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differing only by the station constant (the bracketted
term) from the rough expression (13). We have to
bear in mind that sign (I,) = sign (Atg,) in using Eq.
(21) to determine I,. Formulae (21) and (12) should
be employed together with the formulae of the Fresnel
characteristics theory in establishing the radiant
position. But to work this theory requires the cosine
of the zenith distance of the radiant, cos zgz, to be
known. Therefore, we first have to determine cos zz
from the classical theory embodied by Kashcheev
et al. (1967) formula. We can then evaluate cos zg
using our formulae with the deceleration parameters
of the meteoroid determined from Pecina’s theory
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prescribed accuracy of parameters in question is
reached.

We can conclude that we have derived the formulae
enabling the position of the radiant of decelerating
meteoroid to be determined.
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ATMOC®EPHOE BO3BYXJIEHUE BPAIIEHWSI 3EMJI: CPABHEHUE CIIEKTPOB
JUIAHBI CYTOK U OCEBOY COCTABJISIIONIEN ®VHKIIIM MOMEHTA
KOJIMYECTBA ABIMKEHWS ATMOC®EPHL

B craTee moKa3aHO, YTO HaOimoqaeMeie H3MEHSHHS IUIMHBI CYTOK MOXHO mis mepronoB ot 10 mo 180 cyrox
IIOJIHOCTBIO OOBACHATH KOMOMHAPOBAHHEIM BO3IEHCTBAIEM IepepacIpeieliCHnsi MOMEHTA KOJIMIeCTBA ABAKE-
Hust Mexy 3emuteit m ee armocdepoit, u mprmMBHLIX Aedopmarmit duryps! 3emima. HalieHo 3HaYeHre MIKATh-
HOTO hakTOpa MPIIMBHEIX BiusEmi k/C = 0,945 + 0,021. Manble HECOOTBETCTBHSA MEXAY HAOIIOMAeMBIME
¥ BO30YXIEHHHIMA aMIUTATYJAME OCHOBHBIX IIOJIyTOJOBHIX M TOHOBBIX WICHOB MOIYT OBITH, ¢ GOIBmION
BEPOSITHOCTHIO, BEI3BAHBI BIMSAHHEM 30HAJBHBIX BETPOB B crpaTtocdepe, KOTOPHIMHA OOBIMHO mpeHeOperaroT
OpH BEMECICHEAR MOMEHTOB KOIMIecTBa IBIKEHEHS aTMochepsl. C APYrofl CTOpOHBI, HOITONEPHOIAYECKAE
CoCTaBJIsiIoNIAe B JyIuHE CYTOK (¢ mepuomamd 2,4 roga u 6,0 rona) He MOTYT OBITh OOBSCHEHHI HA OJAM H3
060HX paccMaTpPABAEMBIX BIHSHUM.

It is shown that the fluctuations observed in length-of-day, for periods from 10 to 180 days, can be fully
explained by the combined effect of the redistribution of angular momentum between the Earth and its
atmosphere, and tidal deformations of the Earth’s body. The tidal effect scaling factor k/C is found to be
equal to 0-945 4 0-021. The small discrepancies between the observed and excited amplitudes of the dominat-
ing semi-annual and annual terms can very probably be caused by the influence of zonal stratospheric winds,
neglected in the routinely calculated atmospheric angular momentum functions. On the other hand, the
observed long-periodic components in the length-of-day (with periods of 2-4 y and 60 y) cannot be explained
by any of the two discussed influences.
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1. Introduction

It has become a well-known fact that the exchange
of angular momentum between the atmosphere and
solid Earth plays a dominant role in the changes
of Earth rotation parameters (polar motion, length-of-
day). The earlier results and theoretical considerations
of the problem can be found e.g. in two principal
monographs, devoted to the rotation of the Earth,
by Munk and MacDonald (1960) and by Lambeck
(1980). Many papers have since been devoted to the
problem. The seasonal variations (annual, semi-
annual) in the length-of-day (LOD) were proved
to be caused mainly by the combined effect of the
atmosphere and tides — see, e.g., Lambeck and
Cazenave (1973, 1974, 1977), Sidorenkov (1973
and 1979) Rosen and Salstein (1983) or Eubanks et al.
(1985). Feissel and Nitschelm (1985) proved that the
recently found short-peripdic fluctuations (with periods
between 50 and 70 days) in LOD are closely correlated
to the variations in the axial component of the relative
angular momentum of the atmosphere within the same
frequency band. Djurovi¢ and Paquet (1988) showed
that the origin of these fluctuations lies very probably
in physical processes in the Sun. A recent overview
of the problem and discussion of the prospects was
presented by Dickey and Eubanks (1987). The “effec-
tive angular momentum functions” (EAMF) of the
atmosphere, proposed by Barnes et al. (1983), have
been accepted worldwide and are now routinely
calculated by several meteorological centers daily, and
after 1984 even twice daily. On the other hand, the
measured Earth rotation parameters are known,
thanks to modern techniques of observation, with
ever increasing precision. This enables these data to be
used for detailed analysis in order to estimate to
what extent the LOD changes are caused by the atmo-
sphere and which part is left to other influences.
In the following, we shall first compare the spectra
of the observed LOD changes and atmospheric
EAMF, and then try to find a simple functional
relation between the observed LOD, on the one hand,
and atmospheric EAMF and zonal luni-solar tides,
on the other.

2. The Input Data Sets and their Spectral
Analysis

The following data sets have been used for the
subsequent spectral analysis, in the interval 19765 to
1986-0:

a) The observed rate of the Earth’s rotation was
represented by the series of raw 5-day values of
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UT1-TAI (i.e. the difference between the rotational
and atomic time scale) as derived by the Bureau
International de ’'Heure in Paris from the combination
of all available observations, both from optical
astrometry and modern space techniques (BIH
1976 —1985, Tab. 6). The numerical differentiation
of this time series has further been used to derive
the corresponding values of the length-of-day excess
over its nominal value (86 400 sec) in seconds of time:

(1) LOD = —4(UT1 — TAI)/ot,

where the time derivative on the rhs is reckoned in
seconds per day. Since we are mainly interested in
periods of less than several years, namely this last
data set was used instead of the original UT1 — TAI
values (differentiation of a time series amplifies the
amplitudes of its short-periodic part while suppressing
its long-term changes).

b) The axial component of the effective angular
momentum function (EAMF) of the atmosphere,
introduced by Barnes et al. (1983), is a dimensionless
quantity; its so-called pressure term is

. 4
(2) X = 0 72R Jps cos® ¢ do dA.
glm S

It expresses the influence of the redistribution of air
mass on the principal moment of inertia of the whole
Earth. The axial component of the wind term

. 3
@ =l Zog J u cos? ¢ do dA dp
g m JV

expresses the relative angular momentum of the
atmosphere (with respect to the rotating solid body
of the Earth). The subscript S denotes integration
over the whole surface of the Earth and V over the
volume of the atmosphere, ¢, A and p geographical
latitude, longitude and air pressure, respectively.
The symbol p, denotes atmospheric surface pressure
(not reduced to mean sea level), u is the eastward
component of the wind velocity. R = 6370 km is
the mean Earth’s radius, C, = 7-04 x 10*” kg m?
is the axial moment of inertia of the Earth’s mantle
(the core being considered decoupled from the mantle),
g = 9-81 ms~2 is the average gravitational accelera-
tion at the Earth’s surface and Q = 6-3004 rad/day
denotes the mean rotational velocity of the Earth.
The pressure term is also calculated with the so-called
“inverted barometer” (IB) correction; the reaction
of the ocean to the air pressure changes is supposed
to compensate these changes in such a manner that
the total atmospheric and ocean effect is constant
over the whole surface of each ocean. The EAMF
as calculated by the U.S. National Meteorological
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Fig. 1. The excess of length-of-day over the nominal 86 400 sec, calculated from the BIH combined solution. The raw data
UT 1 — TAI have been used.
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Fig. 2. The axial component of the pressure term of the atmospheric EAMF with the IB correction as determined by the NMC.

Center (NMC) and provided by courtesy of F. W.
Fallon (1986) of the National Geodetic Survey and
D. Gambis (1988) of the Central Bureau of the IERS
has been used.

The data sets are graphically displayed, in the time
domain, in Figs 1—4. Figure 1 shows the excess
of the LOD over the nominal 86 400 sec; its complex
periodic character is mainly due to the combined
effects of the atmosphere with the variations caused
by the zonal tides of the Earth (Yoder et al. 1981).
In order not to suppress the short-periodic tidal
variations (with dominating fortnightly and monthly
terms), in differentiating the original UT1 — TAI
data, the theoretical tides in UT1 with periods shorter
than 35 days (i.e. the first 41 terms of Yoder’s list)
were first removed from UT1 — TAIL These values
were then differentiated with respect to time, and only
then were the tides in LOD added to obtain the final
LOD data set. The scaling factor k/C = 094, re-
commended by Yoder et al. (1981), has been used

107

to account for the elasticity of the mantle and the
effect of the ocean. Since there is no substantial
difference (save for a small constant shift) between
x5 and x5 (pressure term without and with the IB
correction, respectively), only x5 is illustrated in
Fig. 2. Notice the sudden jump of about 0-136 x
x 1077 in the May 1986 data, due to the change
in the forecast model used by the NMC (Salstein
1987). It can be seen that this term does not contribute
very much to the total effect, if compared with the
wind term in Fig. 3 and the combination of both
(x?’ + % ) in Fig. 4, where the discontinuity mentioned
above is less obvious.

The spectral analysis of these data sets (from which
the jump in the pressure term has been removed)
was carried out using two different methods, in order
to estimate which periods are real, and to what
extent and at which frequencies the LOD is influenced
by the atmosphere. Since the data were sampled at
5-day intervals, only periods longer than 25 days
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Fig. 3. The axial component of the wind term of the atmospheric EAMF as determined by the NMC.

Publishing House of the Czechoslovak Academy of Sciences * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1989BAICz..40..382P

BAITZ 740 Z382P0

&,
o

(o]

Vol. 40 (1989), No. 6

10 x
%3
%2
144

385

%o 20 x)

139 1 1 1 1 1 1 1 1 1 1 |
976 1977 18978 1978 1988 1881 1982 1983 1984 1985 1986 1987

Fig. 4. The axial component of the sum of the pressure and wind terms of the atmospheric EAMF as determined by the NMC.
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Fig. 5. The spectrum of the observed LOD calculated by the FFT.
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Fig. 6. The spectrum of the observed LOD with tidal variations removed, calculated by the FFT.
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were considered — the spectrum would be distorted
for shorter periods:

i) The Fast Fourier transform (FFT), which is
known to produce sidelobes, placed symmetrically
at both sides of any dominant peak of the spectrum.
The sidelobes necessarily have a slight effect on the
neighbouring peaks.

ii) The much slower method of least squares
(MLS), by which we derived the amplitude and
phase of the sinusoidal wave whose period was
changed stepwise over a given range of periods.
Since a simple relation between LOD and y; should

Vol. 40 (1989), No. 6

theoretically exist (Barnes et al 1983),
4) LOD = g3 + constant,

both spectra are directly comparable.

2.1 FFT Spectra Analysis

The amplitude spectra obtained with the FFT
technique are plotted in Figs 5—8, in which the
horizontal scale is logarithmic (period in years) and
the vertical in seconds of time. Figure 5 shows the

-1.
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Fig. 7. The spectrum of the axial component of the wind term of the atmospheric EAMF, calculated by the FFT.
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Fig. 8. The spectrum of the axial component of the sum of the pressure and wind terms of the atmospheric EAMF, calculated
by the FFT.
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spectrum of the observed LOD changes. Far to the
left there is a large peak of the monthly term, evidently
of tidal origin. Dominant are semi-annual and annual
terms, and also two terms of longer periods, equal
to 2 years and 2-7 years. A similar pattern can be
seen in Fig. 6, where the theoretical tides with k/C =
= 0-94, after Yoder et al. (1981), have been removed.
The monthly term has disappeared and the amplitudes
of the two dominating terms are slightly reduced.
The remaining fine structure of the spectrum is nearly
identical with Fig. 5, because there is practically
no significant tidal term with a period between one
month and half a year, and also between 1 y and 18-6 y.
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The spectrum of the wind term is displayed in Fig. 7.
It is very similar to the spectrum of LOD without the
tidal terms (compare Figs 6 and 7), especially for
periods shorter than half a year. Nevertheless, there
are differences in the two most pronounced terms —
the amplitude of the semi-annual term is slightly
smaller, and the amplitude of the annual term is
larger than the observed value. The pattern improves
if the pressure term is added; the amplitude of the
semi-annual term remains practically the same,
but the amplitude of the annual term is smaller,
thus coming closer to the observed value (Fig. 8).
Substantially diminished are the long-periodic terms.
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Fig. 9a. The spectrum of the observed LOD, calculated by the method of least squares, with resolution in period of 1d.
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Fig. 9b. Short-periodic part of the LOD spectrum, calculated by the method of least squares, with resolution in period of 0-25 d.
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2.2 MLS Spectral Analysis

The results of the spectral analysis, carried out
with the least-squares method, are graphically dis-
played in Figs 9—11. Figures 9a and 9b show the
spectrum of the observed LOD; Fig. 9a the spectrum
in the whole period range, i.e. from 25 days to 2-5
years, with a period resolution of 1 day, and Fig. 9b
the spectrum with a finer resolution (0-25 days) for
the shorter period range (from 25 days to 150 days),
on an enlarged vertical scale. The spectrum is quite
similar to the FFT (LOD) spectrum in Fig. 5, but
for the annual peak (which is a little higher here)

050005
MLS (LOD - tide)
0.0004 ~

0.0003 — \

0.0002 —

0.0001

Vol. 40 (1989), No. 6

and for the long-periodic part (that is almost com-
pletely missing). Nearly the same situation as in the
case of FFT can be seen in Figs 10a and 10b, in which
the tides have been removed — the amplitudes of
both the semi-annual and annual terms are a little bit
smaller and the monthly term has almost completely
disappeared. The analysis of the wind term of the
EAMF alone is not shown here simply because
there is no substantial difference between it and the
combination of wind and pressure terms, depicted
in Figs 11a and 11b. If these two spectra are compared
with those of Figs 10a and 10b, we can see that they
are very similar. There are again some differences

s et
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Fig. 10a. The same as Fig. 9a, with tidal variations removed.
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Fig. 10b. The same as Fig. 9b, with tidal variations removed.
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in the amplitudes of semi-annual and annual terms
(the observed amplitude of semi-annual term is larger
than the amplitude expected due to atmospheric
excitation, while the observed amplitude of the
annual term is smaller), but the spectra are sur-
prisingly identical for periods shorter than 150 days
(compare Figs 10b and 11b).

In comparing the FFT and MLS spectra, one can
see that the FFT method highly exagerates the ampli-
tudes of the long-periodic terms with respect to MLS.
These terms, if they really exist, are probably much
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smaller and their atmospheric origin is doubtful.
On the other hand, both methods reliably disclose
a high number of periodic terms not only in the well-
known range between 50 and 70 days, but also for
longer periods. An overview of all the periods detected
is given in Tab. 1. The periods in days, given in the
first column of the table, are average values obtained
of all the four analyses, as displayed in Figs 6, 8, 10
and 11. Except for the most significant annual and
semi-annual terms, 22 terms have been detected.
All of them are present both in the FFT and MLS
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Fig. 11a. The spectrum of the axial component of the atmospheric EAMF, calculated by the method of least squares, with resolu-
tion in period of 1d.
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Fig. 11b. The spectrum of the axial component of the atmospheric EAMF, calculated by the method of least squares, with
A resolution in period of 0-25 d.
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Table 1

Periodic terms up to 1 year found by spectral analysis in LOD
and axial atmospheric EAMF

i Amplitude
Period
in days FFT MLS
LOD EAMF LOD EAMF
34-1 0-000038  0-000038  0-000030  0-000027
384 50 50 40 27
44-4 43 44 41 34
47-0 45 28 32 23
487 54 54 36 43
51-0 43 33 31 39
52-8 44 35 32 32
54-8 43 43 43 44
582 48 49 27 17
66-6 57 57 35 26
70-0 54 55 31 39
739 36 38 29 37
78-:0 36 33 28 26
83-8 67 67 35 32
86-3 47 43 25 29
90-6 54 54 24 30
100-2 34 41 34 37
114-2 41 43 34 38
120-2 45 46 61 61
125-8 55 57 — —
141-8 90 89 60 58
149-3 87 87 52 44
182-6 293 246 306 246
3652 328 363 375 412

analyses, save for the term with the period equal
to 125-8 days, which is present only in FFT analysis.
This term is very probably an artefact due to the
leakage of sidelobes from the dominant terms. A sur-
prisingly excellent agreement between the observed
amplitudes (headed as LOD) and amplitudes ex-
pected due to atmospheric excitation (headed as
EAMTF) for periods between 30 and 150 days witness

that, for this part of the spectrum, all the observed

variations in the rotational rate of the Earth can be
ascribed to atmospheric excitation. None of this is
changed by the obvious fact that the MLS analysis
tends to yield systematically smaller amplitudes (both
for LOD and EAMF) than FFT. The situation is not
that clear with the dominating semi-annual and
annual terms. It is very probable that the discrepancies
here are mainly due to the higher layers of the atmo-
sphere neglected in the NMC data. The wind term
is not in fact calculated for the whole volume of the
atmosphere, as it should be, but rather only up to the
pressure level of 50 mbars, as discussed by Rosen
and Salstein (1985). In analysing the contribution
of stratospheric winds on the interval 1980—1981

Vol. 40 (1989), No. 6

they found that the annual component in the strato-
sphere is approximately 180° out of phase with that in
the troposphere, while for the semi-annual component
they are roughly in phase. Thus the stratosphere acts
to decrease the amplitude of the annual component
by about 0-060 msec and to increase the amplitude of
the semiannual component by about 0-047 msec. These
numbers can almost fully explain the difference
between atmospheric excitation and the observed
LOD changes in Tab. 1. Other possible sources of
excitation at these two frequencies could be ground-
water storage changes (but these are very small),
sea-level changes or ocean currents (which are not
sufficiently well known) — for a detailed discussion
refer to (Lambeck, 1980).

3. Atmosphere and Tides versus LOD

Now it is clear that the variations in LOD are,
at least at high frequencies (i.e. higher than 1 cpy),
mostly driven by the combination of tidal deforma-
tions of the Earth’s body and the redistribution
of angular momentum between the solid Earth and
its armosphere. The scaling factors for both effects
are certain functions of some of the parameters,
characterizing the real Earth. To begin with the tides,
the scaling factor which is used to multiply theoretical
amplitudes after Yoder et al. (1981) is equal to k/C,
where k is the elastic Love number of the Earth and
C is the dimensionless polar moment of its mantle’s
inertia. As for the axial component of the atmospheric
EAMF, the scaling factor is multiplied by 1 + k' for
the pressure term and 1 for the wind term, where k' isthe
load Love number; they both also depend on certain
constants preceding the integrals in Eqgs (2) and (3).
So far we have used the values k/C = 094, 1 + k' =
= 0-70. In the following, we shall determine new
values of the scaling factors, using the time series
of LOD and EAMF studied above. Namely, we
shall try to fit the LOD, expressed in terms of tidal
and atmospheric excitation as

(5) LOD, =a + bt + ct® + d(xs — %0) + e(tide)

to the observed values LOD,. The unknown coef-
ficients @ — e can be derived by the method of least
squares to satisfy the condition

(6) (LOD, — LOD,)? = minimum .

Coefficients a — c are meant to express the approxima-
tion of the decade fluctuations of LOD in the interval
studied, while d and e are the scaling factors we are
looking for. ¢ denotes the time in Julian years elapsed
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Fig. 12. Tidal variations in LOD with scaling factor k/C = 0-945. Only the terms with periods less than 8 y have been considered.

since MJD = 450615, i.e. t = (MJD — 45061-5) |
[ 36525 and y, is the mean value which is removed
from the atmospheric EAMF beforesolving,i.e. y, =
= 14149 x 1077. In order to convert the EAMF
values to LOD changes in seconds of time, they must
be multiplied by 86 400. Since the interval studied
is too short to enable the analysis of very long-
periodic tidal variations, only the first 59 terms of
Yoder’s list have been used to calculate the tide
in eq. (5); the last three terms with periods longer
than 8 years have been omitted. The tidal variations
in LOD derived from the 59 terms are depicted, for
the interval in question, in Fig. 12. It can be seen
that especially the short-periodic terms towards the
end of the interval have very large amplitudes —
these are caused by the interference of the two large
fortnightly terms with arguments 2F + Q and 2F +
+ 2Q (and with close periods of 13:63 and 13-66
days, respectively) which were in phase in November
1987. The observed values of LOD used for this
analysis are based on the latest BIH combined solu-
tion ERP(BIH) 87 C 02 (Feissel and Guinot 1988),
in the interval 1976-5—1988-0. In order to investigate
the possible influence of the adjusted tidal scaling
factor e on the value k/C actually used to calculate
LOD, from the observed UT1 — TAI values (see
Section 2), the whole solution was repeated several
times, with different values of k/C used to derive
LOD,. The results are graphically displayed in Fig. 13,
in which the solid line shows the dependence of e
on k/C and the dashed line is given by the equation

e = k[C. The intersection of both lines determines
the most probable value of the adjusted coefficient e,
i.e. e = 0:945. Namely this value was then used for
k/C in calculating LOD from the observed values
UT1 — TAI in the final solution. The adjusted
values of the unknowns a — e are shown, together

]

0.0 1
0.0 0.5 1.0 k[t
Fig. 13. The dependence of the adjusted tidal scaling factor e

on its value used to calculate LOD from the UT 1—TAI
values.

with their mean errors, in Tab. 2. The coefficients
of correlation between the individual adjusted values,
also displayed in the table, are evidence that there is
no dangerous correlation in the system of normal
equations. This especially holds for the unknowns d
and e determined practically independently of one
another (the corresponding coefficient of correlation

Table 2

Adjusted values of the unknowns approximating the best fit of LOD changes by the combination of atmospheric exciation and
zonal tides after eq. (5)

Unknown Adj. value Mean error

Coefficients of correlation

a b c d e
a 0-002152 +0-000011 1-00
b —0-0001589 +0-0000022 0:00 1-00
c —0-00000472  +0-00000072 —0-75 0-00 1-00
d 0-943 40018 0-04 0-06 —0-05 1:00
e 0-945 +0-021 0-00 0-00 000 —006 1-00
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Fig. 14. LOD changes, calculated from the atmospheric excitation and tidal effects using eq. (5).
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Fig. 15. The differences between the observed (Fig. 1) and calculated (Fig. 14) LOD.

being equal to only —0-06). Fig. 14 shows the resulting
LOD, changes, calculated using formula (5) and the
numerical values from Tab. 2. It is obvious that the
curve is nearly identical with the curve displaying
the observed values LOD, (compare with Fig. 1);
the difference between LOD, and LOD, is plotted
in Fig. 15. It clearly demonstrates the gradual im-
provement of the fit, especially after 1983, when the
new space techniques started to dominate in the
observed Earth rotation parameters. The UT 1
component, based until 1978 uniquely on optical
astrometry, was also observed by lunar laser ranging

s
0.00020-

0.00018 A
0.00016

FFT(LOD,- LOD.)

0.00014
0.00012 A
D.28210 -
0.00008-
?.00R06-
0.00004 -
0000202

after this date, and after 1982 it was VLBI that
gradually attained higher and higher relative weight.
The average root-mean-square difference between
the two LOD representations, calculated over the
whole interval studied, is equal to +0-00021 sec.
The spectral analysis of the residuals from Fig. 15,
carried out by the FFT method, is shown in Fig. 16.
Clearly visible are the semi-annual and annual peaks
most probably caused by the neglected stratospheric
winds (see also the discussion at the end of Section 2).
The other two dominant peaks at periods of 2:4y and
6-0y are evidently of an origin different than the atmos-

0.00020-

-4 -12 -8 -08 -06 V4 02 08 02 04 @6 @8 logP

Fig. 16. FFT spectrum of the differences between the observed and calculated LOD.
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pheric or zonal luni-solar tides. The spectrum for periods
shorter than 0-5y clearly demonstrates the obvious
fact that the rotation of the Earth at these frequencies
can be fully explained by the combined effect of the
atmosphere and Earth tides; no additional per-
turbation wave in the range between 13-5 d and 13-8d,
found by Capitaine and Guinot (1983), can be seen
in the spectrum.

4. Concluding Remarks

The present study shows that there is practically no
additional excitation to the atmosphere and tides for
periods of less than 180 days; the spectrum in Fig. 15
depicts only noise in this frequency range. The small
discrepancies in amplitudes of the semi-annual and
annual components can very probably be ascribed
to stratospheric winds, neglected in the NMC analysis,
but this would call for a more detailed investigation,
based on data covering an interval longer than the
two-year interval used by Rosen and Salstein (1985).
On the other hand, there exist variations of longer
period in LOD (with periods 2-4y and 60y and
amplitudes 0-10 msec and 0-14 msec respectively)
which can be explained neither by the atmosphere,
nor by the Earth tides. Here, not unlike in the case
of the well-known decade fluctuations, another
source of excitation must be present. The scaling
factor found for the influence of the atmosphere
(0943 4 0-018) seems to show that the constants
preceding the integrals in Eqs (2) and (3) should
be a little smaller than used by the NMC (compare
this number with the scaling factor of 0-993 obtained
theoretically by Vondrédk 1987). On the other hand,
it is certain that the adjusted value of the atmospheric
scaling factor depends on the amplitudes of the
dominating atmospheric seasonal terms — if the
stratospheric winds were included, the adjusted
scaling factor would surely change. The obtained
tidal scaling factor k/C (0-945 + 0-021) fully confirms,
and even defines more precisely, the value recommend-
ed by Yoder et al. (1981). Better agreement between
the observed LOD variations and those calculated

393

from the tides and atmospheric EAMF achieved
after 1983 (see Fig. 15) proves that errors of astro-
nomical observations are mainly responsible for the
noise of the differences at higher frequencies. The
new observing techniques now used will, therefore,
lead to a better understanding of the character of the
missing excitation in the near future.
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