Cornelis de Jager

Measurements in terrestrial ice
cores and in biological sediments
provide information on past
variations of the tropospheric
temperature as well as on those of
past solar activity. it appears that
both are correlated, although not
strongly. Never in the past ten
thousand years has the sun been
as active as in the past half century.
The climate has bean extrems tao
in that same period of time. The
question of the causal relationship
is of interest.

Solar activity is driven by
the solar dynamo. Helivseismology
has provided us with good
information on the intermal solar
conditions and processes,
especially those in the tachocline,
which is important as the seat of
magnetic fields.

Solar variability has two aspects:
a regular variation of the solar
irradiance and the emission of
magnetised plasma clouds. Both
vary in pace with the sunspot
(Schwabe) cycle and they are
(loosely) correlated. Both may be a
cause for influencing temestrial
climate but presently available data
saem to favour the first mechanism.

The sun varies with at least six
semi-periods. The dynamo is a non-
linear process that shows chaaotic
elements. Phase catastrophes do
occur. Therefore it is basically not
possible to forecast future solar
variahbility

Solar activity

and
climate

1. Past variations in solar
activity and climate

Measurements in ice cores (Green-
land and Antarctica) but also those in
biological sediments, have provided us
with very useful information on the va-
riations in the past, both of the tropo-
spheric temperature as well as in solar
activity. Information on the variation
of tropospheric temperatures over the
years is derived from a comparison of
the "0/"0 contents in air bubbles in-
cluded in ice cores, while that on so-
lar activity is given by deposits of co-
smogenic radionuclides, such as ""Be
in sediments and ice cores. The cosmo-
genic radionuclides are produced by
cosmic radiation interacting with up-
per atmospheric molecules. In furn, the
flux of cosmic radiation received on
earth is modulated by the magnetic
fields in plasma surrounding the Earth
and filling the heliosphere. The ma-
gnetized plasma is emitted by the Sun,
and the amount emitted depends on the
degree of solar activity. The more ac-
tive the Sun, the more plasma emit-
ted, the smaller the cosmic radiation
flux on Earth and the consequent num-
ber of deposited ""Be particles.

Figure 1 presents the variation of
solar activity over the past 12,000
years, as measured through '"Be and
¢ deposits. The upper frame shows
that during the past 2000 years the Sun
has not been as active as it was during
the past half century, while the lower

UHANIA — POSTEPY ASTROMOMI

frame shows that this statement even
applies to the past 11,000 vears. We
note that while speaking in this con-
nection of solar activity we refer to the
emission of magnetized plasma clo-
uds, because these affect the produc-
tion of cosmogenic radionuclides thro-
ugh modulation of cosmic rays. This
statement is important because there
are other manifestations of solar acti-
vity. They are mostly correlated with
the emission of plasma clouds but the
correlation is not in all cases strong
and there are indications of time de-
lays between the maxima of sunspot
activity and of the frequency of Coro-
nal Mass Ejections (CMEs). The Ener-
getic Emissions Delay (de Jager 2005)
of about one to two years is the avera-
ge time difference between maxima of
sunspot activity and of CME ejections.

Figure 2 gives the variation of ave-
rage Northern Hemisphere temperatu-
res with time over the past 2000 years
as published by Moberg et al. (2005).
Mate that there appears to be some cor-
relation between this curve and those
of Fig. 1; note also that over the past
half century the average Northern He-
misphere temperature was higher that
ever in the past 20 centuries. The simi-
larity between the curves of Figs. 1 and
2 is suggestive and asks for an expla-
nation, or at least for further study.

In this connection we have to add a
few critical notes. First, that there are
clear indications that the variation of
average temperafures is not the same
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