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[1] We study the solar impact on 400 years of a global
surface temperature record since 1600. This period includes
the pre-industrial era (roughly 1600—1800 or 1600—1900),
when negligible amount of anthropogenic-added climate
forcing was present and the sun realistically was the
only climate force affecting climate on a secular scale, and
the industrial era (roughly since 1800—1900), when
anthropogenic-added climate forcing has been present
in some degree. We use a recent secular Northern
Hemisphere temperature reconstruction (Moberg et al.,
2005), three alternative total solar irradiance (TSI) proxy
reconstructions (Lean et al., 1995; Lean, 2000; Wang et al.,
2005) and a scale-by-scale transfer climate sensitivity model
to solar changes (Scafetta and West, 2005, 2006). The
phenomenological approach we propose is an alternative to
the more traditional computer-based climate model approach,
and yields results proven to be almost independent on the
secular TSI proxy reconstruction used. We find good
correspondence between global temperature and solar
induced temperature curves during the pre-industrial period
such as the cooling periods occurring during the Maunder
Minimum (1645—1715) and the Dalton Minimum (1795—
1825). The sun might have contributed approximately 50%
of the observed global warming since 1900 (Scafetta and
West, 2006). We briefly discuss the global cooling that
occurred from the medieval maximum (=1000—1100 AD)
to the 17th century minimum. Citation: Scafetta, N., and
B. J. West (2006), Phenomenological solar signature in 400 years
of reconstructed Northern Hemisphere temperature record,
Geophys. Res. Lett., 33, 1L17718, doi:10.1029/2006GL027142.

1. Introduction

[2] A number of secular reconstructions of global tem-
perature and TSI have been carried out in order to under-
stand the causes of climate variability, and in particular to
identify the relative natural vs. anthropogenic contribution
of the observed variations. However, the mechanisms by
which solar activity might cause climate changes are not
well understood [Hoyt and Schatten, 1997; Pap and Fox,
2004].

[3] A traditional approach relies on theoretical climate
models [/ntergovernmental Panel on Climate Change, 2001;
Hansen et al., 2002] where a certain number of climate
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forcing and feedback mechanisms are pre-determined in
the model. By adopting this philosophy the solar impact on
climate would significantly depend on the amplitudes of
secular trends of the adopted TSI forcing, (compare Figure 1A
and 1B of Foukal et al. [2004]). In fact, by keeping the model
unaltered in its mechanisms, weaker TSI forcing would yield
to weaker climate feedback to TSI variation, and the total
effect of solar change on climate would be weaker. One
difficulty with this approach is that the feedback mech-
anisms and alternative solar effects on climate (for
example, UV energy changes are involved in production
and loss of ozone, variations in the solar wind affect the
size and intensity of the heliosphere and modulate the
cosmic rays that may affect formation of clouds affecting
Earth’s albedo [Pap and Fox, 2004]), since they are only
partially known, might be poorly or not modeled at all.

[4] To circumvent the lack of knowledge in climate
physics, we adopt an alternative approach that attempts to
evaluate the total direct plus indirect effect of solar changes
on climate by comparing patterns in the secular temperature
and TSI reconstructions. Herein, a TSI reconstruction is not
used as a radiative forcing, but as a proxy of the entire solar
dynamics. We find that this phenomenological approach
yields a result that is less sensitive to the particular TSI
reconstruction adopted in the analysis because a weaker TSI
forcing would simply imply the presence of stronger climate
feedbacks to TSI variation and/or a stronger climate sensi-
tivity to other solar changes (UV and cosmic rays) in such
a way as to reproduce the same observed temperature
patterns. This phenomenological approach is justified by
the findings of several authors [Eddy, 1976; Lassen and
Friis-Christensen, 1995; Lean et al., 1995; Crowley and
Kim, 1996; Hoyt and Schatten, 1997; White et al., 1997]
who have noted an apparent secular correlation between
global surface temperature and TSI reconstructions. We use
a novel scale-by-scale transfer climate sensitivity model
(SbS-TCSM) [Scafetta and West, 2005, 2006] to solar
changes for this purpose.

[s] We assume that the secular climate sensitivity to solar
change can be phenomenologically estimated by comparing
the secular warming between the solar and temperature
records during the pre-industrial era (roughly 1600—1800
or 1600—1900 AD), when, reasonably, only a negligible
amount of anthropogenic-added climate forcing was pres-
ent. During this period the sun was the only realistic force
affecting climate on a secular scale. Any secular change of
the albedo and of greenhouse gases (GHGs) (H,0, CO,,
CH,, etc.) occurring during this pre-industrial era should be
considered natural climate feedback to solar change, and
therefore, counted as an indirect solar effect on climate. In
fact, for example, it may be misleading to assume that all
changes of CO, concentration must have an anthropogenic
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