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ABSTRACT

Optimal space—time signal processing is used to infer the amplitude of the large-scale, near-surface temper-
ature response to the *‘11 year'’ solar cycle. The estimation procedure involves the following steps. 1) By
correlating 14 years of monthly total solar irradiance measurements made by the Nimbus-7 satellite and monthly
Wolf sunspot numbers, a monthly solar irradiance forcing function is constructed for the years 1894—-1993. 2)
Using this forcing function, a space—time wuveform of the climate response for the same 100 years is generated
from an energy balance climate model. 3) The space—time covariance statistics in the frequency band (16.67
yr)~'~(7.14 yr)~" are calculated using contro} runs from two different coupled ocean--atmosphere global cli-
mate models. 4) Using the results from the last two steps, an optimal filter is constructed and applied to observed
surface temperature data for the years 1894-1993. 5) An estimate of the ratio of the real climate response,
contained in the observed data, and the model generated climate response from step 2 is given, as well as an
estimate of its uncertainty. A number of consistency checks are presented, such as using data from different
regions of the earth to calculate this ratio and using data lagged up to =5 yr. Our findings allow us to reject the
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null hypothesis, that no response to the solar cycle is present in the data, at a confidence level of 97.4%.

1. Introduction

Global climate models are developed to simulate the
climate system on timescales from months to decades
and centuries. A major test of these models is their
ability to simulate the seasonal cycle of surface tem-
perature. Currently, beyond the timescale of 1 yr, there
are no known natural examples of periodic forcing that
could be used to test the long-term response of these
models. The eruption of Mount Pinatubo in 1991 pre-
sented a natural experiment to test how well global cli-
mate models simulate the climate response to an im-
pulse forcing. The models did fairly well at reproducing
the effects of the additional aerosol forcing on the cli-
mate system (Hansen et al. 1992). This was encour-
aging to climate modelers, although not unexpected
since the models are tuned to reproduce the seasonal
cycle and could be expected to do well on timescales
of several years. An important use of global climate
models is to attempt to predict the response the climate
will have to a doubling of the CO, concentration in the
atmosphere. However, this response is on the timescale
of decades to centuries, well beyond the timescale of
any known test of the models. If a periodic forcing of
the climate system on the decadal timescale could be
found, it could bring added confidence in the ability of
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these models to predict the near-term climatic effects
of the increase in atmospheric greenhouse gases. In this
paper, we present an estimate of the response of the
climate system to just such a forcing on the decadal
timescale.

In 1843, the German amateur astronomer Heinrich
Schwabe discovered an approximately 10-yr cycle in
the number of dark spots visible on the sun’s surface
(Schwabe 1844). Since that time, many people have
tried to correlate this cycle of sunspot numbers with
various measurements of the earth’s climate, especially
with the surface temperature. For many years it was
believed that the total radiative output of the sun de-
creased as the number of sunspots increased. This was
reasoned to occur because the sunspots are cooler than
their surroundings and hence would radiate less energy.
However, it is now known that the radiative output of
the sun actually increases with the sunspot number.
This increase in total solar irradiance is due to the pres-
ence of areas of greater radiative output, known as fac-
ulae, which accompany the sunspots. The net output
change is very small, but has been measured by sensors
on several research satellites over the past 16 years. The
amplitude (half the range) of this solar cycle of irra-
diance is approximately 0.6 W m~2 (Willson and Hud-
son 1991; Lee et al. 1995). However, the measure-
ments only span one and one-half solar cycles, so the
long-term variation of the solar irradiance is still un-
resolved.

The response of the climate system to such a small
perturbation is most likely to also be very small. Esti-






