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Abstract5

Here we present three key pieces of empirical evidence for a solar origin of recent and pa-6

leoclimate global temperature change, caused by amplification of forcings over time by the7

accumulation of heat in the ocean. Firstly, variations in global temperature at all time scales8

are more correlated with the accumulated solar anomaly than with direct solar radiation. Sec-9

ondly, accumulated solar anomaly and sunspot count fits the global temperature from 1900,10

including the rapid increase in temperature since 1950, and the flat temperature since the turn11

of the century. The third, crucial piece of evidence is a 90◦ shift in the phase of the response of12

temperature to the 11 year solar cycle. These results, together with previous physical justifica-13

tions, show that the accumulation of solar anomaly is a viable explanation for climate change14

without recourse to changes in heat-trapping greenhouse gasses.15

1 Introduction16

Views on the contribution of the Sun to climate change throughout the Earth’s history remain17

unsettled. Some studies, using a variety of correlative methods, have found strong correlations of18

temperature with solar variability over a range of time scales [Douglass and Clader, 2002, Shaviv,19

2008, Scafetta and West, 2007, Scafetta, 2009, 2010]. Others studies find these correlations uncon-20

vincing, as known feedbacks do not provide sufficient amplification of the relatively small changes21

in solar brightness [Duffy et al., 2009, Lockwood and Fröhlich, 2008].22

Here we show three crucial tests of the conjecture that changes in solar irradiance above or23

below the mean solar irradiance are accumulated over time, amplifying the small, direct forcings24

as described in detail previously [Stockwell, 2011a,b], to produce the observed variations in global25

temperature. The accumulation model extends previous work on the mechanism of multi-decadal26

ocean oscillations [Stockwell and Cox, 2009a,b]. The model is consistent with energy balance models27

of the climate system with very long decay times Spencer and Braswell [2008], Stockwell and Cox28

[2009a] and has similar dynamics to such systems as the change in the level of surge tanks, RC29

electrical circuits and electronic integration amplifiers Stubberud et al. [1994].30
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As an example of the accumulative model, consider that without temperature-dependent losses,31

an increase of 0.1W/m2 for one year would accumulate 3.1x106 Joules of heat (31x106 sec in a Yr)32

to the ocean, heating the ocean mixed zone to 50m by 0.018K (4.2 J/gK). Note that while this33

would give an apparent climate sensitivity of 0.18K/Watt, the apparent sensitivity would increase34

to 1.8K/Watt after 10 years. The main difference between the model and the conventional view is35

that climate sensitivity is a rate of the form K/Watts/Yr, and not K/Watt. For heat to accumulate36

over long periods, the heat loss from the ocean must not be strongly temperature dependent.37

Thus, the accumulative model is consistent with the conventional assessment of high (or positive)38

water-vapor feedbacks (e.g. [Dessler, 2010]). Clearly, over longer periods the model could produce39

glacial/interglacial variations in global temperature.40

The parameters of the model are calculated by regressing the integral of the solar anomaly41

against the temperature, where the anomaly is calculated as the raw value minus the mean value42

of irradiance (or sunspot count) over a sufficiently long period of time.43

2 Key Evidence44

In an accumulation system the output is proportional to the integral of the input, not to the in-45

put itself. Therefore, an accumulation system can be recognized by a higher correlation with the46

cumulative sum of the input anomaly than with the non-accumulated direct input. The scatter-47

plots in Fig. 1 show the correlations of direct (red) and accumulated (black) solar irradiance over48

a range of datasets (Table 1): solar irradiance by Lean [Lean, 2001] against satellite-measured49

atmospheric (TTS - troposphere/stratosphere 10km peak response, TLT lower troposphere 2km50

peak response [Mears and Wentz, 2009]), surface data (HadCRUTv3GL [Jones et al., 1999]), and51

ocean heat content (OHC [Levitus et al., 2009]); the sun-spot record [Solanki et al., 2004] against a52

millennial temperature proxy (Moberg [Moberg et al., 2005]); and orbital variations in the South-53

ern hemisphere [Berger and Loutre, 1991] against the 8000 kYr year EPICA ice-core data [Jouzel54

et al., 2007]. With the exception of the upper atmosphere, TTS, discussed below, the correlation55

of cumulative solar irradiance with global temperature exceeds the direct relationship. Thus, the56

accumulation mechanism dominates the direct relationship at all time scales. All previous studies57

that have used a direct relationship (e.g. [Hegerl, 2003]) or short decay times (e.g. [Lockwood,58

2009]) have, therefore, underestimated the contribution of solar variation to global temperature.59

Fig. 2 shows two models of recent global temperature changes using cumulative solar irradiance60

and sun-spot counts. For clarity, the effects of stratospheric aerosols (from volcanic eruptions61

noted on the graph) on global temperature are omitted. The correlation of the cumulative models62

including stratospheric aerosols exceeds the direct correlation (R2=0.65 vs. 0.03 for sunspots and63

0.51 vs. 0.23 for irradiance respectively). The higher correlation of sun-spot data over the solar64

irradiance may be due to greater accuracy and less uncertainty of the mean value. The fit of the65

model deteriorates in the early 20th century where the data is more uncertain.66

Note that in Fig. 2, the peaks of the cumulative model lag the peaks of solar irradiance, and67

match the peaks of global temperature. This suggests a third, crucial test of the accumulation68

theory. If the periodic forcing were a sine wave, then the integrated response will continue rising69

until the forcing crosses from positive to negative, thus shifting the peak exactly 90◦. This is shown70

by the following, basic relationships:71

2



∫
sin(t)dt = −cos(t) = sin(t + π

2 )72

Fig. 3 shows the phase shift using the cross-correlation (the function ccf in the statistical73

language R [R Development Core Team, 2008]) of solar insolation with global temperature series.74

By examination of the figure, the observed phase shift matches the expected shift of 2.75 years,75

one quarter of the average 11 year solar cycle, on all series except the global land temperature.76

This indicates the ocean is the accumulator of solar anomaly, and the land-based series is subject77

to other, or confounding factors.78

The conventional theory of climate change attributes shifts (or lags) to the interaction of the79

’thermal inertia’ of bodies with specific feedbacks such as water vapor, greenhouse gasses, albedo,80

etc. As free parameters, the duration of the lag is also free in the conventional theory – contingent81

on the specific situation. The exact value of the lag is predicted by the accumulation theory,82

however, and observed in real data with an extremely small probability of coincidence.83

3 Discussion84

In the view of the accumulative theory, Earth’s climate system is not chaotic. These results show85

that robust relationships emerge when the accumulative structure of the system is properly con-86

sidered. The difficulty arises because small, but persistent solar anomalies can produce trending87

behaviour almost indistinguishable from a random walk, and are prone to spurious correlation. An-88

alytical difficulties arise in two main way. Firstly, errors accumulate along with the accumulation89

of solar anomaly, leading to sensitivity to the equilibrium value. Secondly, the accumulated heat90

is not correlated with the direct forcing over time, even though completely determined by it, so91

leading to the presumption of low solar influence. This is an example of the pitfalls of analysing a92

dynamic system without the benefit of a correct dynamic model.93

If the system is so sensitive to solar forcing, why then is the putative large forcing from green-94

house gas accumulation (GHGs) since 1950 not strongly evident? While the accumulation theory is95

not yet sufficiently advanced to answer this question conclusively, the theory predicts GHGs forcing96

anomaly will be greatest in the non-accumulative upper atmosphere [Stockwell, 2011a,b], (see TTS97

in Fig. 1), and so subject due to greater losses than solar anomaly incident on the accumulative98

ocean mixed layer. General circulation models (GCMs) show very low responses to solar anomaly99

[Stott et al., 2003] and large responses to GHGs. However, correction of the known deficiencies100

and errors in the ocean mixing parameters [Wigley, 2005, Douglass et al., 2006] that exaggerate101

net anthropogenic forcing [Hansen et al., 2011] should ultimately lead to a reconciliation.102

References103

A. Berger and M.F. Loutre. Insolation values for the climate of the last 10 million years. Quaternary104

Science Reviews, 10(4):297–317, January 1991. ISSN 02773791. doi: 10.1016/0277-3791(91)105

90033-Q. URL http://adsabs.harvard.edu/abs/1991QSRv...10..297B.106

A E Dessler. A determination of the cloud feedback from climate variations over the past decade.107

Science (New York, N.Y.), 330(6010):1523–7, December 2010. ISSN 1095-9203. doi: 10.1126/108

science.1192546. URL http://www.sciencemag.org/content/330/6010/1523.abstract.109

3

http://adsabs.harvard.edu/abs/1991QSRv...10..297B
http://www.sciencemag.org/content/330/6010/1523.abstract


D. H. Douglass, R. S. Knox, B. D. Pearson, and a. Clark. Thermocline flux exchange during110

the Pinatubo event. Geophysical Research Letters, 33(19):1–5, October 2006. ISSN 0094-8276.111

doi: 10.1029/2006GL026355. URL http://www.agu.org/pubs/crossref/2006/2006GL026355.112

shtml.113

David H Douglass and B David Clader. Climate sensitivity of the Earth to solar irradiance. Geophys.114

Res. Lett., 29, 2002. URL http://dx.doi.org/10.1029/2002GL015345.115

Phillip B. Duffy, Benjamin D. Santer, and Tom M.L. Wigley. Solar variability does not explain116

late-20th-century warming. Physics Today, 62(1), 2009. URL http://dx.doi.org/10.1063/1.117

3074263.118

James Hansen, Makiko Sato, Pushker Kharecha, and Karina von Schuckmann. Earth’s Energy119

Imbalance and Implications. eprint arXiv:1105.1140, page 52, May 2011. URL http://arxiv.120

org/abs/1105.1140.121

Gabriele C. Hegerl. Detection of volcanic, solar and greenhouse gas signals in paleo-reconstructions122

of Northern Hemispheric temperature. Geophysical Research Letters, 30(5):46–1, 2003. ISSN123

0094-8276. doi: 10.1029/2002GL016635. URL http://adsabs.harvard.edu/abs/2003GeoRL.124

.30.1242H.125

P D Jones, M New, D E Parker, S Martin, and I G Rigor. Surface air temperature and its variations126

over the last 150 years. Reviews of Geophysics, 37:137–199, 1999.127

J Jouzel, V Masson-Delmotte, O Cattani, G Dreyfus, S Falourd, G Hoffmann, B Minster, J Nouet,128

J M Barnola, J Chappellaz, H Fischer, J C Gallet, S Johnsen, M Leuenberger, L Loulergue,129

D Luethi, H Oerter, F Parrenin, G Raisbeck, D Raynaud, A Schilt, J Schwander, E Selmo,130

R Souchez, R Spahni, B Stauffer, J P Steffensen, B Stenni, T F Stocker, J L Tison, M Werner,131

and E W Wolff. Orbital and millennial Antarctic climate variability over the past 800,000 years.132

Science (New York, N.Y.), 317(5839):793–6, August 2007. ISSN 1095-9203. doi: 10.1126/science.133

1141038. URL http://www.sciencemag.org/content/317/5839/793.abstract.134

J. L. Lean. Solar irradiance and climate forcing in the near future. Geophysical Research Letters,135

28(21):4119, 2001. ISSN 0094-8276. doi: 10.1029/2001GL013969. URL http://www.agu.org/136

pubs/crossref/2001/2001GL013969.shtml.137

S. Levitus, J. I. Antonov, T. P. Boyer, R. A. Locarnini, H. E. Garcia, and A. V. Mishonov. Global138
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R2 Direct R2 Integ
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EPICA 0.00 0.03

Table 1: Direct correlation of temperature indices with solar insolation (R2 Direct) and with the
cumulative sum of the insolation anomaly (R2 Integ) over data-sets from the annual to million year
time scales.
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Figure 1: Correlation of global temperature with the cumulative sum of solar insolation (black)
exceeds direct solar radiation (black) over the decadal (TTS, TLT), hundred (HadCRU, OHC),
thousand (Moberg), and million (EPICA) year time scales.
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Figure 2: Regression of HadCRUTv3GL with cumulative solar intensity (blue) and (red) strato-
sphere aerosol (volcanic) anomalies. The direct solar irradiance and sunspot count data is plotted
below.
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Figure 3: Cross-correlation of detrended global temperature datasets with solar insolation shows a
90◦ phase shift, as predicted by the accumulation theory.
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