.QUP FROM TAPEZ22

10.01.36.0UP AUF TAPE3O

100136 stoe

10.01.36-COPYBFs TAPE3OsKARTEN,
10.01.38.RETURN, TAPE22,TAPE3O,
10,0146 REWIND, KARTEN.

10,0149 FILEsKARTEN,RY=Z,
10.01.52.REQUEST,QUJ,*Qo
10.02.00.CQPYBR,QUCC,QUJ-

10,02.02,EQ] ENCOUNTERED IMMEDIATELY BY COPYBR
10.02.02.QU» I=QUIND,T=QUF.
10.03614.SKIPB,QUF,
10,03.16.COPYSR,QUF,QUJS

10,0317, REWIND,KARTEN
10.03.18.COPYBF,KARTEN,QUJ,
10.03.19.ROUTE,QUI,DC=IN,TID=C»rST=TUBo
10.03.20¢

10.03.20,
10.,03,20.RETURN, KARTEN, QUIND> QUF,QUCO,
10.03.21.ROUTE,QUTPUT,DC=SC,

10.03.21. ROUTED ALl7235A
10.03,22.REVERT.LCL
10.03.23.,BEGIN,SAVE,QUPCC,

10,0330, REWIND,NT,GEODATA.
10.03.33.COPY8F,GEQDATASNT.
10.03.37.TAPE [/0 ERRQOR

10.03.27. UNIT 52 TYPE 669

10.03.37. FILE NAME NTY

16.03.37. FET ADDRESS 000615

10.03.37.5HOULD WRITING BE ALLOWED ON UNEXPIRED TAPE

10.04.07YESS

10,069.37.UNLOAD,NT,

10.09.39.NT52 BLOCKS WRITTEN -000706
10,090 &Qo dk sk doddodoh g ot dak Rk bkl kgl
10,09.40. *

10.09.40. * CONTROL OF DATA
10,09.40, * BY REPORT

10.09.40. % PROCED., L I S T
10.09.40. *

100940, ¥ avd ke d gk 4 sk o dedede Rk o
10.09.4%0.,REVERT.CCL
10.09.53.REVERT.CCL
10.09.56.ROUTE-TQUTPUT,DC=LS,TID=Co

Fig.. 6: Example Job Dayfile for Update-Run

20703779

%o Name the magnetic tape, on which

the data~base resides.
This perxmanent file contains all
procedures that are callable by
a BEGIN,... statement.

Procedures are described in Fig.

3.
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TUB NOS/BE l.2 L4eet? F 20/0377
08.56.05.4172315 FROM
08.58,05.IP 00000128 WORDS ~ FILE INPUT » DO 04
08.58,060A1723,PH=%%;CMLO0000»T300,10500,NT1,FC=Y
08.58.,06.E5.
08.568.0065
08.58.06,¥SNsNT=1075, F¥¥ OHNE RINGwk*x
08.58.06.ATTACHsQUPCC» ID=1723sPUzkmmm%k,
08.58.06.PFN IS
08.58.06.0UPCC
08.58.06.PF CYCLE NO. = 001
08553e07 8EGIN;CARDS»QUPCC, THEORIE,T7803010,780402

IN,COPTAP, QUPCCo
BEL:NT»R,L=GEQODATAsD=PEsNORING.

’T 052 ASSIGNED)

7 VOLUME SERIAL NUMBER IS 001075
LBEL READ WAS GEDDATA

EDITION NUMBER an

REYENTION CYCLE 999

CREATION DATE 78139

RE NUMBER 0001

[l
A=)
[l el

=
et
™ O

BLOCKS READ 000706

g EODATA.
08 cL
e s FILEL»*Q
0B8.58.41- ILEL,RT=Z58T=Ce
08:58.41. ARDC>RU»,0=5CRe
08.58.50-R s QUPCC» CARDC,
08.58.50.R s FILEL.
08.58.50.CO0PYSBF>FILEL.
058.58.,50.REWIND,FILEL,
08:58.50.COPYBF,FILELs PUNCH,
0B.58.50.E01 ENCOUNTERED AFTER COPY OF FILE
08.58:50¢ 0, RECORD 1
05.58.50.ROUTE,PUNCH,» TID=Co

08.52.50.,0P 00000704 WORDS — FILE PUNCH s DC 10
56.58.50, ROUTED A172315

08.58.51.REVIND, FILELs

DB o580 510 ok ioimssdtdhdiordobiol kool kbl bbb kb k
08.58,51. %

08.58.51, ¥ OATA ON FILE P U NCH

08.58.51. % REQUEST CARDS FROM CENTRAL SITE
08,58.51e % ‘

5

08,5851, tsedresstihphkeerhsbdibihbbbbstheibbhbbs
08.58.51, *
05.58,51L. % CONTINUE ANALYSIS OF DATA~

8.,568.51. % FROM F I L E L
08.586510 *

0B.58.51, thtsehtrddibhitibfdlbtbstsbebdbdbetes
08.58.51.REVERT.CCL

08.58.51.0P 00001728 WORDS = FILE QUTPUT » DC &0

08.58:526HS 7168 WORDS ¢ 129024 MAX USED)
08.58.52.CPA 5,632 SEC. 2.816 ADJ.
08.58:52.CPB 0959 SEC. «479 ADJ.
08,56.%2.10 12.239 SEC. 4,895 ADJ.
08:s58¢52.CH 2166379 KHWS, 3,461 ADJ.
08658452458 ' 11.65%

08058.52.PP 38.391 SEC. DATE 04704779

08058.52.E4 END OF JOB» ¥%

Fig. 6: (continued) Dayfile of CARDS— Job
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