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Is it possible to find a solar signature in the current climatic warming?
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Abstract

This paper investigates whether it is possible to find a solar signature in the current Earth’s climatic warming. The attempt seems
audacious as, on one hand, solar output variability on the atmosphere is far to be understood, and on the other hand, there is evidence
that most of the warming observed over the last 50 years can be attributed to human activities. However, series of the annual global
average temperature, from 1861 up to now are available, showing periods of warming and cooling that are statistically significant. From
recent findings, it is also known that solar irradiance shows a variability and can be modeled today with a good accuracy over the last
century. The idea was to compare the likelihood linear trends shown in the climatic data with those of the irradiance, during same well
defined time ranges. Changes from 1861 to 1975 show an unexpected remarkable correlation, whereas the period 1976–2000 completely
deviates from the previous analysis. The 1861–1975 set of data supports the suggestion of an influence of solar irradiance on global cli-
mate, which was checked as a natural forcing: the response is found to be k = 0.46 �C/W m�2, a quite reasonable value, bearing in mind
the imprecision in the irradiance modeling. This analysis is also discussed in the scope of other forcings and uncertainties in the data.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Sun and Earth form a complex dynamic system which
are linked through radiation, particles and magnetic fields.
In principle, a refined study of each component would lead
to a better understanding of the complete dynamics of cli-
matic changes. Things are unfortunately not so simple, and
the climate that we experience reflects the influence of dif-
ferent forcings, both natural and resulting from human
activities, as well as the couplings (and feedbacks) between
all terrestrial elements, oceans, stratosphere, polar caps,
etc.

If the ultimate goal is to predict climate variations, the
question today is to try to reduce uncertainties in the func-
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tioning of critical processes. Among them, and the only one
which will be discussed here is to try to retrieve a response
of the solar irradiance signal in the Earth climate
variability.

The Sun is one of the main dominant energy for source
for maintaining our climate. The Earth’s envelope absorbs
all radiations, from far UV to IR and the energy is redis-
tributed through the atmospheric and oceanic circulations,
then radiated back to space. To first order, and taking the
Earth as a whole, the annual incoming mean solar radia-
tion energy is balanced by the outgoing terrestrial one.
Any factor that alters the radiation received from the
Sun or lost back to space, alters the redistribution of energy
within the atmosphere, land and ocean, and thus can affect
the climate. That the solar irradiance, namely at UV wave-
lengths, exhibits significant variations may help in the
future to tackle the puzzle.

This paper deals mainly with this solar forcing, and the
main question which is addressed is the following: is it pos-
sible (or not) to find again a solar signature in the recent
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climatic warming? This question seems rather audacious as
it is known that the solar contribution is lower than others,
such as aerosols or volcanic effects. However, even if the
analysis is still rather crude, results obtained are sufficiently
remarkable to constitute a basis for future discussions.

The present analysis is focused only on the ‘‘instrumen-
tal period’’, since 1860, for which more reliable climate
data are available (temperature records for our purpose).
As far as the solar irradiance is concerned, changes are con-
tinuously monitored for now more than two solar cycles:
modeling is still in its infancy, but the total irradiance var-
iability can be reproduced at a �90% degree of confidence,
a value sufficient for our purpose.

In the first part of the paper we will indicate the choice
of our data; then we will identify co-temporal measure-
ments in order to deduce trends over independent periods.
The validity of the method will be checked and discussed in
the scope of other forcings and uncertainties.

2. Data description and analysis

2.1. Global temperature data

There are now long records of direct measurements of
various variables of the climate system. For example, mea-
surements of the surface temperature began around the
middle of the 19th century. Series have been compiled
and discussed in many papers (see for instance Jones
et al., 2001; Jones and Moberg, 2003; Folland et al.,
2001). We will use here only one, available since 1860,
which is a combination of land surface temperature data
and sea surface data coming from the CRU (Climatic
Research Unit of the University of East Anglia, UK) and
compiled by the Hadley center. These global near-surface
temperatures consist of annual differences from 1961 to
1990 normals and are based on regular measurements of
air temperature at land stations together with sea surface
temperatures measured from ships and buoys.1

The results can be briefly summarized as follows:
The global average surface temperature has increased by

approximatively 0.6 �C (±0.2 �C) over the last 150 years
(exactly 1856–2001). This account for a general trend of
0.042 �C per decade. Most of the increase has occurred in
two periods, one from about 1910 to 1945, and the other
since 1976. The global warming rate of 0.47 �C of ampli-
tude from 1910 up to 1945 (+0.13 �C per decade), is fol-
lowed by a ‘‘cooler’’ period from 1946 to 1975, of
amplitude of 0.05 �C only (�0.01 �C per decade). If this
period appears with a negative trend, the uncertainties
show that this decline remains faint. Then, a new warming
(not uniformly distributed over all the latitudes) occurred
from 1976 to 2001, of about 0.53 �C (+0.21 �C per decade).
Confidence in the order of magnitude of these global
1 See http://www.metoffice.com/research/hadleycentre/obsdata/global-
temperature.html or http://cdiac.esd.ornl.gov/trends/temp/jones.html
warming-cooling changes, since the last century, has
recently increased due to many new analyses.

2.2. Irradiance data

Regular space-borne measurements of solar irradiance
with sufficient accuracy started in 1978. A number of
instruments have been involved and the major fact was
the detection of a temporal variability which was not sus-
pected before. Even if the absolute values obtained by dif-
ferent means may differ, changes exhibit very similar
features. Critical reviews are made repeatedly (see for
instance Pap, 2003; Floyd, 2003 and numerous references
herein), in order to inspect the variability put in evidence
on different time scales, ranging from minutes to days
and years. The major fact is the intrinsic variability of
the total solar irradiance, in phase with the solar cycle, at
a level of around 3 per thousand (from higher to lower
points of the envelope) and around 0.1% from the maxi-
mum to the minimum of an averaged mean curve. A com-
posite of all available data was constructed by Fröhlich
(2004), covering a full solar cycle (number 22) and one half
each of solar cycles 21 and 23.

Unfortunately, this period is not sufficiently long to
search for signs of solar influence on climate. In this scope,
there is thus a need for an irradiance modeling and many
attempts have been made. The majority of the proposed
models are based on the changes of the surface magnetic
structures, mainly spots and faculae. Such proxies being
available since a long time, the models are able to repro-
duce irradiance back in time. Recently, other models have
been proposed, which lie upon the various components
that constitute the solar atmosphere (Fontenla et al.,
1999; Krivova et al., 2003; Willson and Mordinov, 2003).
Such models may well reproduce the observed irradiance
covering the present solar cycle 23, as we dispose of the
appropriate indicators, but cannot be used for reconstruct-
ing irradiance in the past for which such indicators are
unfortunately missing. Finally, other mechanisms have
been proposed to explain the irradiance variability, based
upon a non-magnetic origin or based on indirect connec-
tions, such as radius variations (Sofia and Li, 2001; Rozelot
et al., 2004). Global parameters can be used to calibrate a
solar model in which the 11-year solar irradiance modula-
tion is due to structural adjustments that modify the energy
flow from the interior to the surface and affect the entire
luminosity of the Sun. This proposal can be used to recon-
struct longer lived irradiance changes, for example over
several centuries.

Fig. 1 (after Lockwood, 2005) shows several types of
reconstruction, which are currently still debating. But in
spite of differences, they show over relatively long periods
of time, some similarities in the various trends. Our pur-
pose is not to discuss the validity of each proposed model
(although it is an interesting topic), but to use these high-
lighted trends. We used here the model proposed by
Solanki and Fligge (2001), which has the merit to
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Fig. 1. Several solar irradiance models. In spite of differences (mainly in
the absolute values), the different reconstructions show similarities in the
trends over well defined periods of time, such as (1860–1910), (1910–1945),
(1945–1975) and (1976–2000); this last sequence forms the original
‘‘kernel’’ for the reconstruction (Hoyt and Schatten, 1993; Lean et al.,
1995; Lean, 2000; Solanki and Fligge, 1999).

Fig. 3. Combined Land and Marine Temperatures trends versus the Solar
Irradiance trends. Diamonds: three independent periods of time: 1856–
1910, 1910–1945 and 1946–1975. The crossed squares represents (i) an
other independent set of data (1885–1940; 1941–1975) and (ii) two longer
(non-independent) segments (1856–1887; 1856–1975). The linear fit
obtained leads to a climatic sensitivity parameter of k = 0.46 �C/W m�2.
The square point is the estimate obtained for the 1976–2000 period of
time.
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reproduces the reconstructed interplanetary field with high
accuracy (Lockwood and Stamper, 1999).
3. Results and discussion

The analysis was first conducted over the following three
independent periods of time: 1856–1910, 1910–1945 and
1946–1975. An example is given in Fig. 2. The trends
obtained are given in Table 1 where the first line shows
the values obtained for the temperature data and the sec-
ond for the irradiance. A linear fit, as depicts in Fig. 3
(points represented by diamonds), gives a rather unex-
pected high correlation value of r = 0.98. It can be obvi-
ously objected that this may be fortuitous. The process
was thus repeated for an other set of independent period
Fig. 2. An example of trends obtained for the ranging time 1910–1945. Left
temperature records (TG in �C).

Table 1
Trends obtained for the temperature (first line, in �C/year) and irradiance dat

1856–1910 1910–1945 1945–1975 1885–1940

�0.008 0.0145 �0.006 0.045
�0.0106 0.0292 �0.0193 0.0176
of time, chosen in such a way that the trends in the temper-
atures are still significant: 1885–1940 and 1941–1975. At
last we added two other sets, 1856–1887, 1856–1975. The
linearity is still obtained.

The correlation found between the global temperature
trend and the solar irradiance trend (0.98) may appears
as very high as based only on three independent points.
The two other data sets yields respectively r = 0.77 and
r = 0.46. In order to check the cogency, we performed a
classical v2 test. The R.A. Fisher transformed correlations
(z) are respectively 2.559, 1.021 and 0.498 leading to
v2 = 4.35. This value having a probability P = 0.1 to be
exceeded by the simple effect of sampling fluctuations,
one can conclude that the correlations do not present
, within the irradiance modeling (TSI in W m�2), and (right), within the

a (second line, in W m�2), for different periods of time

1941–1975 1856–1887 1856–1975

�0.023 0.035 0.031
�0.016 �0.0218 0.0136



Table 2
Computed trends obtained from the combined temperature data in �C/
decade (second line), compared with those computed by the CRU
(Climatic Research Unit of University of East Anglia, UK) from the
LSAT data (first line)

1856–2000 1901–2000 1910–1945 1946–1975 1975–2000

0.05 ± 0.02 0.06 ± 0.02 0.11 ± 0.03 �0.01 ± 0.05 0.22 ± 0.08
0.042 ± 0.01 0.064 ± 0.01 0.145 ± 0.02 �0.006 ± 0.04 0.209 ± 0.01
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between them significant differences. The mean z value is
1.359, so that the mean correlation coefficient r can be esti-
mated as 0.88, still particularly noteworthy.

In order to check the validity of our results (second line
of Table 2), they were also compared with these obtained
by the CRU Global Land Surface Air Temperature
(LSAT) shown in the first line of this Table.

Comparing the trends, the 1861–1975 set of data sup-
ports the suggestion of an influence of solar irradiance on
global climate. The slope of the linear fit (2.625), converted
into a climatic sensitivity parameter (k) as defined by Cess
and Potter (1988) is

k ¼ DT s=DIrr ¼ 0:46 �C=W m�2

assuming a factor correction of 0.7 to take into account the
Earth’s average albedo and 0.25 to take into account its
sphericity. In one-dimensional models, k is a nearly invari-
ant parameter and is used as a powerful tool for obtaining
first order estimates of the relative climate impacts of differ-
ent perturbations. In three-dimensional models theory, the
effect of this parameter has been recently explored and the
results obtained so far show that this concept continues to
serve as a good estimator (Le Treut et al., 1998). Finally it
has been shown that response to individual forcings can be
linearly added to obtain the total response to the sum of
the forcings (Cox et al., 1995; Roeckner et al., 1994; Taylor
and Penner, 1994). Therefore, our value of k can be com-
pared with the value obtained by other means, which is
typically 0.5 �C/W m�2 (Ramanathan et al., 1989).

Inspection of Fig. 3 seems to suggests that at zero solar
irradiance trend, the temperature will respond by 0.03 �C,
which is just above the standard error as indicate in Table
2. This indicates that before the industrial era, other
anthropogenic forcings (implicitly contained in the temper-
ature data) such as sulfate aerosol or volcanic effects are
present and are significant. By contrast, the computed val-
ues obtained for the trends within the period of time 1976–
2000 fully deviates from the previous analysis: (irradiance
trend: �0.002 W m�2; temperature trend: +0.22 �C), indi-
cating a complete change in the forcing. If we normalize
the temperature trend to 100%, our analysis leads to a solar
forcing contribution during the last 25 years of no more
than 12% (as can be seen from the ratio 0.025/0.21 of
Fig. 3).

In a similar way, Solanki and Krivova (2003) estimated
the magnitude of the Sun’s influence on climate employing
an empirical approach and using three data sets: the total
and UV irradiance between 1856 and 1999 and the cosmic
rays flux between 1868 and 1999. These time series were
constructed by the authors, using direct measurements
wherever possible and reconstructions based on models
and proxies at earlier times; then, they were compared with
the climate record for the period 1856–1970. The solar
records were scaled such that statistically the solar contri-
bution to climate was as large as possible in the considered
period. Under this assumption the comparison was
repeated, but including the modern period 1970–1999.
Results show that since roughly 1970 the solar influence
on climate cannot have been dominant and cannot have
contributed more than 30% to the steep temperature
increase that has taken place since then. This value is obvi-
ously an upper bound, and thus, a bit higher than our own
estimate. Finally, it must be pointed out that a statistically
significant correlation between the annual surface air-tem-
perature and the geomagnetic activity indices has been also
reported by Valev (2001).

4. Conclusion

We have presented here observations that support the
suggestion that long-term changes in the solar irradiance
may influence the terrestrial climate. Using the one-dimen-
sional climate sensitivity parameter, we were able to find a
relatively good fitting between trends of the solar irradi-
ance and combined land-marine temperatures. The value
obtained of k = 0.46 �C/W m�2, is a quite reasonable
value, bearing in mind the imprecision in the irradiance
modeling. Results indicate also that since 1976, the influ-
ence of other forcings has almost certainly dominated over
direct influence of solar variability.

It can be debate whether increased cloudiness could
have an impact on the climate, a similar effect due to vol-
cano eruptions, and also, as recently shown by Marsh
and Svensmark (2000) how cosmic rays may influence this
cloudiness (Kristjansson et al., 2002). An other argument
against the suggestion of solar irradiance variabilities as
causes of climate changes is the question of the lack of
accuracy in the absolute values and the large uncertainties
which still occur in the reconstruction methods.

However, one point which deserves to be underlined
because it just becomes today to be understood is the large
UV variations in solar irradiance, more than twice in
amplitude than in other spectral ranges. We are aware of
the crudeness of the method presented here (but notewor-
thy), and we wonder if the response of the upper atmo-
sphere to the large UV variability could not be one
possible explanation. While visual and near IR radiation
is only moderately attenuated by the Earth’s atmosphere,
solar UV radiation below 300 nm is almost completely
absorbed in the upper atmosphere and stratosphere where
it significantly alters the chemical composition and dynam-
ical evolution of those layers, thus controlling the amount
of variability of the ozone concentration (Haigh, 1996).
This would have to be explored, on a more precise way
in a next future, when longer UV wavelength components
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in the irradiance would become available through satellite
data.
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