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To evaluate the anthropogenic influence on global change, first the influence of the natural factors must be 
evaluated. The natural factors can be internal (volcanic eruptions, atmospheric modes of variability like 
ENSO, NAO, etc.), or external (solar variability, distant stars bursts, passage of the Solar system through 
clouds of galactic dust). Sun is the only big permanently present external source of energy which could 
affect the Earth’s climate. It is well known that the eccentricity, axial tilt, and precession of the Earth's orbit 
lead to long-term (~100,000 year) variations in the total energy received from the Sun (Milankovich cycles), 
and respectively in the terrestrial temperature. On shorter time-scales, from decades to centuries, the reason 
for solar-induced changes in the Earth’s climate could be changes in the Sun itself. Our goal is to study the 
long-term variations in different manifestations of solar activity and their relation to global change. The 
most obvious solar parameter influencing the Earth’s climate is the solar irradiance. Direct measurements in 
the last 30 years have shown that the total solar irradiance (TSI) varies together with the number of sunspots 
in the 11-year solar cycles (e.g. Fröhlich C., Mem. Soc. Astron. Ital., 76, 731, 2005). However, the 
variations in the TSI measured in the last decades are much too small to account for the observed climate 
change. It is possible though that the TSI variations on longer time-scales may be much larger. As the TSI is 
proportional to the sunspot number, both being related to the Sun’s toroidal magnetic field, reconstructions 
of TSI since 1610 have been derived from the sunspot number records and based on comparisons between 
the Sun and Sun-like stars (Lean J. et al., Geophys. Res. Lett., 22 (23), 3195, 1995). Much larger variations 
than in the TSI are found in the short-wave part of the solar spectrum, the UV irradiance which doesn’t 
reach the Earth’s surface but is entirely absorbed in the Earth’s stratosphere. Though the power in this part 
of the spectrum is low, it determines the ozone composition in the stratosphere, influences the dynamics of 
the stratosphere and through it, the dynamics of the troposphere, and therefore weather and climate (Hood 
L.L., In: Pap J. and Fox P. (Eds.), Geophys. monograph 141, 283, AGU, Washington DC, USA, 2004; 
Haigh J.D., J. Atm. Solar-Terr. Phys., 61, 63, 1999). As UV irradiance is also related to the Sun’s toroidal 
magnetic field, its long-term variations can also be reconstructed from sunspot records (Lean J. L. et al., 
Astrophys. J. 492, 390, 1998). Both TSI and spectral solar irradiance are included in some climate models, 
and as both are proportional to the number of sunspots which has been recently decreasing while the global 
temperature keeps rising (Fig.1), the natural conclusion is that solar activity might have contributed to global 
warming until a few decades ago, but recently the main contribution comes from anthropogenic activity (e.g. 
Krivova N. A., Solanki S. K., Adv. Space Res., 34 (2), 361, 2004). However, solar irradiance is not the only 
solar activity factor influencing the Earth. The effects of solar activity on the Earth are most pronounced in 
geomagnetic activity.  In the plot of the annual geomagnetic aa-index (Mayaud, P. N., J. Geophys. Res., 77, 
6870, 1972) as a function of the annual sunspot number, all data points lie above a line  (Fig.2) – that is, for 
each level of sunspot activity, even for zero sunspots, there is some minimum value of geomagnetic activity 
which is caused by solar agents not related to sunspots. The equation of this minimum line indicates what 
part of the geomagnetic activity (aaT) is caused by sunspot-related solar activity or, in other words, by 
activity related to the solar toroidal field. The other part (aaP) is related to the solar poloidal field (Feynman 
J., JGR 87, 6153, 1982). The cyclic transformation of the solar poloidal field into toroidal field and of this 
toroidal field into the poloidal field of the next sunspot cycle with the opposite magnetic polarity is the basis 
of solar activity. The solar toroidal and poloidal fields are not independent as they are both manifestations of 
the solar magnetic activity, but their long-term variations are not identical. To evaluate the long-term 
variations in the geomagnetic activity related to the solar poloidal and toroidal fields, we calculate their 
“climatic norms” (Guttman, Bull. Am. Met. Soc., 70 (6), 602, 1989) - averages over 3 full decades with a 
step of 10 years (e.g., 1901-1930, 1911-1940, etc.). The long-term variations in aaT naturally are the same as 
in the sunspot number demonstrated in Fig.1 where the same averaging procedure was used. In Fig.3 the 
long-term variations in aaP are compared to the long-term variations in global temperature, and a very good 
correspondence between the two can be seen. The solar wind drags the poloidal field radially outward from 
the Sun. Its effect on climate is supposed to be through modulation of the cosmic rays flux which affects 
stratospheric ozone and small constituents (Veretenenko S.V., Pudovkin M.I., J. Atm. Solar-Terr. Phys., 61, 
521, 1999), and/or aerosol ionization (Marsh N., Svensmark H.,  Space Sci. Rev., 107 (1), 317, 2003), 
and/or the global electric circuit (Tinsley B.A. et al., Adv. Space Res., 40 (7), 1126, 2007), and finally the 
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transparency of the atmosphere. However, the mechanism is not quite clear, and is not included in any 
climate simulation models. Thus the influence of the possible solar drivers of global change related to the 
solar poloidal field is totally neglected in the present models, while their influence might be even more 
important that the drivers related to the solar toroidal field, as in the case of geomagnetic activity.  It is 
therefore possible that the role of the Sun in global change is much more important than recently accepted. 
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