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One step closer to "space climate" forecasting

The Sun determines the course of the planets. But the planets may also exert an influence on
the Sun. Their configurations appear to be responsible for long-term cycles of increased solar
activity. Scientists at Eawag and the ETH Zurich, in collaboration with colleagues from Spain
and Australia, have compared cycles of solar magnetic activity over the past 10,000 years — as
reconstructed from ice cores — with the action of the planets. The agreement observed is very
striking, raising hopes that our ability to forecast periods of intense solar activity may ultimate-
ly be improved. This is becoming increasingly important as our society is ever-more depend-
ent on technologies such as satellite communications and navigation systems — as well as
power grids —which can be disabled by major solar eruptions.

The Sun accounts for over 98% of the total mass of our solar system, and its gravitational field keeps
the planets in their orbits. To date, the effects exerted by the planets on the Sun have been regarded
as negligible — akin to the relation between a gnat and an elephant. But it would seem that a
well-placed gnat bite can in fact inflame an elephant, and an international team of scientists has
shown that something similar could happen to the elephantine Sun. The relatively small torque exerted
by the planets appears to be the cause of the long-term cycles of solar activity. The well-known perio-
dicities of 88, 104, 150, 208 and 506 years observable for the last 10,000 years correspond precisely
to the periodic changes in torque exerted by the planets on a thin layer in the solar interior known as
the tachocline. Marking a transition between the radiative and convective zones in the Sun, the tacho-
cline is believed to play a fundamental role in the generation of the solar magnetic field. The scientists
suspect that planetary torque may act on this layer in a manner similar to the tidal effects of the Moon
on the Earth. Thus, even small changes in the tachocline could affect the occurrence of solar erup-
tions.

Planets — an external "clock"

In their study, to appear soon in Astronomy & Astrophysics*, the lead authors José Abreu (Ea-
wag/ETHZ) and Jurg Beer (Eawag/ETHZ) show why they find the idea of planetary influence so con-
vincing. Tracing the five most prominent periodicities of solar activity back over the last 10,000 years,
they observed that the peaks and troughs reappear with precisely the same periodicity even after be-
ing attenuated or vanishing altogether for some time. Beer concludes: "Everything points to an exter-
nal 'clock’, and that can really only be the planets.”

Archive of cosmogenic radionuclides in polar ice

Direct evidence of the number of sunspots (a measure of solar activity) has only been available for
about 400 years — the era of telescopic observations. Anyone wishing to trace the history of solar ac-
tivity further back over the last 10,000 years has to rely on indirect evidence. This evidence was ob-
tained from polar ice cores (from Greenland and Antarctica), in which radionuclides produced by cos-
mic rays are stored. During the Sun's quiescent periods, more cosmic rays enter the atmosphere —
with increased production of radionuclides — as the blocking effect of the solar magnetic field is weak-
er. In addition to ice-core beryllium (‘°Be) data, the authors also used tree-ring carbon (**C) data for
their study. Both time series show excellent agreement.
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Improved understanding of the Sun

Abreu and Beer are still describing their conclusions cautiously as a "hypothesis"; however, if the
team's findings are confirmed, they will be of major importance. Firstly, should help to improve our un-
derstanding and to develop more realistic models of the Sun. In addition, they could help to generate
more reliable forecasts of the "space climate" or even "space weather" — a matter of great importance
for longer space voyages. But those of us who remain earthbound are also affected by solar magnetic
activity, as our society is increasingly reliant on vulnerable technical installations (see Box).

Box: Vulnerable electronic systems

Superflares are massive eruptions of solar plasma, hurling billions of tonnes of gas into the atmos-
phere and causing magnetic storms in space and on the Earth. Satellites, aircraft avionics, power
grids, radio signals and many other systems could be disrupted or destroyed by an event of this kind.
In 1859, the solar flare observed by the British astronomer Richard Carrington only disrupted the tele-
graph networks which had recently been established in Europe and North America. Today, it is esti-
mated that a geomagnetic storm of the same magnitude would cause around two trillion (2x1012!) dol-
lars' worth of immediate economic damage in the US alone. Whether an improved understanding of
solar magnetic activity will help to predict the frequency and intensity of such eruptions remains an
open question. As Jurg Beer admits, "Storm warnings are still a long way off." But the recent research
takes us one step closer towards being able to give a better explanation of the longer-term "space cli-
mate".

*Original article: Is there a planetary influence on solar activity? J. A. Abreu, J. Beer, A. Ferriz-
Mas, K.G. McCracken, and F. Steinhilber; Astronomy & Astrophysics; Vol. 548;
http://dx.doi.org/10.1051/0004-6361/201219997 (proof-version)

NASA Solar Dynamics Observatory (SDO) images and videos available at: http://sdo.gsfc.nasa.gov

Further information:
e José Abreu, ETH Zurich, +41 (0)44 632 97 09; jose.abreu@erdw.ethz.ch
e Jirg Beer, Eawag: +41 (0)58 765 51 11; juerg.beer@eawag.ch
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