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Solar activity is regulated by the solar dynamo, The dynamo is a non-linear interplay between the
equatorial and polar magnetic field components. So far, in Sun-climate studies, only the equatorial
component has been considered as a possible driver of tropospheric temperature variations. We show
that, next to this, there is a significant contribution of the polar component. Based on direct
observations of proxy data for the two main solar magnetic fields components since 1844, we derive an
empirical relation between tropospheric temperature variation and those of the solar equatorial and

B polar activities. When applying that relation to the period 1610-1995, we find some quasi-regular
:;‘L =) episodes of residual temperature increases and decreases, with semi-amplitudes up to ~03°C. The
Climage i i present period of global warming is one of them.

Global warming £ 2008 Elsevier Ltd. All rights reserved.
1. Imroduction

The question of the relation between the average tropospheric
temperature and solar activity is a matter of debate, There are,
however, indications that some relationship does exist. During the
Maunder Minimum (1650-1710) the level of solar activity was
low while the same was the case for the mean temperature, In
Holland there were indications for low winter temperatures from
recorded data on frozen canals (De Jager, 1981). Mot without
reason the term Little [ce Age is used for the period
~1500-~1850. Over longer time intervals there is abundant
indication of Sun-related temperature variation in biological
sediments (cf. review by Versteegh, 2005, with many references
to earlier investigations). An attempt to quantify that relationship
(De Jager and Usoskin, 2005) showed a clear dependence of the
tropospheric temperatures on equatorial activity, as manifested
by the Group Sunspot Number. In addition, a less pronounced
relation was found between the open solar magnetic flux and
tropospheric temperatures. Krivova and Solanki (2003) stdied
the relation between tropospheric temperature and solar para-
meters including the terrestrial cosmic ray flux and found that the
relation, if existent, was not significant after 1970,

The source of solar activity is the solar dynamo (cf. review by
De Jager, 2005), the basis of which is seated in the tachocline, a
relatively thin layer at a depth of some 200,000km below the
solar surface. There, strong toroidal magnetic fields originate from
an initially poloidal configuration, by internal shearing motions.
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When these have sufficiently increased in strength, parts of them
detach, whereupon they rise and appear at the surface as sunspot
groups. During the Schwabe cycle, which is the well-known ~11
years cycle of solar activity, a toroidal field thus originates from an
initially poloidal one. Part of this toroidal field thereupon gives
rise to fields with a poloidal character, which show themselves
mainly in solar polar areas. Although the surface polar fields are
less strong than those in the sunspot belt, the total magnetic
fluxes of the polar and equatorial fields are comparable (Callebaut,
priv. comim.).

In the studies mentioned above, as well as in all other hitherto
published investigations related to Sun—climate relationships, it is
always implicitly assumed that the solar mechanism that might
influence tropospheric temperatures had to be looked for in the
equatorial, sunspot-related, magnetic field regions. That mechan-
ism could either be the total solar irradiance directly influencing
the troposphere, the UV flux from facular areas around sunspots
by their influence on the terrestrial stratosphere, or else it might
be based on the flux of magnetized plasma, affecting the rate of
cloud formation by the modulation of the incoming flux of cosmic
radiation on the Earth (see for this last aspect Krivova and Solanki,
2003). A proxy for both mechanisms is the number of sunspots, or
the number of sunspot groups, These are related to the toroidal
component of the Sun's magnetic field.

In this paper, we investigate empirically whether those
manifestations of solar activity that are related to the polar areas
may also contribute to terrestrial climate and to what degree,
From data since 1844 we derive an empirical relation. Thereafter,
we use that relationship to compare tropospheric temperatures of
the past four centuries with the expected temperatures. We
find some significant episodes of relatively higher and lower






