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Introduction

The latest IPCC report1 conclusively states that global warming can be attributed 
mainly to human activities, particularly emissions of carbon dioxide from fossil fuels. 
Contributions to warming in recent times from natural causes, including variations in 
solar activity, are assumed to be negligible. As far as the IPCC is concerned, regarding 
attribution, the science is settled and there is a consensus among the scientific 
community. Quoting from the IPCC Report Summary for Policymakers 2021:

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.

In stark contrast, my review of the scientific literature published over several decades 
by hundreds of scientists leads to the conclusion that the level of certainty put forward 
by the IPCC is highly questionable. 

The issue of the effect of the sun on the earth’s climate is highly complex and the scientific 
literature reviewed casts reasonable doubt on statements from the IPCC that there is 
an overwhelming scientific consensus that warming in recent decades is unequivocally 
almost entirely associated with human activities. Alternative scientific perspectives that 
solar activity may indeed play a significant role are essentially ignored. The IPCC makes 
no effort to make the public and policy makers aware that alternative perspectives 
on the possible contribution of solar activity to climate change are an important and 
credible part of the peer-reviewed scientific literature. Possible reasons for the IPCC 
taking this position have been presented in a recent review of the science by Connolly et 
al2 published earlier this year (prior to the publication of the most recent IPCC report) in 
Research in Astronomy and Astrophysics. Progress in scientific understanding of complex 
issues is generally advanced by permitting and indeed encouraging awareness of 
divergent relevant evidence and interpretations. Before considering possible motivations 
for suppression of alternatives by the IPCC it is informative to consider some of the studies 
relevant to the possible contribution of solar activity.

We can think about the solar influence problem in simple terms: we have a source of 
heat (the sun) and we are located at some distance from this source (on the earth) at a 
particular time. If there are periods where the heat source emits more energy, or if we 
move closer to the source, it is expected that we will experience warmer conditions. 
Conversely, if the source emits less energy at some point in time or we move further 
away, then we will feel cooler. Both of these factors need to be considered in the 
context of climate. 
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For the present discussion, we will consider only some factors affecting the variability 
of the energy emitted from the sun and the possible effects on earth’s climate. This is a 
very complex topic in itself and the subject of hundreds of scientific publications2. There 
are a number of reviews of the topic including Solar Influences on Climate by Gray et 
al. published in 2010 with 15 individual authors and citing over 400 references3. 

The more recent review by Connolly et al, How Much Has the Sun Influenced Northern 
Hemisphere Temperature Trends? An Ongoing Debate, has 23 contributing authors 
and cites 536 references2. A commendable feature of the Connolly review is not 
only the relatively large number of individual contributors, but also the openly stated 
diversity of their individual scientific perspectives. They range from those that would 
generally align themselves with the IPCC view that human activities dominate, through 
to others in the group who would be inclined to suggest solar activity is dominant. 
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Total Solar Irradiance 

Most of the energy that keeps the Earth warmer than surrounding space depends on 
the incoming solar radiation and so, not surprisingly, this is carefully measured and 
estimated using agreed terms. “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. We are most interested in Total Solar 
Irradiance (TSI): 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 of the incoming irradiance at 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. Logically, we would 
expect an increase in TSI occurring over a number of decades to contribute to a 
corresponding rise in global temperatures. Similarly, a multi-decadal decrease in TSI 
would contribute to global cooling. Consequently, researchers have for many years 
explored the idea that changes in solar activity could be a major driver of climate 
change.2-8 Despite these ongoing research efforts by many scientists there remain many 
uncertainties, in part because of the inherent complexity of the issues and also because 
of the lack of agreement regarding relevant measurements over both recent decades 
and past centuries and millennia. 
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TSI and Sunspots 

Significant research has focused on records of the variations in numbers and 
characteristics of sunspots that can be observed on the Sun’s surface over time.2, 3, 9-11 
Sunspots are magnetic phenomena associated with the Sun’s photosphere, that 
appear as dark patches on the Sun’s surface. These features have been observed 
since telescopes were invented, with Galileo Galilei recording sunspots as long ago as 
1610AD. It is believed that records of sunspots can provide an approximate measure 
of the TSI. Sunspot cycles have been observed, typically lasting about 11 years, during 
which the number of sunspots rises from zero during the sunspot minimum to a sunspot 
maximum where many sunspots occur, before decreasing again to the next minimum. 

Many studies have reported correlations between solar variability and climate 
parameters.8 In an early investigation published in 1976,12 Eddy examined historical 
evidence of weather conditions in Europe back to the Middle Ages, including the 
severity of winters in London and Paris, and suggested that during times of few or no 
sunspots, for example during the Maunder Minimum (1645–1715), the Sun’s radiative 
output was reduced, leading to a colder climate (observed as the “Little Ice Age”). 
However, it remains unclear how much of the variability in TSI is precisely captured 
by the sunspot numbers and likely that sunspot numbers are not the only important 
measure of solar activity. Sunspot cycles are also highly correlated with changes in the 
number of “faculae”, which are a different type of intermittent magnetic phenomenon 
also associated with the Sun’s photosphere, appearing as bright spots. Recently 
Fontenla and Landi13 extended the simple sunspot and faculae model and considered 
nine different solar features, an indication of the inherent complexity.
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TSI and the Satellite Era 

There is considerable ongoing controversy regarding the magnitude and trends in TSI 
during recent decades, specifically from 1978 onwards when satellite measurements 
became available.7, 14-18 A number of significantly varying composite datasets 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 in whether additional multi-decadal 
trends exist.

The two main rival TSI satellite composites are known as ACRIM and PMOD. If the 
ACRIM dataset is correct, it suggests that much of the global temperature trends 
during the satellite era could have been due to changes in TSI.14, 16, 18-24 However, if 
the PMOD dataset is correct, and a simple linear relationship between TSI and global 
temperatures is assumed, then the implied global temperature trend driven by changes 
in TSI would predict long-term global cooling since at least the late-1970s. Therefore, 
the PMOD dataset 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 greenhouse gas concentrations.
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Other Indicators of Solar Variability 

Scientists are interested fundamentally in the variability in TSI, but we cannot (at this 
time) measure this directly which is why they are so interested in what we call ‘proxies’, 
like sunspots. A proxy is defined as “a variable that is not in itself directly relevant, 
but that serves in place of an unobservable or immeasurable variable.” Most of the 
proxies for solar variability are derived from direct solar observations, including 
sunspots and faculae. However, some widely used solar proxies are based on the 
variability in terrestrial phenomena which are believed to act as proxies for aspects of 
solar variability.25-27 Examples of this are the so-called “cosmogenic isotopes,” such 
as Carbon-14 (14C) or Beryllium-10 (10Be), which are produced in the atmosphere by 
cosmic rays. Records of these isotopes have been used as long-term proxies of solar 
activity since the 1960s,28, 29 and have been used for TSI reconstructions extending 
back over several centuries. 

In 2004, Solanski et al9 used cosmogenic isotope records to reconstruct sunspot 
numbers and found that sunspot numbers were exceptionally high during the past 70 
years, and at a value not seen during the previous 8,000 years. Although the authors 
concluded that they did not believe that this would explain more than 30% of global 
warming to that time, they also recognised that the relationships between Sunspot 
number and TSI, and also between TSI and temperatures, are probably quite complex 
and not governed by simple linear correspondence. 
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Low and High Variability Estimates of 
TSI and Climate Change

The range of values for TSI from the satellite era and the range of options for selecting 
solar proxies leads to the situation where there is a wide diversity of possible outcomes 
when attempting to reconstruct TSI over several centuries. This is illustrated by the 
recent review by Connolly et al2 where 16 possible combinations are presented, 
designated as either high or low variability examples.

Figure 1 shows a low TSI variability example that can be compared with a high 
variability example in Figure 2, both representing the period between 1600AD and 
the present. With the low variability scenario there appears to be a downward trend 
during the last few decades whereas with the high variability scenario, there appears 
to be a general upward trend between 1900 and the present.

Figure 1: An example of low variability TSI from Connolly et al.2 
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Figure 2: An example of high variability TSI from Connolly et al.2 
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These profiles for TSI can be considered in the context of profiles for changes in 
temperature for the northern hemisphere such as illustrated in Figure 3 (blue line). 
This shows a clear Little Ice Ace around 1600-1700AD with an upward trend in 
temperature during the past century. Bearing in mind that a simple direct linear 
relationship between temperature and TSI has not been established, there are 
obviously features of the high variability (not endorsed by the IPCC) that may more 
easily explain temperature variations than the low variability scenario. 

Put another way, the more pronounced oscillatory features of the high variability 
TSI profile illustrated in Figure 2 appear to show better overall correspondence with 
major features of the proxy record in Figure 3. In particular, the significant minimum 
around 1600-1700AD in both figures indicates that the Little Ice Age (LIA) may be a 
direct consequence of reduced TSI during that period. It would be expected that solar 
activity would be a major, or dominant, driver of climate change prior to the industrial 
era, and improbable that this influence suddenly became negligible at the onset of 
industrialisation. 

Figure 3: Proxy northern hemisphere temperature profile using results from 
Ljungqvist (blue). Artificial Neural Network output using sine wave set from 
spectral analysis as input, with data prior to 1880 AD used for training and 
validation, and after 1880 AD for forecasting (red) (Figure 7, ref 34).
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The concept that changes in temperature over centuries and millennia are composed of 
combinations of natural cycles, which may in turn be associated with solar cycles, has 
been explored in the literature.8, 30-33 One approach to evaluating the importance of 
natural cycles during the industrial era has been to derive a set of cycles using spectral 
analysis for the pre-industrial era and extend this by using neural networks to forecast 
temperatures into the industrial era beyond 1880AD. This is represented by the red 
line in Figure 3. The red line prior to 1880AD represents the combined effect of the 
identified natural cycles and the line from 1880AD onwards the forecast based on the 
natural cycles. 



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

The close correspondence between observed and forecast temperatures after 
1880AD suggests that solar influences play a major role in explaining global warming, 
which is additional evidence to support the proposition that the science is not settled 
and there is no universal consensus regarding causation of climate change. Figure 
3 clearly shows the Little Ice Age (LIA) at around 1600-1700AD and the Medieval 
Warm Period (MWP) at around 1000AD.



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

Natural Cycles in Solar Activity and 
Earth’s Climate

A number of studies have expressed concerns about the reliability of conclusions and 
forecasts from General Circulation Models (GCMs) widely endorsed by the IPCC.34-37 
These are complex physical climate models but their reliability has been questioned in 
part because of the apparent failures of these models to simulate oscillatory patterns that 
are clearly present in both modern temperature records and also the paleo-climactic 
sources derived from various proxies like ice core data.34 One study35 reported that very 
important physical mechanisms necessary for reproducing multiple climatic oscillations, 
which are responsible for about half of the 1850–2010 AD warming, appear to be 
missing in simulations generated by GCMs. Several recent GCM studies have attempted 
to address perceived shortcomings by incorporating natural oscillations. However, these 
studies are usually limited to consideration of one or several identified natural oscillations 
such as the AMO, NAO and PDO that operate on decadal or multi-decadal time scale, 
and do not include centennial or millennial oscillations.

The consideration of natural climate cycles can also lead to a much lower value of the 
parameter used to calculate the amount of warming directly attributed to human emissions 
of carbon dioxide. The concentration of atmospheric carbon dioxide has increased from 
about 360 ppm to a current level of about 420ppm. These values are measured directly 
with analytical instruments and not derived from complex mathematical models. The 
influence of this concentration change on atmospheric temperatures incorporates the 
concept of climate sensitivity. The equilibrium climate sensitivity (ECS) refers to the change 
in global mean near surface air temperature that would result from a sustained doubling of 
the atmospheric carbon dioxide concentration. Values of ECS have been derived using a 
wide variety of methods, using experimental and theoretical approaches. The IPCC relies 
principally on estimates derived from theoretical modelling using the output from GCMs, 
and the reported mean equilibrium climate sensitivity (ECS) based on 30 of these models 
has been determined to be 3.2°C.86 

However, there are a wide range of other values reported in the peer-reviewed literature 
for ECS using methods not dependant on GCMs, mostly reporting lower values.87 For 
example, a study based on examining natural cycles in northern hemisphere proxy 
temperature records over the past 2,000 years reported a value of 0.6°C87 and this 
value for ECS has also been reported using other methods.88, 89 Applying this value, 
rather than that derived using GCMs would lead to the conclusion that the recent 
warming attributable greenhouse gas emissions is only 20% of the value accepted by the 
IPCC. The remaining 80% would be attributed to natural influences, primarily solar. The 
acceptance of the high ECS value imposes the constraint on the possible attribution to 
solar influences and the consequential acceptance of the low TSI illustrated in Figure 1.

One investigation36 concluded that GCMs fail to properly reconstruct the natural 
variability of the climate throughout the entire Holocene (the current geological Epoch, 
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commencing approximately 11,650 years before present). This shortcoming was evident 
at multiple time scales including the large millennial oscillations observed throughout 
the Holocene that were responsible for the MWP and also shorter climatic decadal 
oscillations with periods of 10- 60 years. Another study37 examined the limitations of 
GCMs and questioned IPCC conclusions because the studies considered do not look 
beyond the industrial era, and are inadequate regarding the possible influences of 
internal oscillations. This study emphasized the exclusion by the IPCC of the millennial 
paleoclimatic data, and that natural contributions associated with solar activity and 
internal variability could in fact be predominant in the observed recent warming.

Cycles, or oscillatory processes, are an important feature of the earth’s climate and are 
evident on a range of time frames including annual, decadal, centennial and millennial.34, 38 
The presence of oscillatory processes is clearly evident from visual inspection of most proxy 
and instrumental temperature records and can be identified in detail using spectral analysis.39 

Millennial-scale climatic oscillations of ~1,470 years are evident in numerous 
paleo-climatic records in the North Atlantic and Pacific40-43 and this cycle44 has 
been discussed in the context of climate change. Spectral analysis of eight reported 
proxy temperature records for the northern hemisphere found a range of millennial 
periodicities in the range 978 - 1,306 years.34

Many studies have reported centennial scale periodicities in temperature records. For 
example, periodicities of 208 and 521 years have been identified in Antarctic ice-core 
records.45 European lake sediments46 show the influences of 120, 208 and 500 year 
cycles, while the influence of ~200-year cycle on climate variations has been identified 
using results from the Central Asian Mountains47 and cycles of 800, 199, and 110 
years have been found in tree-rings of the Tibetan Plateau.48 

Many studies have shown the significance of decadal and multi-decadal oscillations 
on temperature. For example, one described the impact of North Atlantic–Arctic multi-
decadal variability on northern hemisphere surface air temperatures.49 For the Southern 
Hemisphere, a Tasmanian tree ring record spanning 3592 years has been studied50 
and spectral analysis of the temperature construction indicated that it is dominated by 
multi-decadal oscillatory patterns of variability with periods of 68-80 and 31 years.

Solar cycles have been established corresponding to a wide range of time scales51 
and their relationships to climate discussed. On a decadal scale, the best known and 
documented is the Schwabe Cycle; corresponding to the 11-year sunspot cycle. Direct 
relationships between this cycle and the Atlantic Multidecadal Oscillation (AMO) and 
the North Atlantic Oscillation (NAO) affecting European temperatures during the past 
century.52 Other solar cycles include the Hale Cycle with a 22-year periodicity  and 
the Suess Cycle which has a periodicity of about 200 years. Two other solar cycles 
with periodicities of about 400 and 88 years have been identified and the 88-year 
cycle is called the Gleissberg Cycle. On a millennial time scale, the ~1,000-year 
oscillation in solar activity is known as the Eddy solar cycle.53 Another study discussed 
the existence of an ~1,470 year climate cycle and explored its possible origins, 
incorporating orbital, solar and lunar forcing.54
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Approaches to Modelling Climate

It is possible to differentiate between at least two significantly different 
approaches to generating mathematical models representing climatic 
phenomena, for example temperatures. One approach generally incorporates 
development and application of physical models of the system. This is an 
approach widely used in many areas of science and can indeed be extremely 
valuable. However, the accurate formulation of this type of model depends on a 
good understanding of the underlying physical, chemical or biological processes 
to enable expression in a reliable mathematical form. This potentially becomes 
a formidable problem when dealing with very complex natural systems such as 
the climate of the earth that include the effects of many sub-systems such as solar 
influences that are themselves not well understood. 

The IPCC generally endorses and reports the application of physical models and 
they have been widely relied on for the forecasting of future climate scenarios.1, 

55 In particular, general circulation models (GCMs) are mathematical models 
extensively used to represent physical processes of the atmosphere and ocean 
and have been used to generate a response of global climate to increasing 
greenhouse gas emissions.56-63 GCMs have been extensively used in attempts to 
differentiate between natural and anthropogenic (man-made) global warming; 
for example, in Eastern China64 GCMs have been used65 to show that GHG 
forcing is the primary driver of the surface warming over land in arid and 
semi-arid regions of the globe between 1946 and 2005, and the contribution 
from natural influences is negligible. Studies using GCMs66 concluded that 
the observed warming over northern South America 1983-2012 has an 
anthropogenic origin. In another investigation with GCMs67 it was concluded that 
anthropogenic influences are responsible for 0.3–0.5°C per century warming 
during the 20th century. However, the complexity of the climate system and the 
requirement to have a good a priori understanding of the underlying physical 
processes that are being mathematically incorporated into the models leads to 
the questioning of their reliability. 

An alternative approach to development and application of physical models is 
to analyse the available data using mathematical techniques such as spectral 
analysis and artificial intelligence (AI). This approach does not require an 
assumed initial deep understanding of the very complex processes and the 
ability to express these in a mathematical form. This approach is described as 
“data driven” and may enable a better understanding of the underlying physical 
processes to emerge as an outcome of the modelling, rather than having an 
assumed well-developed understanding at the outset. 
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Our own research focussing on forecasting of monthly rainfall for regions of Australia 
using neural networks have shown that the forecast skill is much better than is presently 
achievable through application of GCMs.68-79 Recently researchers have developed 
a new artificial intelligence tool, also using neural networks called IceNet,80 that can 
accurately forecast changes in Arctic Sea ice. Arctic sea ice is a crucial component of 
the global climate system, and evidence is mounting that Arctic Sea ice loss influences 
weather and climate beyond the Arctic region. IceNet can predict with an accuracy 
of 95 percent whether sea ice will be present two months ahead. In contrast to 
conventional forecasting systems that attempt to generate a model by applying the 
laws of physics directly, IceNet is based on a concept called deep learning, a type 
of AI using neural networks. The researchers used decades of observational data 
concerning ice sea levels and commented that deep learning algorithms have been 
a game-changer in diverse areas where large volumes of data are available, using 
multiple nonlinear processing layers to extract increasingly high-level information from 
unprocessed input data. IceNet outperformed the leading physical model, SEAS5, 
in seasonal predictions of Arctic Sea ice. A further benefit of IceNet is speed - once 
trained, IceNet runs over 2,000 times faster on a laptop than SEAS5 running on 
a supercomputer. This illustrates an important point in the general area of climatic 
investigations. GCMs are extremely expensive to set up and deploy so that this type 
of modelling is accessible only to those with government funding, whereas data driven 
approaches can be used by a much wider spectrum of scientists as laptop computers 
rather than supercomputers can be usefully deployed. 

It is encouraging that there is perhaps now emerging some realisation among the more 
traditional climate science community that because of the complexity of the climate 
systems, data driven approaches including AI may indeed lead to more reliable 
conclusions than exclusive reliance on physical models. Our own attempts several 
years ago to interest the Australian BOM in rainfall forecasting using AI methods met 
with indifference. Its response was that it was not interested in having to learn anything 
new such as AI. An inherent limitation of the IPCC approach is that government funded 
agencies have become heavily entrenched in application of questionable physical 
models with massive spending in narrow approaches reliant upon GCMs.

It needs to be recognised that the reliability of physical models is constrained by the 
assumptions made in their initial formulation. If the models are assembled so that the 
only way warming trends arise is from an assumed linkage with greenhouse gases, 
then the model will almost certainly be constrained by that limitation in the outputs 
generated. The great advantage in using a data driven approach such as AI is that 
no such limitations are imposed at the outset and the data is enabled to “speak for 
itself”. There are obviously limitations such as the availability of sufficient data, but the 
available published results so far including applications to rainfall, temperatures and 
sea ice are very promising and should not be ignored by the IPCC. 
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The IPCC Pursuit of Scientific Consensus

The IPCC has long maintained the position that human activities are dominant in 
causing global warming in recent decades: 

Quoting from IPCC’s 5th Assessment Report in 2013 (IPCC Working Group 1’s 
Summary for Policymakers, p15):

It is extremely likely that human influence has been the dominant cause of the 
observed warming since the mid-20th century. It is extremely likely that more than 
half of the observed increase in global average surface temperature from 1951 to 
2010 was caused by the anthropogenic increase in greenhouse gas concentrations 
and other anthropogenic forcings together. The best estimate of the human-induced 
contribution to warming is similar to the observed warming over this period.

Quoting from IPCC’s 4th Assessment Report in 2007 (IPCC Working Group 1’s 
Summary for Policymakers p.10):

Most of the observed increase in global average temperatures since the mid-20th 
century is very likely due to the observed increase in anthropogenic greenhouse 
gas concentrations.

There have been many reviews and articles published over the same period that 
reached the opposite conclusion, providing evidence that much of the global warming 
since the mid-20th century and earlier could be explained in terms of solar variability.2 

In their review, Connolly et al considered possible reasons why the IPCC does not take 
a more balanced and scientifically sound approach to considering alternative possible 
causes of global warming.2 One factor they believe is highly relevant is that a primary 
goal of the IPCC reports is to “speak with one voice for climate science”81 projecting 
the idea that there is a single “scientific consensus”. However, many researchers have 
noted that this has been achieved by suppressing dissenting views on any issues where 
there is still scientific disagreement.2, 82-85 Consequently, an accurate knowledge of 
those issues where there is ongoing scientific disagreement is often absent from the 
IPCC reports.2 Hulme39 has commented:

The drive for consensus within the IPCC process, and its subsequent public 
marketing, has become a source of scientific weakness rather than of scientific 
strength in the turbulent social discourses on climate change.

Connolly et al also suggest that scientific results that might potentially interfere with 
political goals are unwelcome.2 The PMOD dataset describing TSI discussed above is 
more politically advantageous to justify the ongoing considerable political and social 
efforts to reduce greenhouse gas emissions under the assumption that the observed 
global warming since the late-19th century is mostly due to greenhouse gases. This 
dataset is therefore considered in studies acceptable to the IPCC while the existence of 
alternatives (ACRIM in particular) is disregarded. 
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In addition, most of the funding for climate research and associated employment 
are linked to entities with political constraints such as universities and government 
agencies.90 Therefore, even if it were to be demonstrated that there were a majority 
of publications or authors endorsing the present IPCC viewpoint – yet short of a 
‘consensus’ - this would not achieve the desired image of certainty, because there 
are few active scientists (who needs must consider their research funding and future 
employment opportunities) with a willingness and capacity to openly question. 

With the current intense focus on the “climate crisis” and the unjustified assumption that, 
with near certainty, global warming is almost entirely caused by human activities, it 
is very important that the public and policymakers are made aware that this complex 
area of science is not settled and there is no consensus. 
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