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Executive Summary

There is sufficient evidence to question the Intergovernmental Panel on Climate 
Change’s (IPCC) view that global warming in the industrial era is dominated by 
anthropogenic factors, particularly greenhouse gas emissions.

The IPCC’s view framed the discussions at the recent UN Climate Change Conference, 
the 26th Conference of the Parties (COP26), in Glasgow, which sought commitments 
to net-zero emissions globally by 2050 in order to limit temperature increase to 
1.5°C above pre-industrial levels. However, if the contribution of greenhouse gases 
to recent temperature increases is only 50% or less than the IPCC estimates, then the 
effectiveness of cutting emissions on temperatures will be correspondingly less. It is 
important to review the size of the claimed impact on temperature, because the amount 
of money contemplated at COP26 to achieve net zero runs into the hundreds of billions 
and even trillions of dollars.

It would have been more reasonable for the assembled nations to recognise that 
climate change is a continuing natural phenomenon with persistent cycles, and that 
humans have experienced and survived climate change in the past, for example during 
the Little Ice Age (LIA) and the Medieval Warm Period (MWP).

One source of natural variability is the direct influence of the Sun, as measured by 
total solar irradiance (TSI). This paper also explores a further, indirect, influence of the 
Sun – that arising from its ability to temper the impact of cosmic rays – which in turn 
influences temperature via cloud formation.

Analysis was undertaken to model oscillations in temperature series based on the 
temperature series in pre-industrial times (<1880 AD), with the projections produced 
by the model (after 1880 AD) closely tracking observed temperature changes. 
In the composite temperature series that is modelled, a long oscillatory cycle of 
approximately 1,000 years dominates the variation. Further analysis conducted by 
the author, and presented here, suggests that both direct and indirect influences of 
solar activity (TSI and cosmic rays, respectively) can explain this variation, and both, 
therefore, diminish the estimated amount of temperature variation attributable to 
anthropogenic causes.

The conclusion of COP26 involved developing several versions of the final agreement 
in the last days of the conference in order to get the consensus of nearly 200 countries. 
The actual contribution of humans (rather than cyclic phenomena) bears directly on a 
key point of contention, the issue of accountability for climate change and the need 
for greater amounts of “climate finance” from the developing world. The developing 
countries arguing that developed nations, whose historical emissions are largely 
assumed to be responsible for global warming, must pay more to help them adapt 
to its consequences, and possibly pay compensation for loss and damage sustained. 
Within this framework of consideration of liability, it is vital to quantify the relative 
contributions made from anthropogenic and natural causes.
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Background

COP26 was held in Glasgow in November. Issues of liability and consequential 
payments of financial compensation from developed counties to less developed 
countries, based on attribution of their assumed contributions to global warming, were 
an important focus of the conference. This is based on the loss and damage assumed 
to have been caused by climate change, or is anticipated will occur in the coming 
decades. However, a reasonable assessment of this requires a careful scrutiny of the 
certainty of causal attribution of the assessments presented by the IPCC.

The United Nations Climate Change website1 helpfully summarises the official framework, 
setting out key points under the heading, “Science: why is there a need to act?”:

• The international climate regime is built upon a clear understanding of the threats 
posed by, and the causes of climate change. More than a century and a half 
of industrialization, along with the clear-felling of forests and certain farming 
methods, has led to increased quantities of greenhouse gases (GHGs) in the 
atmosphere. There are some basic well-established scientific links:

• The average global temperature on Earth is directly linked to the concentration 
of GHGs in the Earth’s atmosphere

• The concentration of GHGs has been rising steadily since the time of the 
Industrial Revolution because of human activity, primarily the burning of fossil 
fuels and changes in and use, leading to increasing global temperatures

• Urgent action is needed to reduce greenhouse gas emissions, enhance sinks and 
to adapt to the impacts of climate change.

The 6th IPCC Report – Summary for Policymakers 20212 states:

The likely range of total human-caused global surface temperature increase 
from 1850–1900 to 2010–2019 is 0.8°C to 1.3°C, with a best estimate of 
1.07°C. It is likely that well-mixed GHGs contributed a warming of 1.0°C to 
2.0°C, other human drivers (principally aerosols) contributed a cooling of 
0.0°C to 0.8°C, natural drivers changed global surface temperature by  
–0.1°C to 0.1°C, and internal variability changed it by –0.2°C to 0.2°C.

Deliberations at COP26 followed the IPCC line that global warming during the 
industrial era has been caused principally by human GHG emissions, with only a 
very small contribution from natural influences. According to the IPCC, there is an 
assumed consensus within the scientific community regarding the cause of warming, 
and consequently there is now an urgency to limit the impacts of the climate crisis, 
particularly through the reduction or elimination of the use of fossil fuels.

My previous IPA report in this series3 How the IPCC Buries Evidence of the Sun’s Climate 
Influence examined some of the evidence relied on by the IPCC, particularly regarding 
the notion that a consensus existed among scientists regarding the causation of global 
warming and also the possibility that natural causes, particularly those associated with 
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solar activity, were under-estimated. That report discussed solar activity measured in 
terms of TSI, which is defined by the online Science Encyclopedia as “the amount of 
radiant energy emitted by the Sun over all wavelengths that fall each second on 1m2 
outside the Earth’s atmosphere”. (The concept is further discussed in a later section.)

The scientific literature reveals that there is considerable ongoing controversy regarding 
the magnitude and trends in TSI during recent decades.4 Several significantly varying 
composite data sets have been published showing different trends in TSI since the late 
1970s; these data sets can be categorised as low variability and high variability.4

Low variability TSI data sets are favoured by the IPCC and are used to justify the 
conclusion that the solar contribution to global warming in recent decades is minimal. In 
contrast, consideration of high TSI variability data sets would suggest a more significant 
contribution from solar influences and may also provide some explanation for past 
oscillations in temperatures relating to the MWP and LIA, but these TSI data sets are 
essentially ignored by the IPCC. In this report, we look in more detail at galactic cosmic 
rays that are modulated by solar activity and are believed to have strong links with 
cloud formation. These could thereby potentially provide another mechanism by which 
solar activity influences climate and may act in tandem with changes in TSI.

This report examines the existence of natural cycles or oscillations in both climatic and 
solar phenomena that can potentially assist in establishing linkages between natural 
phenomena.5, 6 These natural cycles could also suggest that less emphasis should be 
placed on anthropogenic causation of climate change, with greater recognition given 
to natural influences. We start with an analysis of proxy temperature records for the past 
2,000 years for the Northern Hemisphere. We then illustrate how these records can be 
decomposed into sets of oscillations, on millennial, centennial and decadal timescales, 
the composite of which, when recombined, provides a good representation of the 
original temperature record.6 This has several important ramifications. One is the fact that 
there are also identified natural cycles of solar activity on these time scales and there are 
strong reasons to think that there are linkages between cyclical climatic and solar activity.

Temperatures from the past 2,000 years can be modelled – using artificial neural 
networks (ANNs) – as the composite of a set of cycles, with the model then used to 
generate forecasts of temperature.5, 6 In the case detailed in this paper (see below), proxy 
temperature data up to 1880 AD (more or less the pre-industrial era) was used to generate 
the set of cycles and the composite temperature series, which was then projected forwards 
into the industrial era based on the established patterns contained within the composite.

This provides a plausible representation of temperature changes that would have 
naturally occurred in the absence of human-caused influences during the period 
from 1880 AD to the present. This can enable a possible quantification of the relative 
contributions of natural and anthropogenic warming in recent decades. Application of 
this approach strongly suggests that natural cycles have been a significant influence on 
increasing temperatures since the LIA, extending from the industrial era through to the 
present, and that it is most likely associated with variations in solar activity.
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Temperature records in the Holocene

Instrumental temperature records using thermometers are limited to about the past 
200 years at best, with that extended period only available for a few European 
locations.7–9 Various proxies have been used to extend temperature records back 
throughout the Holocene (the past 12,000 years), based on information from a range 
of different sources including tree rings, ice cores, speleothems (stalagmites and 
stalactites found in caves), corals, marine sediments, lake sediments and historical 
documents.10 Proxy temperature records have been extensively reported at local, 
regional, continental, hemispheric and global scales.11,12

Hundreds of proxy temperature records have been reported in the scientific literature, 
the majority within the Holocene period that extends over the past 12,000 years. Eight 
multiproxy records for the Northern Hemisphere6 are considered here, each extending 
back over a period of at least 1,000 years. Each of these multiproxy temperature 
records were compiled in different published studies by combining 10–30 published 
proxy temperature records corresponding to different regions in the Northern 
Hemisphere and incorporating various types of proxy record. The data for eight 
published Northern Hemisphere temperature proxy reconstructions were obtained 
from the NOAA database.13

Examples of Northern Hemisphere proxy temperature profiles are illustrated in Figures 
1 and 2 corresponding to the blue lines. Figure 1 is the proxy temperature record from 
Ljungqvist12 over the past 2,000 years. This shows how temperatures have oscillated, 
with major peaks during the Roman Warm Period (RWP) and the MWP, and major 
troughs during the LIA and the Dark Ages (DA). Temperatures have generally risen over 
the past 300 years, rising from the minimum during the LIA, at about 1700 AD, and 
continue to rise during the Current Warm Period (CWP) that includes the industrial era 
from about 1880 AD.

The proxy record from Ljungqvist12 shown in Figure 1 has been constructed from 30 
individual proxy records for extra-tropical locations within the Northern Hemisphere. 
The locations include regions of Canada, Iceland, Siberia, Greenland, Sweden, Alaska, 
Switzerland, Japan, and eastern USA. Proxy types included tree rings, marine sediments, 
lake sediments, speleothems and ice cores. Temperatures recorded by about 2000 AD 
during the CWP are below the highest temperatures reached during the MWP.
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Figure 1: Proxy temperature profile using results from Ljungqvist12 (blue line) 
and ANN output (red line) using sine-wave set from spectral analysis as input 
to ANN, with data prior to 1880 AD used for training. 
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Figure 2 illustrates another proxy temperature record from Crowley and Lowery,14 
which corresponds to the past 1,000 years and shows the rise in temperatures 
from the LIA with a minimum around 1700 AD into the CWP. This proxy record is 
representative of what has been called “the (ice-) hockey stick” showing a general 
decline in temperatures from 1000 AD towards the minimum during the LIA, followed 
by a more rapid rise in temperature into the CWP. There is no clearly defined maximum 
corresponding to the MWP, while temperatures from around 2000 AD exceed those 
recorded during the previous 1,000 years. However, as discussed below, irrespective 
of whether a proxy temperature profile has a clearly defined MWP, or has a hockey 
stick profile, the temperature profiles can each be represented by a set of oscillations.
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Figure 2: Proxy temperature profile using results from Crowley and Lowery14 
(blue line). and ANN output (red line) using sine-wave set from spectral 
analysis as input to ANN, with data prior to 1880 AD used for training. 
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The red lines in Figures 1 and 2 show that simulations that are based on the cycles 
present in the proxy records up to 1880 AD, and subsequently used to forecast into 
the industrial era, show upward trends during the past century. These simulations and 
associated forecasts are discussed in greater detail in the sections below.
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Millennial, centennial, and decadal 
oscillations in proxy temperature records

Although barely acknowledged in IPCC Assessment Reports, proxy temperature 
reconstructions displaying oscillatory (or cyclic) patterns within the temperature profiles 
have received some attention in the scientific literature. A number of studies have found 
evidence for oscillations in proxy records at millennial, centennial and decadal time 
scales by applying spectral analysis.15 It has been suggested that some published 
proxy temperature records may not include lower frequency oscillations, particularly 
millennial, because certain types of proxy (particularly tree rings) do not capture this 
adequately compared to other proxies, such as ice cores. It is therefore important to 
consider records derived from a variety of proxy types in order to identify the range 
of time-scale oscillations that may be present. Identification of oscillatory patterns in 
temperature records is potentially useful in understanding linkages with solar activity, 
also known to exhibit oscillatory behaviour on similar time scales.

Each of the eight Northern Hemisphere proxy records6 considered here were 
decomposed by me into sets of sine waves using AutoSignal software, such that when 
recombined they gave the best simulation of the original temperature record. By 
adjustment of periodicities, phase and power of the identified sine-wave oscillatory 
components, the software optimises simulations of the original proxy signal using a 
defined number of component sine waves. This enables comparison of the periodicities of 
the main contributing sine waves (oscillations) present in each proxy temperature record.

Table 1 shows the low-frequency oscillatory components (millennial and centennial) that 
make the major contribution to each of the eight composite proxy temperature records 
examined. Decadal oscillatory components make relatively minor contributions.6 
In each case, there is a millennial frequency component falling within the range of 
978–1,306 years; in six cases, this millennial component is the dominant component 
identified, accounting for between 44% and 73% of the total oscillatory power.



9 Institute of Public Affairs www.ipa.org.au

Table 1: Millennial and centennial oscillations in Northern Hemisphere proxy 
temperature records obtained using spectral analysis of data up to 1880 AD 
(the pre-industrial period) from Abbot.6

Authors
Period of 
record 
(AD)

Proxy types included
Millennial 

periodicity 
(years)

Centennial 
periodicity 

(years)
Ljungqvist12 0–1999 Extra-tropical historical 

documentary records, 
seafloor sediment records, 
lake sediment records, 
speleothem records, 
ice-core records, varved 
thickness sediment records, 
tree-ring width and 
maximum latewood density 
records

1,230 383. 149, 
128, 106

Moberg et al.16 1–1979 Tree rings, lake and ocean 
sediments

1,223 380, 183, 
126, 106

Christiansen 
and Ljungqvist17

1–1973 Extra-tropical proxies that 
reach back to at least 
300 AD

978 485, 438, 
190

Crowley and 
Lowery14

1000–1993 Tree rings, ice cores, 
pollen, historical documents

1,027 538, 194, 
171

Mann et al.18 1000–1980 Tree rings 1,306 211, 119
Jones et al.19 1000–1991 Tree rings, ice cores, corals, 

historical documents
990 143

Esper et al.20 831–1992 Tree-ring chronologies 1,173 460, 192, 
113

Schneider et 
al.21

600–2002 Mid-latitude summer 
temperatures based on a 
wood density network

1,172 537, 271, 
187, 175

These results are in good agreement with a study18 reporting a harmonic analysis of 
worldwide temperature proxies for 2,000 years, incorporating six previous global 
proxy temperature records. This showed the strongest components as sine waves with 
periodicities of ~1,000 years, ~460 years, and ~190 years, whereas other oscillations 
of the individual proxies are considerably weaker.

Another investigation22 undertook an analysis showing the dominant periodic 
variations of 1,130, 790–770, 560 and 390–360 years for Greenland ice-core 
records extending over a period of 4,000 years. Periodicities of ∼1,000, 521 and 
208 years have been found in Antarctic ice-core records23, while studies of European 
lake sediments24 reported the influences of millennial (1,500, 1,000 years), centennial 
(500, 208, 120 years) and decadal (80 years) cycles.
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Figure 3 shows the dominant millennial sine-wave component from my spectral analysis 
of the proxy temperature profiles produced by Lungqvist12 (blue) and by Crowley and 
Lowery14 (red). It is evident that these two sine waves have similar periodicities (1,027 and 
1,230 years respectively), very similar amplitudes, and closely corresponding phase.

Figure 3: Millennial sine-wave component from decomposition of proxy 
temperature records from Crowley and Lowery14 (red) and Lungqvist12 (blue).
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Table 2 shows other examples of millennial-scale periodicities reported from published 
studies of proxy temperature records other than Northern Hemisphere composites, 
including regional areas as well as a global composite. Accordingly, there is strong 
evidence that cycles with millennial-scale periodicities are broadly distributed over the 
whole climatic system during the Holocene.69, 70

Table 2: Millennial oscillations in various Holocene proxy temperature records

Location Millennial Periodicity (years)
Greenland ice sheet25 1,486, 1,571
Global multiproxy (non-tree ring)26 1,681
Sea surface temperature27 1,408
Central Europe speleothem28 1,479
Japanese cedar tree rings29 1,230
Surface subpolar North Atlantic30 1,527
Subpolar North Atlantic31 1,200
Indo-Pacific sea-surface temperature32 1,067
Antarctic ice cores23 ~1,000
Greenland ice cores22 1,130
European lake sediment24 ~1,000
Western Mediterranean multiproxy study33 1,430
Global15 ~1,000



11 Institute of Public Affairs www.ipa.org.au

Figure 4 shows the individual millennial, centennial and decadal sine-wave 
components for the Ljungqvist proxy temperature reconstruction. It is clear that the 
millennial signal is the dominant oscillation, having the largest amplitude, with the 
individual centennial and decadal oscillations making smaller contributions.

Figure 4: Sine-wave components for proxy temperature record from Ljungqvist12 
showing dominant millennial sine wave (blue) with individual centennial and 
decadal sine waves.6
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The present study shows the occurrence of centennial and multi-centennial oscillations for all 
eight proxy records examined in the range 106 to 538 years (Table 2). Many other studies 
have also reported centennial scale periodicities in temperature records. For example, 
periodicities of 208 and 521 years have been identified in Antarctic ice-core records.23 
European lake sediments24 show the influences of 120–, 208– and 500–year cycles, 
while the influence of an ~200–year cycle on climate variations has been identified using 
results from the Central Asian Mountains34 and cycles of 800, 199, and 110 years have 
been found in the tree rings of the Tibetan Plateau for the past 2,485 years.35
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Solar oscillations and effects on climate

The presence of oscillations in proxy temperature records leads to the question of what 
could cause this characteristic. Oscillations in temperature records over periods of 
thousands of years prior to the industrial era suggest that they are caused by natural 
phenomena, and we would anticipate that these natural cycles would also continue 
influencing temperatures into the industrial era, in combination with any human-caused 
influences, such as may be attributed to greenhouse gas emissions.

An obvious potential natural causation of oscillations in climatic phenomena is the 
influence of the Sun. There is evidence for oscillations in solar activity over a wide 
range of time scales including millennial, centennial and decadal.

At the millennial time scale there is strong evidence for solar cycles with periodicities 
of ~1,000 years (Eddy cycle)71, 72 and ~2,400 years (Hallstatt cycle).36, 74 Ma73 
investigated long-term fluctuations of reconstructed sunspot number series covering 
the past 11,400 years, with the results showing a 1,000-year cycle in solar activity. 
Bond75 proposed that a solar-forcing mechanism may underlie a ~1,500-year cycle 
for the Holocene in the North Atlantic. At the centennial time scale, there are cycles 
at ~210 years (Suess cycle) and, at the decadal time scale, ~88 years (Gleissberg 
cycle).37 Over millennial and smaller time scales, studies have found that variations in 
solar activity, as measured either by TSI or variations in solar modulated cosmic-ray 
flux, can be correlated with climate change.38–43

Solar irradiance is the power per unit area received from the Sun in the form of 
electromagnetic radiation, measured in watts per square metre (W/m2), for a 
particular wavelength. TSI can be defined as the sum of all of the energy across 
all wavelengths across the whole of the time period (expressed mathematically, 
the integral of solar irradiance over all wavelengths reaching the Earth’s outer 
atmosphere). Almost all the incoming irradiance to the Earth’s atmosphere is in the 
ultraviolet, visible, and infrared regions of the spectrum, and approximately half of this 
radiation penetrates the atmosphere and is absorbed at the Earth’s surface.

As discussed in my previous report,6 there is considerable ongoing controversy 
regarding the magnitude and trends in TSI during recent decades, specifically from 
1978 onwards when satellite measurements became available.44–49 A number of 
significantly varying composite data sets have been published showing different trends 
in TSI since the late-1970s. The composites all show that TSI exhibits an approximate 
11-year TSI cycle that corresponds with the sunspot cycle. However, the composites 
differ with regards to whether additional cycles exist.

The two main rival TSI satellite composites are known as ACRIM and PMOD. If the 
ACRIM data set is correct, it suggests that much of the global temperature trends 
during the satellite era could have been due to changes in TSI.45, 47, 50–56 However, if 
the PMOD data set is correct, and a simple linear relationship between TSI and global 
temperatures is assumed, then the implied global temperature trend, driven by changes 
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in TSI, would predict long-term global cooling since at least the late-1970s. Therefore, 
the PMOD data set implies that none of the warming actually observed since the late-
1970s could be due to solar variability and that the warming must be due to other 
factors, particularly increasing GHG concentrations. As discussed in a previous IPA 
report,6 the IPCC relies on the PMOD data set that favours the perspective of low solar 
influence and high GHG influence on climate change.3

The IPCC relies on the direct influence of TSI as a minor contribution to warming 
attributable to variation in solar activity. However, studies have found that the 
influence of TSI on climate may be stronger than direct measurements of TSI would 
imply, because of the effect of amplification mechanisms. For example, Shaviv57 found 
that the total radiative forcing associated with solar cycles variations is about five 
to seven times larger than just those associated with the TSI variations, thus implying 
the necessary existence of an amplification mechanism.58 The relationship between 
changes in solar activity and climatic response may also be made complex through 
lagged responses. Eichler59 obtained the isotopic δ18O data from the analysis of a 
139-metre-long ice core drilled at the Belukha glacier in 2001; this record identified 
a 10–30 year lag between solar forcing and temperature response, underlining 
the importance of indirect sun–climate mechanisms that may involve ocean-induced 
changes in atmospheric circulation. Amplification mechanisms and lagged effects are 
not considered by the IPCC in determining the extent of solar influence associated 
with TSI, which may contribute to reducing the calculated contribution of natural 
influences on global warming.

One way in which variations in solar activity may influence Earth’s climate through 
an indirect mechanism is associated with cosmic rays. Cosmic rays reaching the Earth 
can potentially affect cloud cover, with the extent of this radiation reaching the planet 
at a particular time potentially influenced by changes in solar magnetic activity. This 
may provide a mechanism separate to consideration of incident energy in terms of TSI 
affecting Earth’s climate, but also exhibiting oscillatory characteristics, as discussed in 
the following section.
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Cosmic rays and influence on Earth’s 
climate

Cosmic rays are high-energy nuclei of elements, ranging from hydrogen to iron, which 
move through space at nearly the speed of light. They originate from the Sun, from 
outside of the Solar System in our own galaxy,60 and also from distant galaxies. Before 
colliding with the Earth’s atmosphere, the cosmic-ray particles must penetrate a huge 
magnetic bubble known as the heliosphere, which is created by the Sun and extends 
beyond the most distant planets in the solar system through the action of the solar wind. 
Cosmic rays are electrically charged and are affected by magnetic fields. When solar 
activity increases, so does the magnetic field of the heliosphere, which decreases the 
intensity of cosmic rays reaching the Earth. Relationships between cloud cover and 
cosmic rays suggests a correlation between solar activity and changes in climate. 
Upon impact with Earth’s atmosphere, cosmic rays produce showers of secondary 
particles including positive and negative ions. These ions help to generate and stabilise 
new seed aerosols, which as cloud condensation nuclei assist the formation of clouds. 
A number of studies61, 62 have discussed the possible connection of climate with 
galactic cosmic rays (GCRs) and the effects on climate at time scales ranging from 
decadal to millennial.

The intensity of cosmic rays has been measured by isotopic concentrations,62–64 
for example using records of the isotope 14C in tree rings and 10Be ice cores.65 
Uncertainties remain regarding the exact nature of the mechanism linking cosmic rays 
and climate response. Since the energy input of GCRs to the atmosphere is very small 
compared TSI – approximately the same as starlight – a substantial amplification 
mechanism would be required, as for example through cloud formation. An important 
piece of evidence may be the reported correlations of GCR flux and low cloud 
amount, as measured by satellites.66, 67

Increased GCR flux appears to be associated with a cooler climate, while decreased 
GCR flux is associated with a warmer climate. Observations suggest that cloud cover 
may be influenced by cosmic rays, which are modulated by the solar wind and, 
on longer time scales, by the geomagnetic field and by the galactic environment of 
Earth. The most likely mechanism for GCR-climate forcing is an influence of ionisation 
on clouds, as suggested by satellite observations and supported by theoretical and 
modelling studies. The satellite data suggest that decreased GCR flux is associated 
with decreased low altitude clouds, which are known to exert globally a net radiative 
cooling effect.

The oscillatory behaviour on a millennial time scale for proxy temperatures may be 
closely linked to GCRs. We observe over the 12,000-year period of the Holocene 
a close correlation between GCRs and surface temperatures,62 with both exhibiting 
strong oscillatory patterns. As illustrated in Figure 5, nine episodes of Northern Atlantic 
cold events (associated with ice-rafted debris) are well matched with the valley of the 



15 Institute of Public Affairs www.ipa.org.au

solar intensity62, 75 and the corresponding peak in galactic cosmic-ray series measured 
by the isotopes 14C and 10Be. These suggest that the Northern Atlantic cold events may 
be induced by the weakening of the solar intensity.

Figure 5: Correlation of GCRs (A: isotopic 14C and B: isotopic 10Be) with North 
Atlantic cold events measured as ice-rafted debris events during the Holocene 
from Kirkby, 2007.62
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Various studies68 have concluded that the occurrence of the MWP and LIA are closely 
associated with the solar activity over the past 1,000 years through the effects of 
cosmic rays. Huang’s study of GCRs over the past 1,000 years68 showed that the 
period when they are weak (corresponding to strong solar activity) is associated with 
the MWP, while the condition is reversed in the LIA. Figure 6 shows variations in GCR, 
as recorded in the isotopes 14C and 10Be, over the past 1,000 years, showing high 
values during the LIA and low values during the MWP. Although variations of TSI alone 
are not enough to explain the contemporaneous climatic changes, solar influences 
may also be manifested through other mechanisms, such as through the actions of 
GCRs. When solar irradiance weakens, increased GCR induces more low clouds 
leading to the climatic cooling, although the details of the mechanism are incompletely 
understood at present.62, 68
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Figure 6: GCRs between 1000 and 2000 AD from 10Be measurements from 
Greenland and the South Pole, from Kirkby, 2007.62
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Using oscillations to differentiate natural 
and anthropogenic warming in the 
industrial era

Global, hemispheric, and regional temperatures have increased during the industrial 
era from about 1880 AD onwards. This extends the general upward trend from the LIA, 
which had minimum temperatures at around 1700 AD, as illustrated in Figures 1 and 
2. It is reasonable to assume that the variations in temperature prior to the onset of the 
industrial era were caused primarily by natural influences present during the Holocene, 
also extending further back in time, and can be characterised as having oscillatory 
characteristics. Important questions that arise are, to what extent does continuation of 
these natural oscillatory processes explain temperature increases during the industrial 
era; and to what extent have anthropogenic influences also contributed?

As illustrated above in Figures 3 and 4, proxy temperature for the Northern Hemisphere 
data prior to 1880 AD can be decomposed into sets of oscillations or cycles. A 
combination of these cycles was used to simulate the temperature profile up to 1880 AD 
and then project the temperature profile forward beyond 1880 AD into the industrial 
era, assuming the underlying natural oscillatory patterns continue. Using the sets of 
oscillations as input to train an ANN rather than relying on a simple addition of the 
component oscillations improves the accuracy of the fit between the simulation and the 
original proxy temperature data.5 The projection of these oscillatory patterns into the 
industrial era beyond 1880 AD enables us to compare actual proxy temperatures during 
the industrial era with corresponding projected temperatures, which can be interpreted 
as temperatures that would have existed through a continuation of natural cycles 
affecting climate, without the influence of human activities, particularly GHG emissions. 

Inspection of the temperature profiles from the eight Northern Hemisphere series 
considered6 indicates that there is an upward trend in the natural temperature profile 
from 1880 AD onwards, which accounts for at least 50% of the total temperature 
increase.5, 6 This is illustrated by focusing on the similarity between the trajectories of 
the red and blue lines in Figures 1 and 2 from 1880 AD onwards. This agrees with 
other published estimates of the relative contributions of anthropogenic and natural 
warming. For example, Scafetta and West41 used a thermodynamic model to estimate 
the relative contribution of the solar-induced versus anthropogenic-added climate 
forcing during the industrial era. They found that the Sun might have contributed up 
to approximately 50% of the observed global warming since 1900 AD, or more if 
ACRIM TSI satellite composite50 was incorporated, rather than PMOD. Using climate 
proxy data, Lim76 calculated that that solar forcing explains 30–50% of the total 
warming in the industrial era. Consideration of global cosmic-ray flux from 10Be 
records62 showed a decrease of about 30% since the LIA, with about one half of this 
decrease occurring in the last century. This is probably not itself sufficient to explain the 
total global warming but may still represent be a significant contributing factor.62
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Conclusion

There is evidence to suggest that the contribution from natural oscillations to global 
warming during industrial era is significantly higher than accepted by the IPCC. Little or 
no attention was apparently given to this issue at the recent COP26 event in Glasgow. 
Before entering discussions over financial compensation for damages or costs of 
adaptation associated with climate change, particularly alleging the culpability of 
developed nations, issues of relative contribution to causation should be considered 
much more openly. This includes recognition that there is not a scientific consensus 
as alleged by the IPCC and there remain many uncertainties in the complex scientific 
issues relating to climate change.



19 Institute of Public Affairs www.ipa.org.au

References

1. UN Climate Change https://unfccc.int/topics/science/the-big-picture/introduction-science 

2. IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical 
Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change [Masson-Delmotte V, Zhai P, Pirani A, 
Connors SL, Péan C, Berger S, Caud N, Chen Y, Goldfarb L, Gomis MI, Huang M 
Leitzell K, Lonnoy E, Matthews JBR, Maycock TK, Waterfield T, Yelekçi O, Yu R and 
Zhou B (eds.)]. Cambridge University Press. In Press.

3. Abbot J, How the IPCC Buries Evidence of the Sun’s Climate Influence, October 
2021. Institute of Public Affairs.

4. Connolly R, Soon W, Connolly M, Baliunas S, Berglund J, Butler CJ, Gustavo Cionco 
R, Elias AG, Fedorov VM, Harde H, Henry GW, Hoyt DV, Humlum O, Legates DR, 
Lüning S, Scafetta N, Solheim J-E, Szarka L, van Loon H, Velasco Herrera VM, Willson 
RC, Yan H and Zhang W. How much has the Sun influenced Northern Hemisphere 
temperature trends? An ongoing debate. Research in Astronomy and Astrophysics 2021.

5. Abbot J and Marohasy J, The application of machine learning for evaluating 
anthropogenic versus natural climate change, GeoResJ 2017, 14, 36-46.

NB: This paper received considerable coverage in global media, which led to some 
of those who refused to accept its methodology or conclusions publishing criticisms in 
social media channels and online (though not in public journals), and also contacting 
the publisher seeking to have it retracted. The authors therefore produced a detailed 
response to the criticisms made, which can be found here: 
https://ipa.org.au/publications-ipa/opinion/abbot-and-marohasy-respond-to-
criticisms-of-georesj-paper

To the author’s knowledge, no direct refutation of the paper’s methodology or 
conclusions has been published in a refereed journal.

6. Abbot J, Using Oscillatory Processes in Northern Hemisphere Proxy Temperature 
Records to Forecast Industrial-era Temperatures, Earth Sciences 2021, 10(3), 95-117.

7. Jones PD, Early European Instrumental Records, in: Jones PD, Ogilvie, AEJ, Davies 
TD, Briffa KR (Eds.), History and Climate: Memories of the Future? Springer US, 
Boston, MA, 2001, 55-77.

8. Luterbacher J, Werner JP, Smerdon, JE, Fernández-Donado, L., González-Rouco, F. 
J., Barriopedro, D., Ljungqvist FC, Büntgen U, Zorita E, Wagner S, Esper J, McCarroll 
D, Toreti A, Frank D, Jungclaus JH, Barriendos M, Bertolin C, Bothe O, Brázdil R, 
Camuffo D, Dobrovolný P, Gagen M, García-Bustamante E, Ge Q, Gómez-Navarro 
JJ, Guiot J, Hao Z, Hegerl GC, Holmgren K, Klimenko, VV, Martín-Chivelet J, Pfister 
C, Roberts N, Schindler A, Schurer A, Solomina O, Gunten L, von, Wahl E, Wanner 



20 Institute of Public Affairs www.ipa.org.au

H, Wetter O, Xoplaki E, Yuan N, Zanchettin D, Zhang H and Zerefos C, European 
summer temperatures since Roman times. Environ. Res. Lett. 2016, 11.

9. Parker DE, Legg TP and Folland CK, A new daily central England temperature 
series, 1772–1991. International Journal of Climatology 1992, 12, 317–342.

10. Hernández A, Martin-Puertas C, Moffa-Sánchez P, Moreno-Chamarro, E, Ortega 
P, Blockley S, Cobb KM, Comas-Bru L, Giralt S., Goosse H, Luterbacher J., Martrat B, 
Muscheler, R, Parnell A, Pla-Rabes S, Sjolte, J, Scaife AA, Swingedouw D, Wise E, Xu 
G, Modes of climate variability: Synthesis and review of proxy-based reconstructions 
through the Holocene. Earth-Science Reviews 2020, 209, 103286.

11.Trachsel M, Grosjean M, Larocque-Tobler I, Schwikowski M, Blass A and Sturm M, 
Quantitative summer temperature reconstruction derived from a combined biogenic Si 
and chironomid record from varved sediments of Lake Silvaplana (south-eastern Swiss 
Alps) back to AD 1177. Quaternary Science Reviews 2010, 29, 2719-2730.

12. Ljungqvist FC, A new reconstruction of temperature variability in the extra-tropical 
Northern Hemisphere during the last two millennia. Geografiska Annaler: Physical 
Geography 2010, 92 A (3), 339-351.

13. NOAA database, National Oceanic and Oceanic Administration, National 
Centres for Environmental Information.

14. Crowley TJ and Lowery T, How warm was the Medieval Warm Period? Ambio 
2000, 29, 51-54.

15. Lüdecke HJ and Weiss CO, Harmonic Analysis of Worldwide Temperature Proxies 
for 2000 Years. The Open Atmospheric Science Journal 2017, 11, 44-53.

16. Moberg A, Sonechkin DM, Holmgren K, Datsenko NM., Karlen W and Lauritzen 
SE, Highly variable Northern Hemisphere temperatures reconstructed from low- and 
high-resolution proxy data. Nature 2005, 433(7026), 613-617.

17. Christiansen B and Ljungqvist FC, The extra-tropical Northern Hemisphere 
temperature in the last two millennia: reconstructions of low-frequency variability. 
Climate of the Past 2012, 8, 765-786.

18. Mann ME, Bradley RS and Hughes MK, Northern hemisphere temperatures during 
the past millennium: Inferences, uncertainties, and limitations. Geophysical Research 
Letters 1999, 26 (6), 759-762.

19. Jones PD, Briffa KR, Barnett TP and Tett SFB, High-resolution Palaeoclimatic Records 
for the last Millennium: Interpretation, Integration and Comparison with General 
Circulation Model Control-run Temperatures. The Holocene 1998, 8, 455-471.

20. Esper J, Cook ER and Schweingruber FH, Low-Frequency Signals in Long Tree-Ring 
Chronologies for Reconstructing Past Temperature Variability. Science 2002, 295, 5563.



21 Institute of Public Affairs www.ipa.org.au

21. Schneider L, Smerdon JE, Buntgen U, Wilson RJS., Myglan VS, Kirdyanov AV., 
Esper J, Revising mid-latitude summer temperatures back to A. D. 600 based on a 
wood density network. Geophysical Research Letters 2015, 42, 4556-4562.

22. Easterbrook DJ, in Evidence-Based Climate Science (Second Edition), Using 
Patterns of Recurring Climate Cycles to Predict Future Climate Changes 2016.

23. Zhao XH and Feng XS, Correlation between solar activity and the local 
temperature of Antarctica during the past 11,000 years. Journal of Atmospheric and 
Solar-Terrestrial Physics 2015, 122, 26-33.

24. Kern AK, Harzhauser M, Piller WE, Mandic O, and Soliman A, Strong evidence 
for the influence of solar cycles on a Late Miocene lake system revealed by biotic and 
abiotic proxies, Palaeogeography. Palaeoclimatology, Palaeoecology 2012, 329–
330, 124-136.

25. Loehle C, Singer F, Holocene temperature records show millennial-scale 
periodicity. Canadian Journal of Earth Sciences 2010, 47, 1327-1336.

26. Loehle CA 2000-year global temperature reconstruction on non-tree ring proxies. 
Energy and Environment 2007, 18(7), 1049-1058.

27. Sicre M-A., Jacob J, Ezat U, Rousse S, Kissel C, Yiou P, Eiríksson J, Knudsen KL, 
Jansen E and Turon JL, Decadal variability of sea-surface temperatures off North Iceland 
over the last 2000 years. Earth and Planetary Science Letters 2008, 268(1–2), 137-142.

28. Mangini A, Verdes P, Spotl C, Scholz D, Vollweiler N and Kromer B, Persistent 
influence of the North Atlantic hydrography on central European winter temperature 
during the last 9000 years. Geophysical Research Letters 2007, 34(2), L02704.

29. Kitagawa H, Matsumoto E, Climatic implication of δ13C variations in a Japanese 
cedar (Cryptomeria japonica) during the last two millennia. Geophysical Research 
Letters 1995, 22 (16), 2155-2158.

30. Thornalley DJR, Elderfield H and McCave IN, Holocene oscillations in temperature 
and salinity of the surface subpolar North Atlantic. Nature 2009, 457 (7230), 711-714.

31. Came RE, Oppo DW and McManus JF, Amplitude and timing of temperature and 
salinity variability in the subpolar North Atlantic over the past 10 ky. Geology 2007, 
35 (4), 315-318.

32. Oppo DW, Rosenthal Y and Linsley BK, 2,000-year long temperature and hydrology 
reconstructions from the Indo-Pacific warm pool. Nature 2009, 460(7259), 1113-1116.

33. Ramos-Román MJ, Jiménez-Moreno G, Camuera J, García-Alix A, Anderson 
RS, Jiménez-Espejo FJ, Sachse D, Toney J, Carrión, JS, Webster CY and Yanes C, 
Millennial-scale cyclical environment and climate variability during the Holocene in the 
western Mediterranean region deduced from a new multiproxy analysis from the Padul 
record (Sierra Nevada, Spain). Global and Planetary Change 2018, 168, 35-53.



22 Institute of Public Affairs www.ipa.org.au

34. Raspopov OM, Dergachev VA, Esper J, Kozyreva OV, Frank D, Ogurtsov M, 
Kolstrom T and Shao X, The influence of the de Vries (~200-year) solar cycle on 
climate variations: Results from the Central Asian Mountains and their global link. 
Palaeogeography, Palaeoclimatology, Palaeoecology 2008, 259, 6-16.

35. Liu Y, Cai Q, Song H, An Z, Linderholm HW, Amplitudes, rates, periodicities and 
causes of temperature variations in the past 2485 years and future trends over the 
central eastern Tibetan Plateau. Chinese Science Bulletin 2011, 56, 2986-2994.

36. Usoskin IG, Gallet Y, Lopes F, Kovaltsov GA and Hulot G, Solar activity during 
the Holocene: the Hallstatt cycle and its consequence for grand minima and maxima. 
Astronomy & Astrophysics 2016. 587, A150.

37. Peristykh AN and Damon PE, Persistence of the Gleissberg 88-year solar 
cycle over the last ∼12,000 years: Evidence from cosmogenic isotopes. Journal of 
Geophysical Research Atmospheres 2003, 108(A1)

38. Scafetta N, Empirical evidence for a celestial origin of the climate oscillations and 
its implications. Journal of Atmospheric and Solar-Terrestrial Physics (2010).

39. Eddy JA, The Maunder Minimum. Science, 1976, 192, 1189-1202.

40. Scafetta N and West BJ, Estimated solar contribution to the global surface 
warming using the ACRIM TSI satellite composite. Geophys. Res. Lett. 2005, 32.

41. Scafetta N and West BJ, Phenomenological reconstructions of the solar signature 
in the Northern Hemisphere surface temperature records since 1600. J. Geophys. Res. 
2007, 112, D24S03.

42. Scafetta N and West BJ, Is climate sensitive to solar variability?, Physics Today 
2008, 3, 50-51.

43. Soon W, Solar Arctic-Mediated Climate Variation on Multidecadal to Centennial 
Timescales: Empirical Evidence, Mechanistic Explanation, and Testable Consequences. 
Physical Geography 2009, 30, 144-184.

44. Soon W, Connolly R and Connolly M, Re-evaluating the role of solar variability 
on Northern Hemisphere temperature trends since the 19th century. Earth-Science 
Reviews 2015, 150 409-52.

45. Scafetta N and Willson RC, ACRIM total solar irradiance satellite composite 
validation versus TSI proxy models. Astrophys Space Sci 2014, 350, 421-42.

46. Fröhlich C, Total Solar Irradiance Observations. Surv Geophys 2012, 33 453-73.

47. Scafetta N, Willson RC, Lee JN and Wu DL, Modeling Quiet Solar Luminosity 
Variability from TSI Satellite Measurements and Proxy Models during 1980–2018. 
Remote Sensing 2019, 11 2569.

48. Beer J, Mende W and Stellmacher R, The role of the sun in climate forcing. 
Quaternary Science Reviews 2000, 19 403-15.



23 Institute of Public Affairs www.ipa.org.au

49. de Wit TD, Kopp G, Fröhlich C and Schöll M, Methodology to create a new total 
solar irradiance record: Making a composite out of multiple data records. Geophysical 
Research Letters 2017, 44 1196-203.

50. Willson RC and Mordvinov AV, Secular total solar irradiance trend during solar 
cycles. Geophysical Research Letters 2003, 51. 21-23 30.

52. Scafetta N and West BJ, Variations on Sun’s role in climate change. Physics Today 
2008, 61, 14-6.

53. Scafetta N, Empirical analysis of the solar contribution to global mean air surface 
temperature change. Journal of Atmospheric and Solar-Terrestrial Physics 2009, 71 1916-23.

54. Scafetta N, Chapter 12 - Total Solar Irradiance Satellite Composites and 
their Phenomenological Effect on Climate. Evidence-Based Climate Science ed D 
Easterbrook (Boston: Elsevier) 2011, pp 289-316.

55. Scafetta N, Willson RC, Lee JN and Wu DL, Modeling Quiet Solar Luminosity 
Variability from TSI Satellite Measurements and Proxy Models during 1980–2018. 
Remote Sensing 2019, 11 2569.

56. Willson RC, ACRIM3 and the Total Solar Irradiance database Astrophys Space 
Sci 2014, 352 341-52.

57. Shaviv NJ, Using the oceans as a calorimeter to quantify the solar radiative 
forcing, J. Geophys. Res. 2008, 113, A11101.

58. Meehl GA, Arblaster JM, Matthes K, Sassi F, van Loon H, Amplifying the Pacific Climate 
System Response to a Small 11-Year Solar Cycle Forcing. Science 2009, 325, 1114-1118.

59. Eichler A, Olivier S, Henderson K, Laube A, Beer J, Papina T, Gaggeler HW and 
Schwikowski, M, Temperature response in the Altai region lags solar forcing. Geophys. 
Res. Lett. 2009, 36, L01808,

60. “Detecting cosmic rays from a galaxy far, far away”. Science Daily. 21 September 2017.

61. Usoskin IG, Mursula K, Solanki SK, Schussler M and Kovaltsov GA, A physical 
reconstruction of cosmic ray intensity since 1610. J. Geophys. Res. 2002, 107.

62. Kirkby J, Cosmic rays and climate. Surveys in Geophysics 2007, 28, 333-375.

63. Klein J, Lerman JC, Damon PE and Linick T, Radiocarbon concentrations in the 
atmosphere: 8000 year record of variations in tree rings. Radiocarbon 1980, 22, 950-961.

64. Raisbeck GM, Yiou F, Jouzel J and Petit J.-R. 10Be and 2H in polar ice cores as a 
probe of the solar variability’s influence on climate. Phil. Trans. Roy. Soc. Lond. 1990, 
A 300, 463-470.

65. Beer J, Long-term indirect indices of solar variability. Space Sci. Rev. 2000. 94, 53-66.

66. Svensmark H and Friis-Christensen E, Variation in cosmic ray flux and global cloud 
coverage—a missing link in solar-climate relationships. J. Atm. Sol. Terr. Phys. 1997, 59, 1225.



24 Institute of Public Affairs www.ipa.org.au

67. Marsh ND and Svensmark H, Low cloud properties influenced by cosmic rays. 
Phys. Rev. Lett. 2000, 85(23), 5004-5007.

68. Huang JB, Wang SW, Luo Y, Zhao ZC and Wen X-Y, Debates on the causes of 
global warming. Advances in Climate Change Research 2012, 3 (1), 38-44.

69. Debret M, Bout-Roumazeilles V, Grousset F, Desmet M, McManus JF, Massei N, 
Sebag D, Petit J.-R, Copard Y and Trentesaux A, The origin of the 1500-year climate 
cycles in Holocene North-Atlantic records. Clim. Past, 2007, 3, 569-575,

70. Nederbragt AJ and Thurow J, Geographic coherence of millennial-scale climate 
cycles during the Holocene. Palaeogeography. Palaeoclimatology, Palaeoecology 
2005, 221, 313-324.

71. Steinhilber F, Abreu JA, Beer J. Brunner I, Christl M, Fischer H, Heikkilä U, Kubik 
PW, Mann M, McCrackene KG, Miller H, Miyahara H, Oerterf H and Wilhelms F, 
9,400 years of cosmic radiation and solar activity from ice cores and tree rings. PNAS 
2012109(16), 5967-5971.

72. Abreu JA, Beer J and Ferriz-Mas A, Past and future solar activity from cosmogenic 
radionuclides. Astronomical Society of the Pacific Conference Series: SOHO-23: 
understanding a peculiar solar minimum. SOHO-23: understanding a peculiar solar 
minimum, eds SR Cranmer, JT Hoeksema, and JL Kohl 428. Astronomical Society of the 
Pacific Conference Series 2010, UT, pp 287-295.

73. Ma LH, Thousand-Year Cycle Signals in Solar Activity. Solar Physics 2007, 
245(2), 411-414.

74. Usoskin IG, Gallet Y, Lopes F, Kovaltsov GA and Hulot G, Solar activity during 
the Holocene: the Hallstatt cycle and its consequence for grand minima and maxima. 
Astronomy & Astrophysics, 2016, 587, A150.

75. Bond G, Kromer B, Beer J, Muscheler R, Evans MN, Showers W, Hoffmann S, 
Lotti-Bond R, Hajdas I and Bonani G. Persistent Solar Influence on North Atlantic 
Climate During the Holocene. Science 2001, 294, 2130-2136.

76. Lim H-G, Yeh S-W, Kim J-W, Park R and Song C-K, Contributions of solar and 
greenhouse gases forcing during the present warm period. Meteorol Atmos Phys 
2014, 126, 71-9.



25 Institute of Public Affairs www.ipa.org.au

SUNSHINE AND SINE WAVES:  
Identifying Oscillatory Patterns in 
Temperature Records Highlights 
Solar Influences While Reducing 
Anthropogenic Contribution to  
Recent Warming.

About the Institute of Public Affairs

The Institute of Public Affairs is an independent, non-profit public policy think tank, 
dedicated to preserving and strengthening the foundations of economic and political 
freedom.

Since 1943, the IPA has been at the forefront of the political and policy debate, 
defining the contemporary political landscape.

The IPA is funded by individual memberships and subscriptions, as well as 
philanthropic and corporate donors.

The IPA supports the free market of ideas, the free flow of capital, a limited and 
efficient government, evidence-based public policy, the rule of law, and representative 
democracy. Throughout human history, these ideas have proven themselves to be the 
most dynamic, liberating and exciting. Our researchers apply these ideas to the public 
policy questions which matter today. 

The IPA also publishes a blog on climate science and policy issues at 
climatechangethefacts.org.au.



26 Institute of Public Affairs www.ipa.org.au

About the author

John Abbot is a Senior Fellow with interests in environmental issues, including climate 
change, at the IPA. 

He has a BSc in chemistry from Imperial College, London, an MSc from the University 
of British Columbia, Canada, a Master of Biotechnology from the University of 
Queensland and a PhD in chemistry from McGill University, Canada. He has spent 
more than 20 years as a research scientist in universities and industry working in areas 
of industrial chemistry, particularly relating to petroleum refining and pulp and paper 
production. He successfully supervised a group of about 20 PhD and Honours students 
at the University of Tasmania and has published more than 100 papers in the peer-
reviewed scientific literature.

He obtained a Juris Doctor Law degree from the University of Queensland in 2003 
and was admitted as a solicitor in Queensland. He worked for a period at Welfare 
Rights dealing with Centrelink issues, and also disability discrimination. He also 
obtained an LLM degree from the University of Queensland, specialising in intellectual 
property law. He has published a number of papers in legal journals, including several 
relating to Freedom of Information law in the context of public access to environmental 
information from government agencies.

During the period 2009–2015 Dr Abbot had an appointment at Central Queensland 
University as a Professorial Research fellow. A number of projects in the environmental 
area were undertaken, including re-examination of the evidence for an influence of 
pesticides on biota in rivers, and the use of diatoms to determine the salinity history 
of Lake Alexandrina. Other projects undertaken included the application of artificial 
intelligence using neural networks for medium-term rainfall forecasting. This work was 
initiated following the devastating flooding in Queensland during the 2010–2011 
summer, where flooding of Brisbane has been linked to poor dam management 
practices and inadequate official rainfall forecasts. These projects resulted in about 20 
papers – published in the peer-reviewed literature. His work at CQU was wholly funded 
by the B. Macfie Family Foundation, which now supports his research at the IPA.




