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[1] By projecting surface temperature data (1959-2004)
onto the spatial structure obtained objectively from the
composite mean difference between solar max and solar min
years, we obtain a global warming signal of almost 0.2°K
attributable to the 11-year solar cycle. The statistical
significance of such a globally coherent solar response at
the surface is established for the first time. Citation: Camp,
C. D., and K. K. Tung (2007), Surface warming by the solar cycle
as revealed by the composite mean difference projection,
Geophys. Res. Lett., 34, 114703, doi:10.1029/2007GL030207.

1. Introduction

[2] Because of the variations of sunspots and faculae on
the sun’s surface, the total solar irradiance (TSI), also called
the solar constant, varies on a roughly ll-year cycle by
about 0.07%, which has been measured by orbiting satellites
since 1978 [Lean, 1987, 1991; Wilson et al., 1981]. The
change in the solar constant amounts to about 0.90 Wm >
for the last three cycles. There have been thousands of
reports over two hundred years of regional climate
responses to the 11-year variations of solar radiation,
ranging from cycles of Nile River flows, African droughts,
to temperature measurements at various selected stations,
but a coherent global signal at the surface has not yet been
established statistically [Hoyt and Schatten, 1997; Pittock,
1978]. Since the forcing is global, theoretically one should
expect a global-scale response. When globally and annually
averaged and detrended, but otherwise unprocessed, the
surface air temperature since 1959 (when modern rawin-
sonde network was established) is seen in Figure 1 to have
an interannual variation of about 0.2°K, somewhat posi-
tively correlated with the solar cycle, although the signal
also contains a higher frequency (of 3—5 year period)
variation of comparable magnitude, possibly due to
El Niflo-Southern Oscillation (ENSO). What is surprising
is that a solar-cycle signal is already apparent in this “raw”
data. An isospectral Monte-Carlo test shows that the corre-
lation coefficient, p = 0.47, between the global temperature
and the TSI is statistically significant at 98.4% confidence
level. This is obtained without any filtering of the global
mean signal, and gives confidence that the solar signal is not
an artifact of our filtering to be presented below. The ““solar
cycle signal” obtained by regressing the global mean
temperature onto the TSI time series yields the regression
coefficient of £ =0.18 + 0.10°K per Wm 2 of solar constant
variation, suggesting a mean global warming of ~0.16°K
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from solar min to solar max. Next we will use a spatial filter
to obtain a cleaner solar-cycle signal.

2. Composite Mean Difference (CMD) Projection
2.1. Spatial Pattern

[3] One powerful approach is to take advantage of the
spatial characteristics of the solar-cycle response. One
intuitive way to obtain the spatial pattern is to use the
difference of the solar-max composite and the solar-min
composite. Figure 2a shows the meridional pattern of the
composite-mean difference for the zonal-mean, annual-
mean air temperature at the surface using the global dataset
of NCEP [Kalnay et al., 1996], linearly detrended to remove
the secular global-warming signal. Composite differences
have often been used to deduce the pattern of solar-cycle
response [Labitzke et al., 2002]. However, the difficulty lies
in verifying the statistical significance of the pattern gener-
ated by this method; since even with an arbitrary partition
into any two groups, there is always a difference pattern.
Here we employ an additional step of projecting our original
detrended data onto this spatial pattern, in effect using it as a
spatial filter, and generating a time series, shown in
Figure 2c. It is seen that this procedure effectively filters
out the higher-frequency variability, since presumably the
latter has a different spatial pattern. The filtered tempera-
ture time series now has a much higher correlation with
the solar TSI index, with a higher correlation coefficient of
p = 0.64 but the same (mean) regression amplitude of xk =
0.18 + 0.08°K per Wm 2, although with a 20% smaller
error bar.

2.2. Statistical Significance

[4] We can now test the statistical significance of our
“solar-cycle signal” by asking what the likelihood is that
the observed correlation, p = 0.64, could be obtained
randomly. We address this question (the answer: 0.2%)
using a bootstrap Monte-Carlo test, which randomly assigns
years, with replacement, to the two groups; the result is
shown in Figure 2b. It establishes that the observed corre-
lation of the spatially filtered surface temperature with the
I1-year solar cycle is statistically significant at 99.8%
confidence level. This is the first time a coherent global
pattern of response to solar cycles has been shown to be
statistically significant (see the critique of Coughlin and
Tung [2006] on the spatial pattern of Gleisner and Thejll
[2003] obtained through correlation coefficients).

[s] Early estimates of the solar-cycle response were
obtained using model-generated ‘“‘optimal space-time
filter’[Stevens and North, 1996], whose pattern is small
over the poles as compared to the tropics. This, and a
shorter time record, may be the reason for the smaller
global-mean surface temperature obtained, about 0.06 K.
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