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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.
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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
Ljungqvist12

Moberg et al.16
Christiansen
and Ljungqvist17
Crowley and
Lowery14
Mann et al.18
Jones et al.19
Esper et al.20
Schneider et
al.21

Period of
record
(AD)
0–1999

Proxy types included

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
1–1979
Tree rings, lake and ocean
sediments
1–1973
Extra-tropical proxies that
reach back to at least
300 AD
1000–1993 Tree rings, ice cores,
pollen, historical documents
1000–1980 Tree rings
1000–1991 Tree rings, ice cores, corals,
historical documents
831–1992 Tree-ring chronologies
600–2002

Mid-latitude summer
temperatures based on a
wood density network

Millennial Centennial
periodicity periodicity
(years)
(years)
1,230 383. 149,
128, 106

1,223
978

1,027
1,306
990
1,173
1,172

380, 183,
126, 106
485, 438,
190
538, 194,
171
211, 119
143
460, 192,
113
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
Greenland ice sheet25
Global multiproxy (non-tree ring)26
Sea surface temperature27
Central Europe speleothem28
Japanese cedar tree rings29
Surface subpolar North Atlantic30
Subpolar North Atlantic31
Indo-Pacific sea-surface temperature32
Antarctic ice cores23
Greenland ice cores22
European lake sediment24
Western Mediterranean multiproxy study33
Global15
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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 late1970s 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
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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.
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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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Galactic cosmic ray change (percentage from 1950 value)

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