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tThe title line, which was recounted during these birthday festivities, derives from a dinner during Walter's earth rotation

days. W. Markowitz of the U.S. Naval Observatory told of the logical scientist who set out to determine the cause of drunken-

ness. On suc¿essive days he consumed large quantities of scotch and water, bourbon and water, and vodka and water. Becoming

drunk in each case he concluded that the water was responsible. Markowitz went on to find a parallel in the authorship of a

number of then-recent papers on the rotation of the eaith (e.g. 49, 60, 72 in the bibliographV), singling out Walter as the com-

mon ingredient in this infiltration of geophysicists into what had been the domain of astronomers.
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"Let the great world spin for ever down the ringing grooves of change'
Lord Tennyson, 1842

Lewis Carroll was correct when he wrote "If everybody
minded their own business, the world wottld go round a deal
faster than it does." For unnatural acts like hula dancers per-
forming at the north pole or New England vacationers driving
to Florida, do modify the Earth's rotation. At least Walter
Munk would have had us believe this.* Other people, such as
Johnny Hart, have also appreciated the finer aspects of the
F¿rth's rotation (Figure 1).

Astronomers measure the rate of rotation of the Earth and
the direction of the rotation axis relative to the crust. If the
instantaneous rotational velocity is denoted by a¡ and a mean
velocity by O then a¡ : O (l+m) where rz is a small quantity
specifying the departure from uniform rotation. What astro-
nomers observe is not ¿o or m but the amount 16¡ by which
the Earth is slow after an interval of AI days. This is
effectively done by observing the successive instants of tran'
sit of a star across a meridian against a uniform time scale.
Then

(o -  Ct)  -C-  t  -A( l .o .d. )
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where UT is universal time kept by the Earth,,4T is the
atomic time, l.o.d. is the length-of-day and A(l.o.d.) is the
change in length-of-day. m is typically of the order I in ld.
Changes in rr may approach I part in 107 over periods of
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'See Munk and MacDonald (1960). I have not been able to
ûnd the second c¿lculation reco¡ded here but I have it from
several sources that Munk carried this one out. He did con-
sider the consequences of an equatorial merry'go-round'

several decades (see Figure 2). Figure 3 illustrates the main
characteristics of the length-of-day spectrum.

The direction of the instantaneous rotation axis is deter-
mined from the measurement of the zenith angle z of stars
of known declination ô, since at transit the latitude is given
by ó : ô -r z with the sign being a function of whether the
star transits below or above the celestial pole. If the position
of the rotation axis shifts relative to the observer's vertical,
this will be reflected by a comparable change in the zenith
distance next time the star transits. Observations of the
"changes in latitude' lrom several stations determine the
motion of the rotation axis. This is the polar motion. Figure
4 illustrates some typical results. Amplitudes of polar motion
are of the order of 0.2 arcsec, and two distinct periodicities
are seen, one at 12 months, the other at 14 months known as
the Chandler wobble. Much longer period or secular changes
may also occur.

The geophysical causes for the irregularities in rotation are
varied (Figure 5), being any process that modifies the second
order inertia tensor of the Earth or which exerts a torque on
the crust and mantle. The interest in the study of the rota-
tion is twofold. It lies in this diversity of excitation mechan-
isms involving meteorology, oceanography, solid Earth phy-
sics and magneto-hydrodynamics. Secondly, it lies in the
search for observations of this rotationai motion that goes far
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Figure 2. Proportional changes in length-of-day, m. (a) From jB20-
1975. Onþ fuctuations rhat persist for about 10 years or longer are evi
dent. (b) Fron 1962-1978. Seasonal variations are now clearly evident.
k) For 1968 qfter removal of the seasonal effects. Some of the high fre-
quency fuctuations nay reprcsenr noise in the astrcnomical measuremenls
but some of the larger changes can be attributed to changes in atmospheric
circulation.

beyond the telescope observations of the last one hundred or
so years.

It would be nice to think thar Walter was drawn to the
study of the Earth's rotation by the idea of polar hula danc-
ers, but it appears that the truth lies elsewhere. Victor Starr
in 1948 had recognized that seasonal variations occurred in
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the net zonal angular momentum of the atmosphere and that
this must be accompanied by changes in the Earth's rotation.
Starr thought that the net effect was imperceptible but Munk
must hàve thought otherwise. With R.L. Miller he evaluated
this imbalance and showed that ir did, in fact, expiain the
seasonal changes in length-of-day previously, but precari-
ously, observed by N. Stoyko and others (Munk and Miller,
1950). A new aspect of Walter's career was launched.

It often happens in studies of the Earth's rotation. as it
must in most other areas of observational science, that astro-
nomical data are revised, that the physical mechanisms or
excitation functions are re-evaluated and that what initially
agreed now disagrees. Obvious examples are the tidal friction
question and the excitation of the Chandler wobble. It also
happened with the seasonal changes in length-of-day and it
took nearly 20 years to show definitively that Munk and
Miller were correct (Lambeck and Cazenave, 1973). In
Munk's own words "definitive papers are usually written
when a subject is no longer interesting, (Munk, 1980). But,
fortunately, deflnitive papers inevirably raise new questions
and this has been the case here. Do, for example, the small
discrepancies between the observed and computed rotational
changes shed information on the anelasticity of the Earth or
on oceanic contributions? Do the astronomical observations
provide information on the atmospheric circulation ?
Separately from this, the interaction berween the atmospheric
circulation and the Earth's rotation is now known to
encompass a very broad spectrum, and it has been suggested
that the astronomical data could be introduced as constraints
on global atmospheric circulation solutions (Lambeck and
Cazenave, 1977; Hide, 1977).

Being an oceanographer at heart, it was obvious that Munk
should also look at analogous interactions between the oceans
and the rotation. With Miller and G. Groves he investigared
the angular momentum exchange between ocean currents
and the solid Earth; with R. Revelle he investigared the rota-
tional consequences of an exchange of mass between the
polar ice sheets and the oceans (Munk and Groves. 1952t
Munk and Revelle, 1952ù. Munk recognized immediately
that the study of the Earth's roration goes beyond explaining
the astronomical data and that other geophysical concepts
could be explored using the data as constraints (Munk and
Revelle, 1952b). Thus he attempted to draw conclusions
about the exchange ol mass between the polar ice sheets and
the oceans from the wobble observations, speculated about
the relation between the geomagnetic field and the length-
of-day changes, the pole tide and excitation of the Chandler
wobble and tidal friction.

Munk was, and I think still is, fascinated by the problem
of tidal dissipation and lunar orbir evolution (Munk, l9g2).
Here he had to draw on a range of subjects that are rarely
encountered in geophysics: the rigours of celestial mechanics,
the ambiguity of astronomical observations whether taken by
telescopes or deciphered from the histories and legends of
past civilizations; the speculations of past ocean geometries
and thermal evolution of the Earth; the search in the geologi-
cal record for Gerstenkorn's close encounter. Only the
palaeontological evidence for past tidal frequencies escaped
Munk's search for a way to constrain the problem, it being
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Figure 3. Schematic spectrum of length-of-day changes and error spectru.

some three years after the publication of The Rotation of the
Earth rhat Wells (1963), and later Scrutton (1965) presented
evidence for more days in the Devonian year than there now
are. In hindsight, clues to the existence of these palaeonto-
logical chronometers are found in Wells' work nearly two
decades earlier, when he suggested that lesser annulations
between annual growth patterns in corals may reflect monthly
fluctuations. Fossil records would then provide a measure of
the number of (synodic) months in the year, a quantity that
is proportional to the difference in the apparent mean orbital
motions of the Moon and Sun about the Earth. T.F.
Goreau's demonstration in 1959 that the much finer growth
structure of coral epitheca, already much remarked upon,
were controlled by diumal factors should also have been a
pointer. But not until later did Wells count the number of
fine growth rings between seasonal growth rings to estimate
the number of days in the Devonian year. Scrutton counted
the number of ridges between the "monthly'' growth rings
and obtained an estimate of the number of days in the
synodic month. These observations have added even more
scope to speculating on this fascinating question. If these
fossil astronomers were only aware of the controversy they
were to cause later they would surely haye opted for different
lifestyles.

By 1960 Munk had teamed up with Gordon MacDonald
and written the book that redirected research in the rotation

of the Earth for the next two decades (Munk and Mac-
Donald, 1960). I am not sure that the full importance of this
work was immediately recognized if the few reviews that I
have been able to find are any guide. Nevertheless some
astute observations were made. Jack Jacobs, for example,
wrote "... it is a timely reminder to the complacent to find
that many of the problems considered as solved in the 1920's
are now wide open." Keith Runcorn grumbled about their cir-
cumspect treatment of palaeomagnetism. He was later to
grumble about my treatment of another aspect of the Earth's
rotation.

Perhaps, the book was not so important after all if we con-
sider the dictum attributed to Bob Stewart that "You can
measure the status of a scientist by the time he held up
further development of the field.' After all, the book began
to influence research within a few years. Alternatively,
solid-earth physicists are different from oceanographers.

Having written the book, Munk promptly dropped the sub-
ject, apparently retuming to it only once to give the Harold
Jeffreys lecture at the Royal Astronomical Society in 1968.
He had nentered a field with little or no modern literature, to
leave it some ten years later in a state of lively participation
and an increasing flux of publications." That Munk had this
influence must be due to several factors, other than having
such excellent coauthors. Foremost must be that Munk
entered the field unhampered by detailed knowledge of the
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Figare 4. (ToÐ The pole pathfiom 1968 to earþ 1970 as determined by
the Bureau International de I'Heure at inrervals of 0.05 years. Error esti-
mates are indicated ar he rop left-hand side. (Bottom) Schematic spec-
trum of the polat motion. The two peaks are ar 14 and 12 months. Some
signal may occur al vety low frequencies.

astronomical observations. I suspect that the cry "... beware
of the screw correction!" tells us more about Walter's charac-
ter than it does about his knowleCge of the details of the
astronomical measuring process. Where others feared to
draw conclusions because they were only too aware of all the
weaknesses of the astronomical data, Munk and coauthors
did not hesitate. They were invariably right. Munk also had
the inspiration to treat polar motion or wobble together ì.vith
the length-of-day changes. Because different observing tech-
niques and instruments were used to observe these two
aspects of the F¿rth's rotation, astronomers generally treated
length-of day and polar motion separately. Munk recognized
that the geophysics was the same and that more geophysical
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information could be extracted by treating wobble and
length-of-day together. Another important factor was that,
following Sir Harold Jeffreys, Munk took the subject properly
into the realm of geophysics, out of the hands of astrono-
mers who tend to discuss geological problems with the cer-
tainty nonnally reserved for celestial mechanics. In this
respect he has not been entirely successful. At a meeting a
year or two back, an astronomer discussed the effect of con-
tinental drift on rotation in terms of "If we remove Australia,
then ...".

My own interest in the subject post-dates Munk and
MacDonald's book by nearly a decade. I had purchased the
book much earlier, at a time when I could ill-afford it, but it
stayed largely unread while I worked at the Smithsonian
Astrophysical Observatory on graver problems: on the deter-
mination of the Earth's gravity field from satellite orbit ana-
lyses. It was nevertheless clear to me, even then, that the
conventional astronomical methods were reaching their limits
of accuracy and that they would soon be inadequate if the
research on satellite orbit analyses and gravity field
determinations continued to progress rapidly. Also, the
astronomical observations would not provide convincing tests
of the then-revived hypothesis of earthquake excitation of
the Chandler Wobble. (Munk and MacDonald had dismissed
this possibility but the full extent of the earthquake displace-
ment fields was not recognized until the work of M.A. Chin-
nery and F. Press in 1965.) My first attempr at an alternative
approach for measuring Earth rotation was to use Baker-
Nunn camera observations of artificial satellites recorded
simultaneously at several sites. Such observations determine
the orientation in space of the vectors joining the tracking
stations, vectors that should change with time due to, inter
alia, polar motion. The data were simply not good enough.

Not because of this failure, I moved ro France in 1970
where I attempted to do the same thing again - this time by
computing changes in inclination of orbits of satell ires tracked
by lasers. Again I failed (Lambeck, l97l). The laser-range
data were just too inadequare at this early stage. Others had
more success: Anderle (1973) demonstrating what could be
done with the Doppler observations of the navigation satell i te
network where the distribution of the data was much superior
to that available from other tracking systems. Instead ol'pur-
suing this further I must have realized that interpreration of
existing data was surely more productive. So, armed with
Munk and MacDonald, I started again. On reading this book
carefully for the frrst time I was immediately struck by the
wealth of unresolved problems. Instead of summing up the
subject, it seemed to me that many more problems were
raised than solved. It proved to be a gold mine of ideas for
me, as it must have for so many others. Furthermore, many
geophysical observations now existed that could be used to
test some of their ideas.

My first attempt was to evaluate the angular momentum of
the atmosphere because I had become aware that R.E. Newell
was preparing a very complete set of zonal wind data for the
years 1958-1963. This led to the definitive explanation of the
seasonal terms in length-of-day and also explained a rather
erratic quasi-biennial term previously noted by Iijima and
Okazaki (1966). Furthermore, it quantitatively confrrmed
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that the meteorological excitation spectrum was broad indeed,
and that much of the high frequency power in the rotation
spectrum was really meteorological noise (Lambeck and
Cazenave, 1974). Thus I worried that it would be extremely
difficult to extract other geophysical information from these
data unless they could be corrected for atmospheric effects.
Recent work suggests that this may now be possible (Hide e¿
a/., 1980; Rosen and Salstein, 1983; Lambeck and Hopgood,
1982).

In searching through the meteorological literature for
further information, I became aware of the longer term
fluctuations in climate that seemed to resemble the decade-
scåle variations in length-of-day. Munk and MacDonald
correctly ruled out any significant meteorological and oceano-
graphic excitation of the length-of-day at these time scales
but the observations were, nevertheless, intriguing. Periods
of surface warming and increasing strength of the zonal cir-
culation coincided with times of an accelerating Earth (e.g.
1850-1870 and 1900-1940) while periods of general surface
cooling and breakdown of the zonal circulation coincided with
times of deceleration (e.g. 1870-1900, 195O-presenr) (Lam-
beck and Cazenave, 1976). I have never been quite sure
what to make of this, particularly as the migration of whales
in the Pacific Ocean purportedly follows a similar pattern.
Others have hesitated less. It is a subject I always intend to
get back to, but somehow never do.

In the meantime I had regressed back to an old habir of
looking at satellite tracking data. This time we looked for
orbital perturbations of tidal origin. I was rather disturbed by
the neglect of ocean tides in the earlier works of Y. Kozai
and R.R. Newton and even more puzzled by the strange
results for the Love number k2 and phase lag that were then
creeping into the literature. V/.M. Kaula had already
developed a comprehensive tidal perturbation theory but I
failed to see how this could be conveniently applied to ocean
tides where the response is frequency dependent. Hence we
developed a specific theory for the perturbations in artificial
satellite orbits caused by ocean tides and we were able to
demonstrate that many of the disparate Love numbers and
phase lags were, in fact, due to the neglect of ocean tides
(Lambeck et al., 1974). The numbers we found did lead us
back to the by now well thumbed and annotated copy of the
Rotation of the Earth. What to do with these funny looking
results and what ocean-tide information did our parameters
contain? (This is beginning to sound like Wilkie Collins'
Betteredge's frequent consultation of Robinson Crusoe in
times of need.) Again I found my answer there: the numbers
represented the integral of the work done by the Moon and
Sun on the ocean surface. What we had come up with was a
ner,v measure of the dissipation of tidal energy. Only a short
step was now required to replace, in the equations of motion,
the artificial satellite by the Moon and to obtain a measure
for the lunar acceleration in terms of parameters deduced
from satellite orbit analyses (Lambeck, 1975, 1977). Now,
by comparing astronomical estimates of the lunar acceleration
with the satellite parameters, it is possible, at least in princi-
ple, to separate dissipation of tidal energy in the Earth and
Moon.

Figure 5. Summary of geophysical factors perturbing the Earth from uni-
form rotation. Geomagnetists will recognize R. Hide's contriburion to geo-
physics: The beetles are due to T. Gold (from NatureL\í, 104, /98|ì.

By the mid 1970's I started writing a book on the Earth's
rotation, since the subject had now evolved to a point similar
to that at which Munk must have found it nearly twenty
years earlier. A plateau had been reached and the next
significant quantum jump in information would only come
after new methods of measuring the Earth's rotation had pro-
duced long series of improved data sets. I have previously
outlined some of the important developments that have
occurred since the publication of Munk and MacDonald's
book (Lambeck, 1980) but in the present spirit a more per-
sonal account is appropriate. In discussing the geophysics of
the Earth's rotation, it is so easy to overlook the efforts made
by those who produce the data upon which the interpreta-
tions rest. It is even easier to be critical after their work is
done. B. Guinot's work at the Bureau Internationale de
I'Heure of revising the post-1955 data, of maintaining unifor-
mity throughout and of continually improving the quality of
the astronomical data, is paramount. Likewise, L.V.
Morrison has rendered an invaluable service in revising the
older telescope observations that go back to the start of the
nineteenth century. R.R. Newton and F.R. Stephenson's
work on interpreting the old eclipse records has provided a
much better understanding of the historical accelerations.
Compare the eclipses selected by Munk and MacDonald as
reliable with the conclusions reached by Stephenson (1972).

Much of the revised geophysical discussion rests on these
foundations. Congruent with Munk and MacDonald's book
was M.G. Rochester's (1960) work on electromagnetic core-
mantle coupling, pursued further by him for the next decade
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(see Rochester, 1973). R. Hide's work on core-mantle cou-
pling has also contributed greatly (Hide, 1969, 197'l).
Mechanisms by which core motions are.coupled to the man-
tle and vice-versa are now much better understood than in
Munk's time. It also remains inescapable that this coupling
is largely responsible for the decade fluctuations in length-
of-day. What remains controversial is the choice of mechan-
ism: is it by electro-magnetic coupling or is it by topographic
coupling, Hide's core phrenology? Recent papers by Le
Mouel and coauthors and the Royal Society Discussion Meet-
ing show that this subject is still much alive (Le Mouel et al.,
1981) but the definitive paper is not even in sight.

The work by W.M. Kaula, G.J.F. MacDonald, P. Goldreich
and H. Gerstenkorn in the period 1964-1969 led to a much
improved understanding of the celestial mechanics of the
Earth-Moon system although the time scale problem
remained poorly constrained. At the time of Munk and
MacDonald's work there was still much controversy about
where the bulk of tidal energy was dissipated: in the oceans
or in the solid Earth. This, I would like to think, is now
resolved, with some 90-950/o or more of the energy being dis-
sipated in the oceans (Lambeck, 1977, 1980). This
conclusion is based mainly on the important work done by C.
Pekeris, M. Hendershott and W. Zahel in modelling the glo-
bal ocean tide. Actually, how the energy is dissipated
remains more obscure and debatable. With continental-
drifters and pole-twisters ruling present-day geophysics, it is
only a short step to argue that past ocean configurations were
sufficiently different to invalidate any simple extrapolation of
the lunar motion backwards into time. Several attempts have
been made to model dissipation in bygone oceans (e.g.
Brosche and Sundermann, 1977, Webb, 1982; Hansen, 1982)
but simpler arguments can also be marshalled to diminish the
importance of this evolutionary time-scale problem (Lam-
beck, 1982). Those who do not like the Gerstenkorn event
can rest in peace. The palaeontological evidence, in the form
of growth rhythms of coral and bivalve fossils, has helped
somewhat, but the initial excitement, stirred by Wells and
Scrutton and fanned by Runcorn, has been damped by the
realization that the problem is considerably more complex
than originally appreciated. Perhaps the best evidence
remains that of Wells and Scrutton for coral fossils. Growth
habits of modern bivalves have been investigated, notably by
Clark (1974) and Evans (1972), but the pauern is complex,
being stimulated by both the day-night alternations and the
tidal cycle. Pannella (1972) assumed that the number of
ridges between lesser annulations was a measure of the
number of days in the synodic month while Berry and Barker
(1968) assumed they reflected tidal influence! No serious
results have been published since about 1975. The stroma-
tolite evidence is even more circumspect. Certainly the living
fossils in Shark Bay do not possess good chronometric attri-
butes. Much of the information remains circumstantial and
the hypothesis rests in large part on the observation that the
observed periodicities in living samples correspond to what
one expects. Conclusions about the actual accelerations dur-
ing the geological past remain on an uncertain footing indeed.

The already mentioned work of Chinnery and Press laid
the groundwork for the revival of the earthquake excitation
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of the Chandler-wobble by L. Mansinha and D.E. Smylie.
The subsequent discussions between these authors and F.A.
Dahlen, R.A. Haubrich and others are highlights of the last
two decades. rüork on revising the moment-magnitude scale
by K. Aki, M.A. Chinnery and H. Kanamori led to a revival
of the hypothesis by R.J. O'Connell and A.M. Dziewonski in
1976, but today's conclusions are still unsatisfactory. The
nature of the mechanism maintaining the wobble against
damping remains elusive. Excitation by the changes in the
inertia tensor caused by large earthquakes alone appears
inadequate. Aseismic deformation may be more important
but cannot yet be fully evaluated. Atmospheric excitation, by
irregular fluctuations in the atmospheric mass distribution,
also appears to be insufficient. Probably a combination of
factors is responsible.

Studies of rotation and tidal deformation of the Earth have
become more realistic since 1960 and while many of the con-
clusions reached by H. Jeffreys and M.S. Molodensky are
essentially correct, I, for one, understand the problem better,
thanks to papers by W.E. Farrell, W.R. Peltier, M.L. Smith
and T. Sasao and colleagues. Wahr (1980) has most recently
discussed these questions in what may be "definitive" papers.
The most complete discussion of the tidal deformations of a
planet with oceans and a fluid core is by Merriam (1980).
Other highlights of the post-Munk era in the history of the
Earth's rotation include C. Wunsch's work on the pole tide,
and R.J. O'Connell's work on pleistocene deglaciation effects
on rotation, a subject also drawing much attention now
(Nakiboglu and Lambeck, 1980; Sabadini and Peltier, 1981).

Perhaps it is appropriate here to go back and speculate on
that subject I try to avoid: the qualitative relations seen on
the decade scale between the changes in length-of-day
(l.o.d.), climate, geomagnetic field parameters, and possibly
earthquake and volcanic activity. The climate-l.o.d. similari-
ties for the period 1840 to the present, can be characterized
as follows: periods of increasing zonal wind activity and of
increasing global surface warming (Type 1 circulation) appear
to coincide with an accelerating Earth; periods of cooling and
decreasing zonal wind activity (Type 2 circulation) coincide
with a decelerating Earth (Figure 6a). The years 1900-1930
and 1840-1870 are characteristic of the former while the
years 1870-1900 and 1950-present are characteristic of the
latter phase. The evidence for this is sparse and diverse but
we did note that there is a general lag of some l0 years of
the climatic indicators behind the l.o.d. This is seen, for
example, in the surface temperature (Figure 6b). This does
not make l.o.d. a good predictor of climate change. First of
all, the relationship is tenuous at best. Secondly, the change
in length-of-day, A (l.o.d.), is a global response. Thirdly, the
A(l.o.d.) is a response to many geophysical factors with a
variety of time scales. For example, is the upturn in rn seen
towards the end of the seventies a start of a major change, as
occurred near 1900-1905? Or is it merely a change on a 3-
5 year time scale that has frequently been seen since atomic
time was first introduced? The combined meteorological and
oceanographic excitation function appears to be an order of
magnitude too small to explain the dec¿de changes in l.o.d.
approaching 1 part in ld from 1870 to 1900. This leaves
open two altemative interpretations: (a) the l.o.d. and
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between this field and l.o.d. remains circumspect but some
observations, such as the vertical component of the magnetic
field, exhibit regional changes on the decade time scale that
follow the length-of-day. In particular, changes noted in
Europe (Golovkov and Kolomiitzeva, TgTl) (Figure 7a) and
in South Africa (Bullard, 1948; Roberts, 1972) appear to fol-
low similar patterns, indicating that there may have been a
globai modification in the magnetic field towards 1890-1900.
This is also suggested by variations in the dipole term g¡0, for
the years 1880 to 1970 (Figure 7b) (see also Yukutake,
1973). The scenario is now the following. Electromagnetic
torques on the core-mantle boundary change the Earth's
rotation and manifestations of these torques are seen at the
Earth's surface; and there is a suggestion of this lag in the
data. Interactions between the changing planetary field and
the atmosphere would somehow have to produce the climatic
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climatic changes are both the consequence of a third
phenomenon, (b) the fluctuations in l.o.d. cause the observed
variations in the circulation. The latter possibility has already
been suggested (e.g. Maximov and Sleptsov-shevlevich,
1973) but the mechanism remains obscure and, in view of
the smallness of the energy involved, improbable.

The first possibility is more attractive, particularly if we
restrict ourselves to arm-waving. One scenario is that earth-
quake activity and associated aseismic deformation cause
changes in the inertia tensor and in the l.o.d. In some
regions volcanic activity appears to follow upon periods of
major seismic events - we are talking about average condi-
tions over a few years - and the concomitant dust injected
into the atmosphere then explains the observed similarity
between 1.o.d. and the climatic factors. Observations in sup-
port of this are suggestions that long-term trends in both
seismic and volcanic activity follow the l.o.d. and that the
observed lag between seismic and volcanic activity in certain
regions is of the order of 5-10 years (Stoyko and Stoyko,
1969; Press and Briggs, 1975; Anderson,1974). However,
the energy released by earthquakes and lithospheric motions
is inadequate unless the aseismic component is more
significant than estimated so far.
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Figure 7. (a) Secular variations in the ve¡tical component ofthe magnetic
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changes. This scenario leaves out the earthquake-volcanic
activity link. Some will argue that the changing stress-state in
the mantle is the explanation, but again the energetics of this
appear to be wholly inadequate.

Lurking behind all of this, and at least one reason for me
to keep out of this field, is the role of fluctuations in solar
activity. What quicker way to be a disreputable scientist but
to introduce sunspots into.the correlations! Yet the Earth's
rotation has not been immune from correlation with sunspots
and solar indices. I have even suggested something like this
myself albeit in a slightly different context (Lambeck and
Hopgood, 1982). At the moment solar influences on climate
appear to be vaguely respectable but the changes in atmos-
pheric circulation are inadequate to explain the length-of-day
changes. This leads to the suggestion of a direct interaction
between the solar wind and the geomagnetic field but again
the magnitude of this is entirely insigniûcant.

Perhaps the missing link in all of this is the ocean. So far,
the results for this do not appear to be very encouraging.
Also, I am not foolish enough to address myself to an
oceanographic problem here at this meeting, which is
predominantly of oceanographers. lnstead I can only hope
that Walter, in his retirement and with nothing (more!) to
lose, will pick up the various loose ends and bring some
order into this chaos. I wish you, Walter, a busy "retire-
ment."*
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