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Preface  

On 1 January 2026, I assumed the position of Editor-in-Chief of Science of Climate Change, 
succeeding Professor Hermann Harde. It is a great honour, as well as a considerable responsibil-
ity, to continue the work of those who established and developed the journal and to guide it 
through the next stage of its scientific and institutional development. 

Science of Climate Change is an independent, peer-reviewed and fully open-access scholarly jour-
nal devoted to advancing scientific understanding of the Earth’s climate system and its governing 
processes. It welcomes original research articles, review papers, methodological studies, data 
analyses, essays, commentaries and scholarly discussion covering climate variability and change 
across different spatial and temporal scales. Its scope extends across atmospheric sciences, mete-
orology, hydrology and water resources, land-atmosphere interactions, oceanic and cryospheric 
processes, paleoclimate, remote sensing, climate-data analysis, Earth-system modelling, and solar 
and astronomical influences on climate.  

The establishment and subsequent progress of the journal have depended on the commitment of 
several editors and many supporting colleagues. The origins of SCC can be traced to 2020, when 
Professor Nils-Axel Mörner accepted the role of Chief Editor during the journal’s initial for-
mation. Regrettably, he passed away before the publication of the first issue. Geir Hasnes subse-
quently undertook the demanding work of leading the journal through its founding phase, and the 
first issue appeared in August 2021.  

Professor Jan-Erik Solheim served as Chief Editor from October 2022 through the end of 2023 
and made a major contribution to the journal’s early development, publication programme and 
international outreach. His contribution did not end with his term as Chief Editor. He continues 
to support Science of Climate Change actively through his participation in the Extended Board, 
his scientific advice, his engagement with authors and contributors, and his assistance with the 
journal’s editorial and organisational activities. His continuing commitment, experience and close 
association with the journal remain highly valuable to its present operation and future develop-
ment.  

From 2024 until the end of 2025, Professor Hermann Harde served as Editor-in-Chief. I wish to 
express my sincere appreciation for his outstanding scientific, editorial and organisational contri-
bution. Through his sustained commitment, meticulous editorial work and close involvement in 
the review and production processes, he played a decisive role in consolidating the journal’s sci-
entific identity, maintaining its publication programme and strengthening its international profile. 
The orderly transfer of editorial responsibility provided a strong foundation upon which the jour-
nal can continue to develop.  

The institutional development of SCC also represents an important achievement. The journal has 
been published since the beginning of 2025 by the SCC Publishing Association, strengthening its 
status as an independently operating, not-for-profit scientific publication. Its open-access model 
ensures that all published contributions are immediately and freely available to readers world-
wide, while moderate publication charges support editorial administration, peer-review coordina-
tion and digital dissemination. This progress would not have been possible without the dedicated 
contribution of Stein Storlie Bergsmark, who currently chairs the SCC Publishing Association. 
His organisational work, institutional support and continuing engagement have been essential to 
the operation, stability and development of the journal. 

I also wish to acknowledge the substantial contribution of the Co-Editors as their scientific ex-
pertise, editorial judgement and willingness to coordinate peer review have been indispensable to 
maintaining the quality and continuity of the journal. I am particularly pleased that Professor 
Hermann Harde will continue contributing to SCC as a Co-Editor, allowing the journal to benefit 
from his extensive editorial experience. 
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Special recognition is due to Jan Guttulsrud, the SCC Secretary, for his dependable administrative 
assistance and his contribution to the journal’s day-to-day operation.  

Finally, I wish to thank all authors who have entrusted their research and ideas to Science of 
Climate Change. Since its establishment, the journal has published original research articles, re-
view papers, essays, discussion and debate papers, commentaries, conference proceedings, book 
reviews and other scholarly contributions. The diversity of these publications reflects both the 
breadth of climate science and the journal’s commitment to substantive scientific discussion.  

As Editor-in-Chief, my objective is to preserve SCC’s intellectual independence while further 
strengthening its scientific standards, peer-review procedures, editorial transparency and interna-
tional visibility. The journal will continue to welcome rigorous research across the broad field of 
climate science and related areas, including contributions that test, refine or challenge existing 
interpretations.  

I look forward to working closely with SCC Publishing, the Co-Editors, the Extended Board, the 
SCC Secretary, reviewers and authors in continuing the development of the journal. 

Nikolaos Malamos 
Editor-in-Chief 
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Editorial 

The present issue 6.1 covers publications accepted during the first half of 2026. It contains five 
research articles, two essays, one invited address and one corrigendum. The contributions address 
a broad range of subjects, including paleoclimatic temperature variability, the statistical analysis 
of possible climate drivers, ocean heat-content and Earth Energy Imbalance estimates, the eco-
nomic and institutional dimensions of climate policy, observation-based assessments of the pre-
sent climate, alternative hypotheses concerning recent warming, and laboratory investigations of 
radiative and convective heat transfer. 

Les Hatton examines whether a temperature rise of approximately 1.1 °C within one century 
should be considered unusual when viewed in the context of the EPICA-Vostok ice-core record. 
Using century-scale temperature estimates extending approximately 800,000 years into the past, 
the author separates the record into interglacial rises, interglacial declines, ice ages and longer 
comparative periods. His analysis indicates that temperature changes of at least 1.1 °C per century 
occur relatively frequently during the present interglacial: approximately 16% of the centuries 
since the end of the last ice age exhibit an increase of this magnitude or greater. By contrast, such 
changes are reported to be absent or highly unusual in the older sections of the record, particularly 
before approximately 200,000 years ago. The study therefore identifies a marked increase in cen-
tury-to-century temperature variability during the more recent part of the ice-core record, although 
the author notes that it remains uncertain whether this represents a physical climatic phenomenon 
or an effect associated with the temporal resolution of the proxy record. The study is accompanied 
by the dataset and software used to reproduce its analyses and figures. 

Dai Ato investigates the relationships among solar activity, absorbed shortwave radiation, global 
sea-surface temperature, near-surface specific humidity and atmospheric CO₂ during the satellite 
era, primarily from 2000 onwards. The study combines time-lag examination with multiple linear 
regression, using adjusted global sea-surface temperature as the dependent variable and absorbed 
shortwave radiation, total solar irradiance and CO₂ as explanatory variables. The author reports 
that absorbed shortwave radiation and total solar irradiance are the principal positive predictors 
in the selected regression model, whereas the independent contribution attributed to CO₂ is com-
paratively small. The temporal analysis further indicates that variations in sea-surface temperature 
precede corresponding changes in specific humidity by several months. On this basis, the author 
challenges the conventional representation of water vapour as a positive feedback initiated by 
CO₂-driven warming. The exceptional global warmth of 2023 and 2024 is also examined, with 
the study attributing the event mainly to variations in solar activity, absorbed shortwave radiation 
and planetary albedo rather than to the Hunga Tonga–Hunga Ha'apai eruption or an increase in 
atmospheric water vapour. The paper includes supplementary discussions of climate-model as-
sumptions, carbon-isotope evidence and updates to the author’s previous analyses. 

The issue also contains a corrigendum by Antero Ollila concerning his previously article pub-
lished in Vol. 5.3 “Radiative Forcing of Water Vapour and its Use in Climate Models”. The cor-
rigendum provides the corrected expression for Equation (2). The author confirms that the error 
was typographical and had no effect on the calculations, results or conclusions of the original 
article. 

Jonathan Cohler, David R. Legates, Kesten C. Green, Ole Humlum, Franklin Soon and Willie 
Soon critically examine the methods used to derive global Ocean Heat Content and Earth Energy 
Imbalance estimates from the Argo profiling-float programme. The authors review the complete 
measurement and processing chain, including the spatial and temporal distribution of the floats, 
the lack of direct information on their subsurface trajectories, the restriction of most measure-
ments to the upper 2,000 m of the ocean, the construction of reference climatologies, and the 
subsequent interpolation and integration of temperature anomalies over global three-dimensional 
grids. Particular attention is given to the distinction between temperature as an intensive property 
and thermal energy as an extensive quantity. The authors argue that assigning sparse temperature 
observations to large unsampled ocean volumes and integrating interpolated anomalies does not 
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produce a thermodynamically well-defined measurement of global ocean thermal energy. The 
study also evaluates uncertainties associated with mesoscale variability, undersampling of the 
deep and polar oceans, positional and temporal offsets, baseline selection and interpolation as-
sumptions. The authors estimate that the combined structural uncertainty of annual-to-decadal 
Earth Energy Imbalance calculations is at least approximately ±1 Wm⁻² at the 95% confidence 
level. They consequently argue that the frequently reported central estimate of approximately 
0.7 Wm⁻² cannot be distinguished reliably from zero at the stated level of uncertainty. They fur-
ther contend that satellite-derived top-of-atmosphere radiation products constrained using Ocean 
Heat Content estimates cannot provide a fully independent confirmation of the imbalance. The 
article concludes that present Argo-based estimates are computational products whose values de-
pend strongly on methodological assumptions and should not be treated as direct measurements 
of a conserved global physical quantity. 

In an address originally delivered at the 2026 Annual Meeting of the Norwegian Klimarealistene, 
Václav Klaus discusses the future role of Clintel and the wider institutional and political context 
of climate debate. As the recently appointed President of Clintel, he considers whether the organ-
isation should primarily operate as an advocacy group, an umbrella network for independent re-
searchers and organisations, or a platform for publishing scientific and policy-related material. 
He emphasises the distinction between rational scepticism and simple rejection, and argues that 
scientific questions cannot be regarded as permanently settled. A substantial part of the address 
concerns the economic dimensions of environmental and climate policy. Klaus criticises the con-
cepts of limits to growth, central economic planning and extensive regulatory intervention, and 
stresses the coordinating function of market prices. He also discusses emissions-trading systems, 
the treatment of environmental externalities and the importance of discounting in evaluating long-
term policies and investments. In his view, climate-policy discussions frequently neglect oppor-
tunity costs and the broader economic consequences of regulatory decisions. The address con-
cludes by calling for greater involvement of economists in the climate debate and for continued 
critical examination of European climate and energy policies. 

David Shelley places contemporary climate change within a long geological and paleoclimatic 
perspective. The essay examines glacial–interglacial cycles over approximately the last million 
years and compares the present climate with both earlier interglacials and the much warmer con-
ditions that prevailed during substantial portions of the Phanerozoic. The author argues that the 
current climate remains unusually cold in the longer geological context and that recent warming 
does not constitute evidence of an unprecedented climatic crisis. The essay also questions whether 
the increase in atmospheric CO₂ can adequately explain the observed sequence of recent warming. 
Shelley emphasises the large thermal capacity of the oceans and notes that, in the observational 
sequences considered, changes in ocean temperature appear to precede changes in atmospheric 
temperature. He proposes that variations in absorbed solar energy, potentially associated with 
changes in cloud cover, provide a plausible explanation for ocean warming. The author therefore 
argues that climate research should give greater attention to the processes controlling ocean heat 
uptake and sea-surface temperature. In discussing the longer-term future, he considers eventual 
cooling and a return to glacial conditions more probable than indefinite warming, while also dis-
tinguishing climate considerations from the need to develop alternatives to finite fossil-fuel re-
sources. 

Ole Humlum presents an observation-based overview of the state of the global and Arctic climate 
during 2025. The essay reviews atmospheric and ocean temperatures, sea-level observations, Arc-
tic sea ice, Northern Hemisphere snow cover, tropical cyclones, accumulated cyclone energy, 
global precipitation and cloud-cover records. The author reports a slight reduction in global tem-
perature during 2025 compared with the exceptionally warm preceding years, while emphasising 
substantial geographical differences among individual observational records. The analysis iden-
tifies no clear long-term trend in several commonly cited indicators of climatic extremes, includ-
ing tropical-cyclone frequency, accumulated cyclone energy and global precipitation. Arctic Sep-
tember sea-ice extent is described as variable but relatively stable during the most recent years, 
while Northern Hemisphere snow cover is reported to show little overall change across approxi-
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mately five decades. Humlum also draws attention to a reduction in global cloud cover since the 
mid-1980s, coinciding with increasing global temperature. Based on the observed temporal se-
quence in which sea-surface temperature changes precede changes in the lower atmosphere and 
over land, he identifies the ocean surface as a central regulator of atmospheric temperature. The 
essay concludes that the principal unresolved research question is what controls global sea-surface 
temperature, with solar variability modulated by cloud cover proposed as a leading candidate. 

Roger Higgs evaluates the relationship between solar variability and global temperature over ap-
proximately the last 9,000 years and considers whether the additional warming observed since the 
mid-twentieth century might be associated primarily with airborne black carbon rather than CO₂. 
By visually matching long-term solar and temperature reconstructions, the author identifies a var-
iable lag of approximately 100–225 years, with a typical value near 150 years, which he associates 
with the thermal inertia of the oceans. He reports that the temperature and solar records become 
increasingly decoupled after approximately 1940, when observed warmth appears greater than 
would be expected from the corresponding solar reconstruction. To investigate this divergence, 
the paper examines the geographical distribution of recent warming and the occurrence of several 
pauses in the global temperature record. The author argues that the faster warming observed over 
land than over the oceans, and in the Northern compared with the Southern Hemisphere, is more 
consistent with the uneven spatial distribution of black-carbon emissions than with a well-mixed 
atmospheric gas. The paper therefore proposes that soot emitted from coal, diesel oil and biomass 
combustion may account for a substantial proportion of the anthropogenic component of recent 
warming. This hypothesis leads the author to recommend stabilising and eventually reducing coal 
and oil combustion, while considering natural gas as a comparatively low-soot transitional fuel 
until alternative energy technologies become sufficiently available. 

Finally, Michael Schnell and Hermann Harde present controlled laboratory investigations of the 
interaction between radiative and convective heat-transfer processes. Their experimental appa-
ratus consists of a temperature-controlled cylindrical chamber containing a heated blackened al-
uminium plate representing the Earth’s surface. By positioning the heated plate either below or 
above the cooler cylinder walls, the authors create configurations in which convection is respec-
tively enabled or strongly suppressed. Hydrocarbon gas, CO₂ and the infrared-inactive gas argon 
are introduced to distinguish radiative effects from changes associated with gas density, thermal 
conductivity and the temporary formation of a heavier gas layer. When the heated plate is located 
at the bottom of the chamber, all three gases initially produce a temperature increase, including 
argon. The authors interpret this initial response not as evidence of a greenhouse radiative effect, 
but as the result of temporarily inhibited convection caused by the denser gas layer surrounding 
the heated plate. After diffusion and homogenisation of the gas, the measurements reveal smaller 
effects attributable to radiative transfer. Comparing the convective and non-convective configu-
rations, the authors find that convection substantially reduces the temperature response associated 
with the infrared-active gases. The study therefore demonstrates that radiative, convective and 
conductive processes cannot be treated independently and that laboratory demonstrations attrib-
uting an observed temperature increase solely to greenhouse-gas radiation may be misleading 
when changes in convection are not adequately controlled. 

Together, the contributions in this issue examine climate variability and climate-system processes 
across a wide range of temporal and spatial scales, from laboratory experiments and satellite-era 
observations to glacial cycles and geological time. They also illustrate the importance of trans-
parent data analysis, the explicit examination of assumptions and uncertainties, and the continued 
testing of competing explanations. We hope that these contributions will encourage further criti-
cal, evidence-based discussion of climate science and its broader scientific, economic and societal 
implications. We wish our readers an engaging and thought-provoking reading. 

Oslo, June 30, 2026 

Nikolaos Malamos 
Editor-in-Chief 
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Is a 1.1°C Rise in a Century Unusual? 

A Study of Interglacials in the Epica-Vostok Dataset 

 Les Hatton 

Emeritus Professor of Computer Science, Kingston University, UK 

 

Abstract 

Much public discourse in global warming centres around the oft-quoted rise in temperature of 
approximately 1.1°C in global average temperature in the post-industrial period.  This is consid-
ered in some quarters to constitute a “Climate Emergency” demanding “Climate Action”.  In this 
paper we first dissect the background behind this number and what it means. Second, we use the 
Epica-Vostok Ice core dataset, a single proxy dataset for temperature data sampled every century 
for the last 800,000 years or so and ask the question “Is a 1.1°C temperature rise in a century 
unusual in this dataset?” 

The answer is surprising.  By considering interglacial onsets and decays as well as intermediating 
Ice Ages, it turns out that a rise of this amount would have been considered unusual more than 
200,000 years ago, but this rise is not unusual in the current interglacial which started some 20,000 
years ago with around 16% of all centuries since the last Ice Age exhibiting a temperature rise of 
at least 1.1°C.  None of these could have anthropogenic components as they pre-dated the indus-
trial era. This result suggests that attempts to partition the current rise into anthropogenic and non- 
anthropogenic components are questionable given that it is not even unusual. 

 

Keywords: Greenhouse effect; interglacial temperature fluctuations; Increasing temperature var-
iability. 

Submitted 2025-05-22, Accepted 2026-01-15, https://doi.org/10.53234/scc202603/05 

1. Introduction 

The ratio of natural to anthropogenic components in the warming noted in the last 100 years is a 
matter of lively debate with arguments ranging from one extreme, that very little is down to us all 
the way to those arguing that it is all down to our fossil fuel CO2 emissions, for example using 
complex model-based efforts (e.g. Forster et. al. 2023).  If the former, then little can be done about 
the warming process so our efforts must be focused on dealing with  likely effects.  If the latter, 
then we can legitimately continue trying to limit the warming or even perhaps reverse it. However, 
there are prior questions which should be answered before arguments over attribution. First, what 
does a 1.1°C rise in global average temperature actually mean? Second, is a 1.1°C rise in a century  
unusual and if so, how unusual?  If such a rise is highly unusual, then it is entirely valid to identify 
as far as possible the contributing elements.  On the other hand, if it is not unusual, then we must 
question the relevance of seeking attribution. 

Most of the discourse about a 1.1°C rise in a century relates to the global average temperature 
trend such as that shown in reports AR3 and AR6 of the IPCC (Intergovernmental Panel on Cli-
mate Change) for the last 1000 years, (also known as the “Hockey-Stick” graph).  Such tempera-
ture trends are derived using various proxies for temperature, such as tree rings and corals, merged 
with modern thermometric data of the last 150 years. Unfortunately, a single global average tem-
perature is a slippery concept to deal with in comparison with datasets acquired in a particular 
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location as we do here.  Unlike measurements taken at a single location, a single global average 
temperature is not the result of a physical experiment. Instead it is a statistical amalgam with 
many assumptions of numerous proxies for temperature. Some idea of the complexities in indi-
vidual stations can be seen for example in Sonnadara (2020), where the average annual tempera-
ture at a Sri Lankan mountain station follows the IPCC reported trend but this is all found in a 
rise in the annual average minimum temperature.  There is no change in the annual average max-
imum temperature in the last century.  As such calculating a global average temperature is opaque 
at best and perhaps worst of all, it is effectively impossible to compare against comparable periods 
in the far past. It certainly seems to be a questionable measure on which to base policy. However 
it is at least calibrated in °C so we can reasonably compare it with the results of measuring a 
temperature record at a single location for which the Epica-Vostok Ice Cores give an excellent 
example.  We note of course that like any individual location, Antarctica might not be representa-
tive of the “global average” temperature, but we are looking for temperature changes. 

We will not therefore attempt to unravel the complexity of a global average. Instead a better-
defined but closely related question will be asked and answered. 

Is a 1.1°C rise in a century an unusual event in a “pure” dataset i.e. one recorded at a single 
location in a consistent manner over a long period? 

In this paper we take a very simple data-driven view to answer this question, and we use the 
publicly available Epica-Vostok Ice Core datasets which stretch back some 800,000 years and 
specifically the dataset Epica-tpt-co2.csv1.  This dataset lists the temperature change in °C and 
the  CO2 level in ppm for every intervening century. 

1.1 Statement of reproducibility 

This paper is accompanied by a downloadable package2 which includes the original dataset used 
for analysis and the plotting and analysis software used to re-create all of the figures and conclu-
sions following the strictures of Ince et. al. 2012 and Hatton & Warr 2016. 

1.2 The Epica-Vostok Ice Core dataset 

EPICA (European Project for Ice Coring in Antarctica) is a multi-national project for deep ice 
core drilling in Antarctica (Epica 2025) coordinating drilling at Dome C and Kohnen station.  
There are other coring sites in Antarctica such as Vostok, operated by Russia.  Ice core data is a 
proxy for temperature in the following sense. The temperature and CO2 levels at a particular level 
in the ice-core can be inferred from oxygen and deuterium isotope levels in the tiny bubbles 
trapped in the ice as the surface snow is buried and compacted over the centuries. The cores are 
analysed and data is output at the rate of one temperature and  CO2 sample per century.  The data 
from Vostok extends back around 420,000 years before which the cores contain no climate infor-
mation owing to the presence of ice re-frozen from the waters of Lake Vostok which lies under-
neath.  The data from Dome C provides climate data reaching back some 800,000 years and cor-
relates well with the Vostok data where they overlap in time (EPICA Community members 2004). 

The ice core datasets remain one of the few consistent measurement handles we have on what 
was actually happening in the last 800,000 years or so. This may sound an age, but if we represent 
life on earth by one hour on a clock, this measurement dataset tells us what happened in the last 
second. We do not as yet have any better measurement data either more fine-grained or longer 
lasting, partly of course because the ice-core datasets in Antarctica where the ice is on average 
around 2km. thick, are just about as deep as it is possible to go on earth, although the project 
“Beyond EPICA – Oldest ice” due to report shortly may well extend this back to 1.2 million years 
before the present day (Beyond EPICA 2025). 

 

1 http://www.climatedata.info/proxies/data-downloads/, accessed 05-Dec-2025 
2 https://leshatton.org/ClimateChangeCenturyRise.html, accessed 09-Dec-2025 
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Figure 1: The Vostok ice core dataset for the last 800,000+ years. This dataset has not been processed 
in any way and is the original raw dataset. Note that although the temperature scale is shown around 
zero, the data must be biased by -55°C to produce a surface temperature estimate. 

2. Analysing the data 

Let’s consider this dataset in more detail. 

2.1 The current entire dataset 800,000 – 0 years ago. 

Studying Fig. 1, we can see a number of features in the temperature, noting that only the last 
datapoint could contain any anthropogenic effects. 

- Most of the time in the last 800,000 years or so, the earth has been significantly cooler than 
today (i.e. less than 0°C on this plot). 

- There are a series of sharp peaks of temperature.  These are known as interglacials. 

- These peaks appear to be getting hotter.  There is a significant rise 400,000 years ago with a 
generally increasing trend ever since. 

- The peaks are followed by an equally steep fall in temperature.  These periods are Ice Ages 
and generally last longer than the interglacials. 

- The previous interglacial about 120,000 years ago was hotter than this one, (so far).  It was in 
fact almost 4°C hotter. 

- The last Ice Age, which finished about 20,000 years ago was the coldest of the last 800,000 
years and more than 11°C cooler than pre-industrial times.  Ice Ages are getting colder. 

- CO2 levels in this dataset vary between about 170 ppm and 280 ppm.  In the last century, this 
has shot up to about 420 ppm. 

We also note in passing that the lowest CO2 level in this dataset is 171.6 ppm, not very much 
above the 150 ppm necessary to sustain land-based plant photosynthesis.  If it had fallen this low, 
such photosynthesis would have ceased, almost certainly triggering a mass extinction of land-
based life forms; a near miss.  In fact in 556 centuries of this dataset,  CO2 levels were below 190 
ppm.  Beyond these comments, we say nothing more of the  CO2 data. 

Let us now zoom in on the last two interglacials as shown in Fig. 2. 
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Figure 2: The Vostok ice core dataset for the last 200,000 years.  

On this zoomed scale, it is beginning to become apparent just how variable the temperature is 
century on century.  It is believed that global average temperatures have climbed by about 1.1°C 
in the last 100 years3.   Let us therefore ask a couple of questions. 

2.1 How unusual is a 1.1°C rise in one century? 

We cannot answer this question with global average temperatures as described earlier, but statis-
tically, this is a very simple question to answer with a single-proxy consistent dataset as good as 
this, but first we must extract all the rises and falls within a given period.  Then we must under-
stand how they are distributed before we use the distribution to make statements of how unusual 
a particular rise or fall might be. 

As an aid to what follows, let us define four kinds of regime for this dataset based on a visual 
inspection of Fig. 1. 

- Interglacial rise.  This we define as the period of an interglacial when temperatures are climb-
ing out of a preceding Ice Age. 

- Interglacial fall.  This we define as the period of an interglacial when temperatures are falling 
into a succeeding Ice Age. 

- Ice age.  The period between an Interglacial fall and an Interglacial rise. 

- Other.  Longer periods for comparison. 

The motivation for this categorisation is that it would be expected that temperatures would be 
more likely to rise century on century in an Interglacial rise than for example in an Interglacial 
fall, but this we will test.  

The last 20,000 years 

It is important to note that we live in an Interglacial rise, a period of generally rising temperature.  
As can be seen in Fig. 2, temperatures have climbed by about 12°C since we emerged from the 
last Ice Age some 20,000 years ago.  In other words, on average they have increased by about 

 

3 The graph on https://earthobservatory.nasa.gov/world-of-change/global-temperatures, accessed 03-May-
2025, shows a rise from -0.25°C to +0.8°C between 1922 and 2022.  This gives about 1.05°C.  This has 
been rounded up to 1.1°C for this paper.  See also the climate model simulation based study by Gillett et 
al. (2021) who quote a similar figure albeit over 150 years. 
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12/200 = 0.06°C  per century.  Just after the Ice Age ended, the rate of increase was almost twice 
as high at around 0.1°C per century.  Since then it has continued to rise but more slowly although 
with considerable century on century variability.  If we analyse this century on century variability 
as a histogram, we get Fig. 3.  The vertical blue dotted line indicates where on this histogram a 
1.1°C rise per century would appear. 

 

Figure 3: The ice core dataset for the last 20,000 years partitioned into a density histogram of temper-
ature changes in each of the 200 centuries.  The blue vertical line corresponds to a 1.1°C rise. 

Fig. 3 has a look of normality so we will apply the Shapiro-Wilks test. This gives a p-value of 
0.66.  In the Shapiro-Wilks test, any p-value larger than 0.05 suggests we can assume normality 
as a reasonable guess.  This conveniently allows us to use a simple Z test to see how unusual a 
1.1°C rise actually is in this dataset. 

When we do this, we find that the probability of a rise of at least 1.1°C is actually unexpectedly 
high at 0.16.  In other words, a rise of 1.1°C in the current interglacial is not significant at any 
accepted level, (normally taken as < 0.05). 

This immediately begs the question as to whether Interglacial rises are different from Interglacial 
falls and Ice ages with regard to temperature fluctuations. 

Extending to the last interglacial 

Table 1 shows an extension of this to different regions of Fig. 1 within the last 150,000 years to 
encompass the previous interglacial and the Ice Age in between it and the current interglacial.  
pshapiro is the p-value returned by the Shapiro-Wilks built-in test in R.  Values greater than 0.05 
indicate that normality is a reasonable approximation, which is the case for all these entries.  P(T 
> 1.1) is the probability in the stated period in which a temperature rise greater than 1.1°C oc-
curred. 

Table 1:  Shapiro-Wilks tests and significance tests for a T=1.1°C rise in a century for different periods. 

Start End pshapiro P(T 1.1°C) Category 

-20,000 0 0.658 0.158 Interglacial-rise 

-55,000 -20,000 0.199 0.086 Ice-age 

-100,000 -30,000 0.131 0.082 Ice-age 

-124,000 -110,000 0.284 0.056 Interglacial-fall 

-130,000 -115,000 0.245 0.059 Interglacial-fall 

-140,000 -130,000 0.107 0.112 Interglacial-rise 

In all of the periods shown, a temperature rise of at least 1.1°C is not unusual at any acceptable 
level of statistical significance, although as we might expect, it is closest during an Interglacial 
fall when the temperature trend is generally downward. 
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Extending to times before 200,000 years ago 

When we continue this analysis earlier in the dataset, we get the results shown in Table 2. 

Table 2: Shapiro-Wilks tests and fraction of centuries with at least a T=1.1°C rise in a century for dif-
ferent periods starting earlier than 200,000 years  ago. 

Start End pshapiro Fraction (T  1.1) Category 

-330,000 -310,000 0.034 0.000 Interglacial-fall 

-390,000 -340,000 0.000 0.000 Ice-age 

-400,000 -350,000 0.000 0.000 Interglacial-fall 

-800,000 -450,000 0.000 0.000 Five-early-interglacials 

The data in Table 2 show two important factors.  The residuals are no longer normally distributed, 
so we just compute the fraction of centuries with which a 1.1°C rise occurs in each population, 
and this can be seen to be substantially less than that shown in Table 1. 

Since the distributions of Table 2 are no longer normal, it is useful to show them graphically as 
we see in Figs. 4 and 5, which have the same horizontal scale as Fig. 3. 

  

Figure 4: Comparison of distributions of temperature changes in a century for the following periods 
(left) 330,000 - 310,000 ya; (right) 390,000 - 340,000 ya.  The blue vertical line corresponds to a 1.1°C 
rise. 

  

Figure 5: Comparison of distributions of temperature changes in a century for the following periods 
(left) 400,000 – 350,000 ya;  (right) 800,000 - 450,000 ya. The blue vertical line corresponds to a 1.1°C 
rise. 

The reduction in spread of temperature changes is very clear before 200,000 years ago and the 
further back we go, the smaller the spread.  In all of these, a rise of 1.1°C would be considered 
highly unusual as in the periods shown it never happened. 
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Conclusions 

The Vostok Ice Core data contains numerous interesting features which can be confirmed by any-
body as the data is open. We can conclude the following:  

- A rise of 1.1°C in a century is not unusual in the current interglacial.  In fact 16% of the 
centuries since the end of the last Ice age show a rise at least as big as the current century and 
none of these could have been affected by anthropogenic action. 

- A rise of 1.1°C in a century would have been considered unusual any time more than 200,000 
years ago. For some unknown reason nothing to do with us, the temperature has become more 
volatile in century on century changes in the last 200,000 years.  Whether this  is a physical 
effect or an artifact of isotopic smoothing with time is unknown although there is no evidence 
for the latter on the peaks of the last four interglacials and there is an abrupt change in mag-
nitude of about 4°C in between the last 5 interglacials and the preceding 4 which is atypical 
of a continuous smoothing process. 

- The current interglacial is nothing special. It is currently still more than 3°C cooler than the 
peak of the last one about 130,000 years ago (which was by assumption entirely free of an-
thropogenic effect) and the degree of variability in this data is much the same now as then. 

Given then that a rise of 1.1°C is quite commonplace in this current interglacial and that 
none of the earlier occurrences could have been affected by anthropogenic activity, this 
raises the question of why we are trying to attribute the current rise to anthropogenic effects 
as if it was  unusual. 
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Abstract 

The anthropogenic theory of global warming advocated by the IPCC is based on the theory that 

increased atmospheric carbon dioxide (CO2) from anthropogenic emissions causes warming, 

which in turn increases water vapor, triggering a positive feedback loop that leads to further 

warming and CO2 rise. This study examines the validity of this theory using the best available 

data to date.  

Using meteorological satellite data mainly from year 2000 onwards, the interaction between solar 

activity, global sea surface temperature (G-SST), global specific humidity (G-SpHm) in the earth 

surface, and CO₂ was investigated. Multiple linear regression analysis was performed with G-

SST adjusted for month difference as the dependent variable and absorbed shortwave (ASW) at 

the top of the atmosphere, total solar irradiance (TSI), and CO₂ as explanatory variables. The 

positive independent predictors of G-SST in the best model were ASW and TSI of anomalies (13-

month running mean), with standardized regression coefficients β = 0.657, P = 1.78e-62, and β = 

0.459, P = 7.60e-39, respectively; Model R² = 0.764, P = 7.96e-87. 

Furthermore, G-SST precedes G-SpHm by a few months. No impact was observed on G-SST 

fluctuations by the rise in G-SpHm in 2023 and 2024. These results refute the hypothesis linking 

atmospheric CO₂ and water vapor. This study represents the first report to disprove the positive 

feedback theory underpinning the anthropogenic CO₂ warming hypothesis through verification of 

time lags between elements and multivariate analysis. And the dominating factor in Earth's cli-

mate is still solar activity, even in the 21st century, according to the data provided by world prom-

inent institutions. 

The Appendix includes supplementary material to the main text, flaws in the fundamental as-

sumptions of CO2-dependent climate models, a simple method for distinguishing the origin of 

CO2 increases using carbon isotopes, and updates to the author's previous reports. 

Keywords: climate change; greenhouse effect; humidity; radiative forcing; IPCC; Clintel; Svens-

mark effect; albedo; NASA-CERES; Hunga Tonga-Hunga Ha'apai submarine volcanic eruption; 

El Niño 
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1. Introduction 

Nearly 40 years have passed since the establishment of the IPCC, endorsed by Margaret Thatcher 

[1]. During this time, the IPCC has published six reports. The latest report definitively concludes 

that modern global warming is caused by humans (Sixth Assessment Report [2]). Notably, 

Thatcher herself shifted to expressing scepticism about the anthropogenic theory of climate 
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change in her final book (Hot Air and Global Warming, Section 11 [1]). 

From the very beginning, this debate has involved ongoing disputes with sceptics. Various private 

organizations have produced counter-reports, launched signature campaigns, and made policy 

proposals. In recent years, while differences on specific issues persist, organizations like Clintel 

[3] and CO2 Coalition [4] have vigorously promoted climate change optimism. Furthermore, in 

Europe, private organizations calling themselves climate realists [5] exist in multiple countries 

(European Climate Realist Network, centred on Clintel in the Netherlands, with members in Bel-

gium, Denmark, France, Germany, Ireland, Norway, Portugal, Spain, Sweden, and the UK).  

Italy also has a statement by scientists refuting the anthropogenic theory of global warming [6]. 

Similar organizations can be found worldwide. The meaning of “realist” generally implies: largely 

rejecting the IPCC's anthropogenic theory of global warming; understanding recent climate 

change as a natural phenomenon; recognizing that benefits of CO2 outweigh its drawbacks; and 

adopting a realistic approach. 

One result of this trend was the issuance in August 2025 of an official document by the U.S. 

Department of Energy (DOE) under the Trump administration presenting optimistic projections 

of climate change that effectively rejected the pessimistic views [7]. Furthermore, the U.S. Envi-

ronmental Protection Agency (EPA) also shifted its policy to significantly relax previous regula-

tions on carbon. 

Now, this paper has two primary objectives. The first is to decide whether the increase in atmos-

pheric water vapor was the decisive factor behind the global sudden warming events observed on 

the Earth's surface atmosphere in 2023 and 2024. The second is to use statistical methods to 

demonstrate the fundamental error in the positive feedback hypothesis—one of the main tenets of 

the anthropogenic global warming theory—based on the results of the first objective. The back-

grounds are described below. 

The foundation of the anthropogenic global warming theory relies on the hypothesis that CO₂ is 

the primary driver of the greenhouse effect in Earth's atmosphere and that all modern CO₂ in-

creases originate from human activity. However, the greenhouse effect of CO₂ itself is not actually 

very potent. The rationale is that the temperature rise caused by increased CO₂ leads to increased 

atmospheric water vapor, creating a synergistic effect (a vicious cycle). This theory is called the 

positive feedback theory (IPCC [2, 8, 9]). The IPCC acknowledges water vapor as the most potent 

greenhouse gas. 

Quoting from IPCC Working Group 1 report of the Fifth Assessment [9]: 

Chapter 8, Anthropogenic and Natural Radiative Forcing (FAQ 8.1, P8 or 667) 

Currently, water vapour has the largest greenhouse effect in the Earth’s atmos-

phere. However, other greenhouse gases, primarily CO2, are necessary to sustain 

the presence of water vapour in the atmosphere. Indeed, if these other gases were 

removed from the atmosphere, its temperature would drop sufficiently to induce 

a decrease of water vapour, leading to a runaway drop of the greenhouse effect 

that would plunge the Earth into a frozen state. So, greenhouse gases other than 

water vapour provide the temperature structure that sustains current levels of 

atmospheric water vapour. Therefore, although CO2 is the main anthropogenic 

control knob on climate, water vapour is a strong and fast feedback that amplifies 

any initial forcing by a typical factor between two and three. Water vapour is not 

a significant initial forcing, but is nevertheless a fundamental agent of climate 

change. 

However, doubts have also been raised about the reliability of climate prediction models, includ-

ing this theory. As pointed out by the DOE [7] above, the climate prediction models adopted by 

the IPCC cannot reproduce the past. Furthermore, the author (Ato) would like to add his own 

interpretation here. 

The inability to reproduce the past is synonymous with having no basis. A model 
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with no basis cannot possibly predict the future. Yet IPCC supporters insist that 

despite being based on flawed hypotheses and models, the correctness of this 

model has been proven—that the future will inevitably unfold this way. Such 

claims, however, amount to nothing more than (vicious) circular logic. 

The models adopted by the IPCC are utterly unreliable precisely because they underestimate the 

influence of the sun and clouds. In recent presentations and papers, this has been pointed out by 

Nobel laureate in Physics John Clauser [10] and Grok 3β et al. [11]. Furthermore, IPCC treats the 

theory of positive feedback between rising CO2 and water vapor as if it were fact.  

Regarding solar activity, recent reports primarily focus on Total Solar Irradiance (TSI) (Soon et 

al. [12, 13], Grabyan [14]), and on the so-called Svensmark effect — the interaction between solar 

wind, cosmic rays, and cloud formation, and changes in albedo in the atmosphere (Svensmark et 

al. [15], Miyahara et al. [16], Nikolov and Zeller [17]). Recently, Grabyan [14] summarized re-

ports showing a consistent correlation between TSI and climate change in paleoclimate. 

Moreover, as the author previously demonstrated, the rise in atmospheric CO₂ itself (ΔCO2) is 

mostly a natural phenomenon (Ato [18, 19]). The nearly linear increase in annual anthropogenic 

emissions cannot probabilistically explain the year-to-year instability in ΔCO₂. Similar observa-

tions have been consistently made for some time (Humlum et al. [20], Koutsoyiannis [21], Berry 

[22], Salby and Harde [23], Roth [24], Robbins [25]).  

Furthermore, the very method of reconstructing past CO2 concentrations from Antarctic ice cores, 

which forms the core of the anthropogenic CO2 rise theory, has fatal flaws ([19], Jaworowski et 

al. [26-28]). The IPCC has effectively ignored these reports. Researchers supporting the anthro-

pogenic theory of atmospheric CO2 rise claim that ice core reconstruction methods have improved 

with technology, rendering the reconstructed values problem-free. However, this is simply not 

the case (e.g. Figure 2 in [19]). The fatal flaw in the method linking ice core reconstructions to 

modern measurements became evident when atmospheric methane levels dropped twice in the 

early 21st century (see [18, 19]).  

Despite this, the IPCC-supporting camp has ignored these realities for nearly 40 years. In any 

case, the figure of 280 ppm from the Industrial Revolution, which forms the bedrock of the an-

thropogenic global warming theory, is clearly a grossly underestimated and erroneous value. Fur-

thermore, the data and theories underpinning the IPCC's claims can only be described as the result 

of biased selection in every respect. 

In fact, regarding the sudden warming starting in 2023, Dr. Gavin Schmidt [29], head of NASA 

Goddard Institute for Space Studies (GISS), stated that it cannot be explained by existing 

knowledge. In other words, he himself admitted that the existing CO2 warming hypothesis and 

the existing climate prediction models based on it are unreliable.  

In the climate models favourably adopted by the IPCC, the values at a certain point in time affect 

the next prediction. This is because the positive feedback theory is based on this premise. There-

fore, if one prediction is wrong, everything after that will be wrong. Furthermore, sudden natural 

cooling is also possible in the future. Naturally, this is true even if there is no significant change 

in the concentration of CO2 in the atmosphere itself. The appendix to this paper supplements the 

reasons why the CO2 warming theory cannot be reproduced at all, even with paleoclimate recon-

struction data going back about 10,000 years. Furthermore, the Appendix adds points to basic 

misunderstandings of Dr. Schmidt's paper [29]. 

Multiple explanations have been proposed for the abrupt warming observed from 2023 to 2024. 

The most plausible explanation based on current knowledge is a change in solar energy influx due 

to alterations in albedo in the atmosphere [17]. Meanwhile, the massive release of water vapor 

accompanying the 2022 Hunga Tonga-Hunga Ha'apai submarine volcanic eruption (Vömel et al. 

[30], Vinós and Curry [31]) and, partially, the influence of El Niño has also been proposed. As 

cited above and acknowledged by the IPCC [9], water vapor is effectively the most important 

greenhouse gas in Earth's atmosphere, making this theory worthy of consideration. 

With these backgrounds, this study was conducted. 
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And as Appendix, the following related topics are added. 

* Supplementary content to the main text 

* Understanding the origin of atmospheric CO2 increase by a concept of simple math 

using average of δ13C 

* Update of Ato's existing multivariate analysis of SST and annual CO2 increase values, 

considering time lags 

2. Materials and Methods 

2.1 Used data 

All data used is publicly available. Global temperature indicators primarily utilize lower tropo-

sphere data from the University of Alabama in Huntsville (UAH, Spencer [32]). This is because 

UAH data originates from meteorological satellites and is considered the most objective and it 

has good global coverage. The reason is briefly explained below. Other meteorological satellite-

derived temperature data sources include NOAA-STAR [33] and Remote Sensing Systems (RSS 

[34]).  

Furthermore, multiple facilities provide temperature measurements of the Earth's surface. How-

ever, conventional surface measurement methods raise concerns about failing to fully eliminate 

biases, typically represented by the urban heat island effect (Soon et al. [13], Katata et al. [35], 

Spencer et al. [36]). Specifically, for surface measurements, global average data based has been 

estimated to show a warming trend approximately 20 % higher than those of solely on rural areas 

over a given period [35, 36]. Further details regarding temperature data are provided in the Ap-

pendix.  

However, since UAH data represent lower troposphere temperatures—used as a proxy for sea 

surface temperature (SST) and land surface temperature (LST)—a time lag exists relative to direct 

Earth surface measurements. To verify this monthly difference, data from the UK Hadley Centre 

(HAD) (Met Office [37], Osborn et al. [38], Met Office [39], Kennedy et al. [40]) are used in this 

study. 

As an indicator of water vapor of the earth surface, global specific humidity (G-SpHm) from HAD 

(Met Office [41], Willett et al. [42], Smith et al. [43], Willett et al. [44-45], Freeman et al. [46]) 

was used. Specific humidity represents the amount of water vapor per unit mass of air and is 

generally the most suitable indicator for evaluating actual water vapor content within the range 

typically available.  

Monthly G-SpHm data is provided in NC files. PANOPLY [47] from NASA-GISS was used to 

convert it into text data. From the resulting text files, the “q_anoms” text file was selected, and 

the global monthly averages were calculated. 

Indicators of solar activity are derived from NASA Clouds and the Earth's Radiant Energy System 

(CERES) [48]. The absorbed shortwave influx (ASW) at the top of the atmosphere (TOA), and 

TSI were used (both all sky) (Loeb et al. [49], Kato et al. [50]). ASW can be considered as the 

amount of energy entering the atmosphere directly, unobstructed by clouds (cloud albedo). The 

anomaly of ASW (ASW_Anom) is expressed by the following equation [17]. 

 

           𝐴𝑆𝑊_𝐴𝑛𝑜𝑚 = 𝐼𝑆𝐹_𝐴𝑛𝑜𝑚 − 𝑅𝑆𝑊_𝐴𝑛𝑜𝑚 ≃ −𝑅𝑆𝑊_𝐴𝑛𝑜𝑚                  (1) 

where ISF (Incoming Solar Flux) is a CERES convention of terms. ISF_anom is quite small and 

negligible. And the equation of the supplement file of Nikolov et al. [17] is referred to. RSW is 

reflected shortwave solar flux at TOA. 
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TSI is a long-established indicator of solar activity that shows a consistent correlation with global 

temperatures [12-14]. The anomaly of TSI (TSI_Anom) is expressed by the following equation 

[17]. 

                                𝑇𝑆𝐼_𝐴𝑛𝑜𝑚 = 4 × 𝑆𝑊𝐼_𝐴𝑛𝑜𝑚                                              (2) 

where SWI (Short Wave Incoming flux) is monthly insolation (spherically averaged) at TOA. 

Furthermore, to verify the accuracy of the facility's ASW, correlations with albedo (NASA-

CERES [51], Doelling et al. [52, 53]) were also confirmed. 

Atmospheric CO₂ concentrations were obtained using NOAA's global average (NOAA [54], Lan 

et al. [55]). Since CO₂ has already been established as a dependent variable of SST (or air tem-

perature) ([18-20, 22-25], Koutsoyiannis et al. [56,57]], multivariate analysis using this value as 

the dependent variable is not performed in the main text. 

 

2.2 Analysis Methods and Period - Statistical Analysis 

Data primarily utilizes anomalies. The absolute values used in this study are atmospheric CO2, its 

radiative forcing (supposed), and albedo only. The analysis period spans from 2000 to a maximum 

of July 2025. The reason for starting in 2000 is due to the commencement year of NASA-CERES 

data. The analysis was basically conducted using both raw data and a 13-month running mean 

(13mRM). 

Initially, temperature data between UAH and HAD were compared. Overall, it was confirmed 

that UAH data lags HAD by a few months. This is generally in line with the report by Humlum 

et al. [20] regardless of the methods. 

Next, comparison was made using only UAH data, separately for LST and SST, across both hem-

ispheres and by latitude. This verification confirms that temperature changes at the equator occur 

first. 

Next, the UAH-SST and G-SpHm are compared. Since the oceans are the primary source and 

sink of water vapor on Earth, confirming the time lag between SST and G-SpHm is essential. This 

is also because phenomena like El Niño and La Niña occur near the equator. In this process, it 

was confirmed that tropical SST visually precedes G-SpHm.  

Moreover, UAH data lags HAD surface data by several months. Therefore, within the analyzed 

period, it was confirmed that G-SpHm is a dependent variable of G-SST (or temperature). Based 

on this result, the monthly difference between UAH global ocean data and G-SpHm was exam-

ined using 13mRM (the result is same using raw data). The difference of month was determined 

as the month yielding the highest Pearson correlation coefficient. The same method was applied 

for subsequent difference of month verifications. 

Next, the phase differences ASW and TSI relative to UAH G-SST were examined. This analysis 

was conducted using both raw data and 13mRM. CO2 was analyzed using raw data because no 

significant time lag relative to G-SST was observed, and 13mRM is not meaningful for CO2 itself. 

Multivariate analysis was then performed considering the differences of month with the highest 

correlations between each indicator. This involved multiple linear regression analysis with G-SST 

as the dependent variable and ASW, TSI, and CO2 as explanatory variables. ASW was included 

in each model, and three patterns were created based on the presence or absence of TSI and CO2.  

Although atmospheric CO₂ itself has already been identified as a dependent variable of SST [18, 

19, 25], this was done to verify its minor, secondary influence. Note that even when CO₂ was 

converted to radiative forcing (W/m²) and input into the model, the results were effectively equiv-

alent. This is because, for the CO₂ concentrations during the target period, the converted W/m² 

value changed almost linearly, and its Pearson correlation with the CO₂ concentration itself was 

virtually 1. Details on this are also added in the Appendix.  
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The analysis excluding TSI from the explanatory variables is conducted for verification purposes. 

As shown in the results, the precision of multivariate analysis using raw data was unsatisfactory. 

Therefore, analysis was performed using data from a 13mRM, yielding significantly better model 

precision and highly probable results. 

EZR Version 1.61 (Kanda, [58]) and Microsoft® Excel were used for analysis. A P value of ≤ 

0.05 was considered statistically significant (two-sided). However, as shown in the results, com-

pared to ASW and TSI, which exhibit extremely high significance (low significance probability), 

CO2 was only marginally significant and became a negative explanatory factor in the 13mRM 

model. Therefore, analysis excluding CO2 was also conducted. The results in this case correspond 

to what is described in the abstract. Furthermore, analysis using the Bayesian Information Crite-

rion (BIC) method yielded the same results as when CO2 was excluded from the beginning. 

3. Results 

Figure 1 shows only G-LST and G-SST data from UAH and HAD. For both facilities, G-SST 

leads G-LST.  

 

Figure 1: Surface temperature (Hadley Centre) and satellite-derived air temperature (University of Ala-

bama in Huntsville). UAH data shows the difference from the 1991–2020 average, covering January 2000 

to July 2025. Hadley shows differences from the 1961–1990 average; LST covers January 2000 to February 

2025; SST extends through May 2025. 13mRM is shortened by six months on either end. For clarity, only 

13mRM is plotted for comparisons involving only SST or only LST. 

 

Table 1 shows the results of comparing differences of month for each facility's data using only 

G-SST or only LST. Data from HAD leads by 4 months for G-SST and by 1 month for G-LST. 

Table 1: Verification of the time lag between Hadley and UAH temperatures. 

All statistically significant using Pearson correlation. Verified using 13mRM. “Plus 1 month” means 

comparing Hadley data shifted forward by one month. For example, it means comparing January 2000 

HAD with February 2000 UAH. The same method applies to subsequent tables. 

 

Figure 2 shows a comparison using only UAH data. Overall, both SST and LST show a delay in 
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mid-latitudes north or south of the equator and in polar regions compared to the equatorial region. 

However, certain irregularities are observed, particularly in LST, within the Arctic and Antarctic 

circles. 

 

Figure 2: Temperature data from meteorological satellites (UAH), all showing 13mRM. Data reference 

and time periods are the same as in Figure 1. Classified by land/ocean, tropical/non-tropical, and polar 

regions. They all represent lower troposphere temperatures. Tropical regions are defined as 20°S to 20°N 

latitude; non-tropical regions (NE and SE)  are 20° to 90° latitude; polar regions are 60° to 90° latitude. 

 

Therefore, the analysis thus far indicates that, in the overall picture, in the atmosphere from the 

Earth's surface, the temperature change of the equatorial region is leading that of the other areas, 

and that the ocean temperature change is leading that of the land surface.  

Figure 3 compares UAH G-SST and atmospheric CO₂ with G-SpHm.  

 

Figure 3: Global SST, tropical SST, global specific humidity, and CO2. CO2 is shown as absolute values, 

from January 2000 to May 2025. The SST reference and period are the same as in Figure 1. Specific 

humidity is shown as the difference from the 1991–2020 average, from January 2000 to December 2024. 

Visually, it was shown that G-SST precedes and dominates G-SpHm. The degree of precedence 

was more pronounced for equatorial SST (Tr-SST). Moreover, Tr-SST fluctuates independently 
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of the increase in specific humidity observed from 2023 to 2024. Notably, in the raw data, G-

SpHm experienced two additional sudden increases from 2023 to 2024, while Tr-SST continued 

to decline even after October 2024.  

As shown in Figure 1(c) and Table 1, HAD-G-SST appears to have declined four months earlier, 

further confirming this trend. On the other hand, no clear link is observed between G-SpHm and 

atmospheric CO₂. 

Furthermore, as shown in Table 2, the Pearson correlation between G-SST and G-SpHm was 

highest within the same month (also highest when using raw data). This result is not unnatural, as 

explained above, given that the HAD-G-SST on the Earth's surface leads the UAH-G-SST by 

approximately four months. 

Table 2: Pearson correlation between G-SST and G-SpHm, all statistically significant. 

 

 

Figure 4 shows G-SST, ASW, TSI, and CO2. Visually, ASW shows relatively high correlation 

with G-SST. TSI, on the other hand, shows moderate correlation. CO2 rises linearly, independent 

of G-SST fluctuations. In addition, Figure 4(d) shows the correlation between ASW and albedo. 

It is evident that the accuracy of albedo measurements remains consistent alongside ASW, despite 

significant albedo variations. 

 

Figure 4: Global SST, ASW, TSI, CO2, and Albedo. CO2 and Albedo are absolute values.  The Albedo axis 

is inverted. The SST baseline and period are the same as in Figure 1. The ASW and TSI values represent 

the difference from the average from March 2000 to July 2024, with the period being March 2000 to June 

2025. Albedo is from March 2000 to May 2025 (shortened by 6 months at each end due to 13mRM). 

 

Table 3 shows the correlation between G-SST and the monthly lag of ASW and TSI. ASW led 

UAH-G-SST by 7 months, while TSI led by 13–14 months. The time lag of the global impact 

from ASW and TSI can actually be considered about 4 months shorter than these values (due to 

the time lag with HAD-G-SST mentioned above).  

For CO₂, the raw data shows the highest correlation two months prior (and become equivalent to 

the same month at the three months prior). However, since CO₂ itself has no significant link to G-

SST, this can be considered coincidental. Therefore, CO₂ is considered to have no time lag relative 
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to G-SST and is used in the analysis. 

Table 3: Pearson Correlation between G-SST and Each Indicator. Examined using raw data and 13mRM. 

All statistically significant. 

Figure 5 shows the ASW and TSI corrected for monthly differences relative to G-SST. Visually, 

the correlation becomes clearer when using a 13mRM, where the values stabilize. 

 

Figure 5: G-SST, ASW, and TSI after time lag adjustment. The graph is thinned to account for overlap and 

detail in the raw data. The correlation coefficients are according to Table 3. 

Table 4 shows the results of multiple linear regression analysis using raw data with G-SST as the 

objective variable. In this case, even the model including all factors only achieved moderate ac-

curacy (R2=0.512). Moreover, the accuracy of Model 3, which excludes TSI, is poor (R2=0.372).  

Furthermore, consistent with the subsequent analysis using the 13mRM, in models including CO₂, 

the P value for the constant increases compared to ASW and TSI. Model 2, which excludes CO₂, 

is overwhelmingly superior in terms of significance probability for ASW, TSI, and the constant 

term, while also achieving accuracy comparable to Model 1. Furthermore, the presence or absence 

of CO₂ primarily affects the results of the numerical value of constant and the regression 
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coefficient of the ASW. 

Table 4: Results of multiple linear regression analysis using raw data. The objective variable is G-SST. β 

is the standardized regression coefficient. VIF is the Variance Inflation Factor. 

 

 
 

Figure 6 shows the reproduced values based on these models' results. Figure 6 (a) to (c) show 

comparisons with G-SST. It is difficult to say they are well reproduced. The errors are particularly 

large in Model 3. Figure 6 (d) was added to make it easier to grasp the difference between Model 

1 and Model 2. There is essentially no significant difference between Models 1 and 2. This indi-

cates that incorporating CO₂ as an explanatory variable provides little added value. 

 

Figure 6: Reproduction of each model based on the results of multivariate analysis using raw data. For 

example, for Model 1: G-SST_Model 1 = 0.098 x ASW + 0.179 x TSI + 0.004 x CO2 -1.310 

 

Table 5 shows the results of multiple linear regression analysis using 13mRM data. In all variables 

included, ASW and TSI were positive explanatory factors for G-SST. Conversely, atmospheric 
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CO₂ was a negative explanatory factor. However, the significance probability for CO₂ in this case 

was barely significant and weak compared to the overwhelming influence of the other two indi-

cators.  

Furthermore, in the models incorporating CO₂ as an explanatory variable (Models 1 and 3), the 

significance probability of the constant term is also barely significant. Similar to the analysis 

using the raw data mentioned above, including CO₂ in the model weakens the significance of the 

constant. The reason for this, as evident from the variance inflation factor (VIF), is the strong 

correlation between ASW and CO₂ (Pearson r = 0.897). 

 

Table 5: Results of multiple linear regression analysis using 13mRM data. The objective variable is G-

SST. The meaning of the indicators is the same as in Table 4 

 

 
 

On the other hand, Model 2, which excluded CO₂ from the outset, showed significantly improved 

significance for the constant while maintaining equivalent model accuracy (even better in terms 

of p-values). Notably, when using the BIC method in Model 1, which includes all three factors 

from the start, the results match those of Model 2. Overall, it was also demonstrated that the 

accuracy of Model 2, combining ASW and TSI, is the best.  

As clearly shown in Figure 4(c), these results are reasonable since CO₂ does not show a clear link 

with G-SST. When predicting G-SST using only ASW (13mRM) as the explanatory variable, 

Model R2 = 0.561 (including the constant). When predicting G-SST using only TSI (13mRM) as 

the explanatory variable, Model R2 = 0.348 (including the constant). 

Figure 7 shows the reproduced values based on the results in Table 5. As clearly shown in Figure 

7(d), the model including ASW and TSI demonstrates substantially equivalent reproduced values 

regardless of whether CO₂ is included. On the other hand, as mentioned above, removing CO₂ 

from the model (Model 2) strengthens the significance of all factors without changing the model's 

accuracy. This suggests CO₂ is not needed as an explanatory factor. Therefore, these results 

demonstrate that CO₂, a byproduct of preceding SST, has virtually no explanatory power for G-

SST, even secondarily. 
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Figure 7: Reproduction of each model based on the results of multivariate analysis using 13mRM data. 

 

Finally, Figure 8 shows the G-SST, Model 2, and Model 3 data extracted from Figure 7. The 

difference resulting from adding TSI on ASW in the model is clear. 

 

Figure 8: Data of G-SST, Model 2 and Model 3 in Figure 7 

Furthermore, a brief explanation is provided demonstrating that correlation between the ASW and 

TSI with G-SST used in this study is not spurious in the Appendix. 

4. Discussion 

The two verifications of this study were achieved. First, it was confirmed that water vapor, the 

primary contributor to the greenhouse effect on Earth, has been a dependent variable of global 

SST at least since the year 2000. Although water vapor content increased to a certain extent from 

2023 to 2024, it was not the primary cause of the abrupt warming. The impact of the Tonga Hunga 

eruption [30, 31] is effectively ruled out. The magnitude of the relatively anomalous changes in 

G-SpHm in 2023 and 2024 were insufficient to exert such an influence. A plausible reason is that 

the change was only a few percent relative to the absolute relative humidity levels in the tropics 

and mid-latitudes (e.g. 10–20 g/kg). 

Furthermore, multivariate analysis confirmed that the combination of leading ASW and TSI most 

effectively predicts G-SST since 2000. The sequence of influence on Earth's climate is as follows: 
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solar activity and albedo determine Earth's SST and air temperature, and SST then exclusively 

determines G-SpHm. Compared to these two indicators (ASW and TSI), the influence of atmos-

pheric CO₂ was confirmed to be effectively negligible. In other words, through this two-step ver-

ification, the positive feedback theory of anthropogenic global warming was also rejected. This 

report is the first to eliminate the positive feedback theory using a combination of multivariate 

analysis and phase-analysis. 

Moreover, it is already understood that ΔCO₂ is a dependent variable of the preceding earth tem-

perature [18-20, 23-25, 57, 58]. And the results of this study mean that it is effectively impossible 

to demonstrate any secondary effects. 

On the other hand, this study observed discrepancies to a certain extent between raw data and 

13mRM analysis. This likely stems from the short-term instability of solar activity indicators. 

Meanwhile, CO2 shows a linear increase over the long term, so its appearance of correlation with 

G-SST had a certain degree of influence on the results of the multiple regression analysis. How-

ever, stabilizing the solar activity indicator using the 13mRM drastically altered the results. Fur-

thermore, when CO2 was included in the model, it became a negative determining factor. Exclud-

ing CO2 yields a more robust model, making this result the most plausible. 

Among the solar activities examined this time, the 13mRM data showed that TSI has a slightly 

lower influence than ASW in terms of the standardized regression coefficient (β). However, sta-

tistics suggest that TSI also exerts a significant influence if the time lag with SST is considered 

reasonable. On the other hand, regarding model accuracy (R²), while ASW alone achieves about 

56 % (about 35 % predicted by TSI only), adding TSI increases this by about 20 %. From this 

perspective, ASW can be said to have three times the explanatory power compared to TSI.  

However, the estimated G-SST change values per standard deviation for ASW and TSI are 0.126 

°C and 0.088 °C, respectively (by the result of Model 2 in Table 5, data not shown in the results 

section), indicating that the impact of TSI is not insignificant either. Therefore, it is conceivable 

that ASW represents short-term fluctuating factors, while TSI represents medium-term gravita-

tional forces. 

There was no significant difference in the correlation between atmospheric CO₂ and specific hu-

midity across months (not shown in the Results Section; Pearson correlation coefficient approxi-

mately 0.72). However, the correlation coefficient exhibits subtle annual periodicity, suggesting 

seasonal variations due to temperature changes. This perspective also suggests a consistency be-

tween ocean-origin water vapor and CO₂ fluctuations. 

Furthermore, the results remain equivalent when global temperature (Globe, provided by UAH) 

is used as the objective variable in the multivariate analysis (Model 2, R2 = 0.764, P = 7.96e-87, 

not shown in the Results section). This result is reasonable given the extremely high correlation 

coefficient between Globe and G-SST provided by UAH (Pearson r = 0.977). 

This study showed differences from the results of the recent pioneering study by Nikolov et al. 

[17], particularly regarding the impact of TSI. This is considered to be due to differences in the 

temperature data used, the analytical methods, and the time periods examined. This study used 

only G-SST from the UAH dataset as the objective variable. The prediction method employed 

multiple linear regression analysis. While current knowledge suggests ASW exerts the greatest 

influence, the results indicate that the impact of TSI varies depending on the temperature dataset 

used. Moreover, the impact of these two factors may change as more data is accumulated in the 

future. 

On the other hand, Nikolov [17] et al. propose, using fundamental physics methods, that the rep-

resentative temperatures of each planet in the solar system depend on representative atmospheric 

pressure and incoming solar energy, irrelevant to gas composition. Their study physically refutes 

the positive feedback theory. Furthermore, this study statistically demonstrates that current CO2 

and specific humidity levels have virtually no effect on Earth's temperature. Therefore, these re-

ports are similar in terms of rejecting the positive feedback theory. However, it cannot be ruled 

out that the methods of Nikolov and the author (Ato) may be unable to detect the minute effects 
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of the greenhouse effect caused by each gas component in the actual climate system of Earth. 

Realistically, the definition and calculation of global average temperature (GAT) inherently pose 

difficulties (Essex et al. [59]). However, when a global temperature indicator calculated under 

certain rules shows consistent correlation with other indicators and a mechanism can be assumed, 

it can be considered to have a certain degree of plausibility. As announced in the Materials and 

Methods section, points regarding the temperature databases of each facility and the concept of 

the GAT indicator are added to the Appendix. 

In this study, the two primary indicators of solar activity demonstrated overwhelming predictive 

power. As for other possible factors, Soon [60] explained in a recent presentation that changes in 

overall albedo including ocean colour, land surface, and atmosphere could be a possibility. Fur-

thermore, he also pointed out the limitation of measuring clouds itself because they are always 

changing. Naturally, a certain degree of scepticism regarding the objectivity of solar activity and 

cloud indicators is warranted. On the other hand, as shown in Figure 4(d) above, ASW and albedo 

exhibit a high correlation. Therefore, it seems reasonable to conclude that the results possess suf-

ficient precision to withstand verification, including statistical analysis. 

5. Conclusion 

When using UAH-G-SST as the global representative temperature, the dominant determining fac-

tors were ASW and TSI. The secondary influence of CO2 on SST, as a dependent variable of 

preceding SST, was found to be virtually negligible through multivariate analysis. Furthermore, 

the impact of TSI on global temperature was suggested to potentially vary depending on the tem-

perature database used for evaluation. 

Solar activity was also the dominant driver of the sudden warming in 2023 and 2024. The Tonga 

Hunga eruption and increased water vapor due to El Niño were not the main causes. The increase 

in water vapor levels over these two years had virtually no observable impact on the global tem-

perature, and specific humidity was a dependent variable of the preceding G-SST. 

These results indicate that from 2000 to the present, the dominant factors driving climate change 

have been solar activity and cloud variations by reducing albedo in the sky during the period. 

Consequently, the anthropogenic theory of global warming and the positive feedback theory are 

denied, according to the data of worldwide prominent climate research institutes. Furthermore, 

since human influence remains negligible even in the 21st century, the same holds true for the 

past. 
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Appendix 

This appendix compiles information that, while not unrelated to the main text, is not its primary 

focus. And the author (Ato) has previously pointed out the origins of rising atmospheric CO₂ 

concentrations and the flaws in the reconstruction methods using polar ice cores, which form the 

fundamental premise of the anthropogenic CO₂ rise theory.  

Between previous papers and the writing of this paper, the author realized that understanding the 

overall picture of the reality could be understood only through basic calculations (carbon isotopes) 

and thus decided to share this insight. And the main text presents analysis based on time difference 

adjustments, this approach is also applicable to the author's past research, prompting its inclusion 

here. 

1. Supplemental information for the main text 

1.1. Regarding each temperature database and the global average temperature 

This study used only UAH as the global temperature indicator. The reason is simply that, apart 

from UAH, there is concern about the potential for overestimation. As explained in the Materials 

and Methods section of the main text, besides UAH, the global temperature databases derived 

from meteorological satellites include NOAA-STAR [33] and RSS [34]. When comparing G-

SpHm with temperature in this study, either ocean temperatures, the primary source of water va-

por—or an alternative indicator, are necessary. However, RSS does not separately present land 

and ocean data. NOAA-STAR provides land and ocean data separately but lacks data broken 

down by latitude. Verifying time differences by latitude is also important. 

Furthermore, as a more fundamental reason, data accuracy must also be considered. Nikolov and 

Zeller [17], who reported a strong correlation between temperature and albedo using 2024 NASA-

CERES data, employed the global average temperature derived from non-UAH data. However, 

as explained in the Materials and Methods, approximately 20 % of the temperature increase ob-

served over the past few decades in surface measurement data is most likely overestimated due 

to the urban heat island effect [35, 36]. RSS showed a similar warming trend to surface stations 

(NASA-GISS and Hadley Centre) (Figure A1, cited from their Figure 4 in [17]). At this point, 

RSS also needs to consider the risk of overestimation. Furthermore, NOAA-STAR data showed 

a trend positioned between surface data and UAH. 

 

Figure A1: Temperature trend of various datasets, sited from [17] 

 

Therefore, data from NOAA-STAR should be also considered as to the risk of overestimation. 

Conversely, the trend in UAH data is about 20 % lower than that of Hadley and NASA-GISS 
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data. Thus, from this perspective as well, UAH data has the highest objectivity. For reference, 

Figure A2 shows UAH, NOAA-STAR, and RSS data since 2000 [32, 33, 34]. 

 

Figure A2: Temperature data from meteorological satellites. UAH and NOAA cover January 2000 to July 

2025. RSS covers January 2000 to May 2025. NOAA values show the difference from the average for Jan-

uary 2000 to December 2019. RSS values show the difference from the average for January 1979 to De-

cember 1998. 
 

Therefore, considering the type of data required and the fundamental accuracy of the data, UAH 

was selected as the sole option for this verification. 

Here, the author will supplement the actual nature of the figure known as the global average tem-

perature (GAT). Regardless of the point raised in Reference 59, it is fundamentally impossible to 

perfectly average physical states like temperature. Strictly speaking, temperature presupposes that 

within a defined range of the measured object (whether a spatial area or a specified point), the 

state of the gas and temperature within that range are all stable and uniformly the same.  

This is possible in a laboratory setting, but impossible in the real world. For instance, temperatures 

observed just one meter apart can vary drastically depending on whether the area is directly ex-

posed to sunlight or in shade. On the Earth's surface, colour alone can cause extreme variations. 

Averaging such conditions inherently has limitations. 

However, in this age of scientific civilization, it is necessary to continuously evaluate the state of 

the Earth numerically, within the limits of available time and budget, starting with the highest-

priority phenomena. Therefore, some benchmark is required. The same applies to the Earth's tem-

perature. Consequently, certain rules must be established (fixed-point observations at locations 

minimally affected by artificial influences, over a fixed area and period), and the value obtained 

must be averaged. Alternatively, if more objective statistical methods exist, they should be fully 

utilized. 

And the numerical values calculated under these consistent rules are referred to as GAT. Further-

more, in recent years, reports showing a strong correlation between the preceding GAT (and G-

SST) and ΔCO₂ have been emerging one after another, regardless of the author's (Ato) report. The 

high correlation between UAH-G-SST and G-SpHm as shown in Figure 3, whose data are derived 

from independent institutes and different methods, is striking.  

Moreover, not limited to this study, indicators of solar activity and global temperature indicators 

show a consistent correlation. These cannot be considered coincidental. Therefore, the numerical 

values used as a benchmark for global average temperature should be considered to have a certain 

degree of plausibility as an indicator for evaluating the state of the Earth. This holds true even if 

a certain degree of error occurs due to facilities or researchers. 

1.2. The failure of the CO2-dependent model as demonstrated only by data from the past 

10,000 years and misperceptions by Dr. Schmidt 

Figure A3 shows temperature reconstructions for the Arctic (Badgeley et al. [61]) and Antarctic 
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(Masson-Delmotte et al. [62]) over the past approximately 10,000 years, atmospheric CO₂ recon-

struction data (NOAA [63], Bereiter et al. [64]), and the assumed radiative forcing due to CO₂ 

(Lightfoot and Mamer [65], Etminan et al. [66]). Temperature is represented by δ18O. Further-

more, since the data from the North Greenland Ice Core Project (NGRIP) has a temporal resolu-

tion of 20 years, making comparisons with 100 years ago easier, the change per 100 years is also 

shown (Δδ18O/100y). 

It has been reported that CO₂ data from ice cores prior to 1958 are grossly underestimating errors 

[18, 19, 26-28]. However, since modern anthropogenic CO₂ warming theory is based on these 

values, the discussion will proceed assuming these values are accurate. 

As Figure A3 clearly shows, temperatures indicated by δ18O fluctuate independently of CO2 con-

centrations and the assumed radiative forcing. The NGRIP data is provided at a 20-year time 

resolution, representing the average of the preceding and following 10-year periods. Therefore, it 

is self-evident that increasing the time resolution would reveal even greater fluctuations. 

 

Figure A3: Climate reconstruction over the past approximately 10,000 years, with the present day (AD) at 

the far right. δ18O at the Arctic and Antarctic, Δδ18O per century in the Arctic. CO2
 
from Antarctic ice cores 

and Hawaii measurements, CO2 radiative forcing. NGRIP final year is 1990. Radiative forcing calculations 

cited from [66] (the formula is written in the Appendix 1.3). 
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And over the entire period, whether every 20 years or every 100 years, temperatures fluctuate by 

2 to 3 degrees Celsius up or down. As shown in Figure A4, the global average is about half that 

of the Arctic region. Therefore, globally, temperatures constantly fluctuate by 1 to 1.5 degrees 

Celsius every 100 years. The IPCC critically asserts that the 20th century saw crisis warming of 

approximately 0.8 degrees Celsius. In reality, however, this is an unremarkable change that has 

been repeated countless of times throughout history. Furthermore, the so-called Medieval Warm 

Period around the year 1000 AD is evident. Arctic data only extends to 1990, but it shows that 

temperatures were significantly higher around 1940. 

 

Figure A4: Global and Arctic temperatures from January 2000 to May 2025 for UAH and RSS. 

G: Globe, NP: North Pole. The coverage areas differ: UAH-NP spans 60N to 90N, while RSS-NP spans 

60N to 82.5N. 
 

The theory of anthropogenic global warming was recently forcefully asserted, starting in 1980s. 

A particular turning point came in 1988 with the press conferences held by Dr. James Hansen, 

Mr. Al Gore, and Mr. Timothy Worth [67]. However, δ18O data of NGRIP indicates that temper-

atures were not high at all at this time. The apparent rapid warming shown by surface-focused 

data was likely due to inadequate accounting for the urban heat island effect. 

Figure A5 shows data for the last 500 years. Even around the time of the Industrial Revolution, 

δ18O and Δδ18O/100y showed earlier and more pronounced fluctuations than CO2. While Antarc-

tic data requires consideration of its lower temporal resolution compared to NGRIP, it shows 

some differences except for the steep warming in the early 20th century.  

Nevertheless, these data clearly demonstrate that CO2 was not the starting point for climate 

change. This is because temperatures precedingly fluctuate independently of CO2. Moreover, 

these realities are based on the assumption that “the age shifts of CO2 in ice cores and the modern 

CO2 linkage method are unquestionably valid” [19]. In other words, these global temperature 

changes cannot be explained by the radiative forcing of CO₂ derived from Antarctic ice cores, 

which anthropogenic global warming proponents hold as absolute. 

Therefore, climate models adopted by the IPCC, which treat CO₂ as the primary factor in the 

greenhouse effect, cannot possibly reproduce past climates. This means that even a simple obser-

vation of paleoclimate data clearly shows that the anthropogenic CO₂ warming theory and its 

models lack any basis from the outset. It was not a matter of mathematical modelling. 

The partial agreement with some modern data achieved by models premised on anthropogenic 

CO2 warming is merely a pseudo-correlation resulting from cherry-picking (typically, the hockey 

stick curve). The rapid modern temperature rise is simply the result of connecting numerical val-

ues that fail to adequately account for the urban heat island effect, although it is a fact that there 

has been some warming in modern times. 
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Figure A5: Climate reconstruction over the past 500 years, with modern times (AD) at the far right. Data 

meaning is the same as in Figure A3. 

Moreover, the high temperatures in the Arctic region from the first half of the 20th century to 

1940, as shown in Figures A3 and A5, also demonstrate the validity of the chemical method—

one of the CO₂ reconstruction methods—developed by Beck (Beck [68], Harde [69]). 

Furthermore, Dr. Schmidt's report [29] states that the present day may be the warmest in the last 

100,000 years. 

We need answers for why 2023 turned out to be the warmest year in possibly the past 

100,000 years. 

However, as shown in the two figures above, this perception itself is mistaken. Far from the 
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Medieval Warm Period, even the period from 1920 to 1940 was significantly warmer according 

to NGRIP data, and it is unlikely that the rise since 1990 could surpass it. Since the NGRIP data 

has a time resolution of 20 years, it is certain that there were years that were even warmer than 

what this data indicates. 

Figure A6 illustrates typical data for the Medieval Warm Period (Keigwin [70], Robinson et al. 

[71,72]). 

 

Figure A6: A typical example of the Medieval Warm Period. The Sargasso Sea. Figure from [72]. 

 

Figure A7 includes valid climate reconstruction data reproducing the Holocene Climate Optimum 

and Medieval Warm Period as published in the IPCC First Assessment Report (Houghton et al. 

[73]). It is ironic and intriguing that global temperatures in 1990, when the IPCC First Assessment 

Report was published, were in a completely unremarkable state. 

 

Figure A7: Reasonable climate reproduction data from the IPCC First Assessment Report. From Figure 

7.1 on page 202 of [73]. 

Furthermore, several months ago, a natural science journal within the same Nature portfolio (Auer 

et al. [74]) reported that Arctic temperatures reached a maximum of 9 degrees Celsius warmer 

during summer than modern times during the Holocene Optimum. This equates to approximately 

5 degrees Celsius globally. The relevant text is quoted here (at the beginning of P9). 

 

As outlined in the introduction, the former period is of particular relevance by provid-

ing a glimpse into the future, as summer surface temperatures were up to 9 ℃ higher 

than today. 
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1.3. Why the results remain essentially unchanged even when atmospheric CO₂ data used 

in multivariate analysis is converted to radiative forcing 

Using two representative equations employed in Appendix 1B above, CO₂ concentration is con-

verted to radiative forcing (RF) using representative equations and shown in Figure A8 [65]. 

                   𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑣𝑎𝑙𝑢𝑒: 𝑅𝐹 = −0.0000248 ∙ 𝐶2 + 0.03231 ∙ 𝐶                          (𝐴1) 

                   𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 280 𝑝𝑝𝑚: ∆𝑅𝐹 = 5.22 ∙ 𝑙𝑛
𝐶

280
                                  (𝐴2) 

where C is the CO2 concentration (ppm) to be evaluated, and Ln is the natural logarithm. 

 

Figure A8: CO₂ concentration and radiative forcing since 2000. Equation adapted from [65]. (a) Actual 

radiative forcing (b) Difference from 280 ppm. 

 

For both, they increase almost linearly and exhibit a correlation coefficient with CO₂ concentra-

tion itself that effectively shows r = 1, within the range of atmospheric CO₂ concentrations exam-

ined in the main text since the year 2000. Therefore, even if these radiative forcing conversion 

data are input as explanatory variables in multivariate analysis, the results remain essentially un-

changed. 

1.4. Explanation that the correlations between ASW and TSI with G-SST used in this study 

are not spurious 

When analyzing time-series data, testing for spurious correlations is recommended. However, 

since ASW and TSI are fundamentally preceding G-SST, and reports supporting the so-called 

Svensmark effect have been accumulating, this item is presented in simplified form. 

The data underlying the results of Table 5, which constitute the final result of this study, will be 

used. 

First, scatter plots of each indicator are shown.  
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Figure A9: Scatter plots of each indicator, r = Pearson correlation, note that the data of CO2 is used as is, 

because applying 13mRM is meaningless (the result of multivariate analysis does not essentially change). 

 

These data show that each indicator is significantly correlated with G-SST. 

Next, two correlation diagrams showing monthly changes are presented. 

 

Figure A10: Scatter plots of monthly change of each indicator, r = Pearson correlation 
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Figure 11A: Time series plotting of monthly change of each indicator, r = Pearson correlation 

 

As evident from both the scatter plot and time-series data, there is no correlation between ΔG-

SST and ΔCO2. Therefore, it is clear that G-SST and CO2 were spuriously correlated. On the other 

hand, ΔASW and ΔTSI are significantly correlated with ΔG-SST. 

Finally, the result of the linear multiple regression analysis with ΔG-SST as the dependent varia-

ble is presented. 

Table A1: Multiple linear regression analysis of ΔG-SST as an objective variable 

 

ΔASW and ΔTSI were independent determinants of ΔG-SST, but ΔCO₂ and the constant were 

not. Therefore, it is reasonable to conclude that ASW and TSI exhibit a genuine correlation with 

G-SST at least within the scope of this data set. 

2. Understanding the origin of atmospheric CO2 increase by a concept of simple 

math using average of δ13C 

This section is designed to help even those unfamiliar with science grasp the overall picture of 

past carbon cycles through basic mathematical calculations. While rigorous verification already 

exists, exemplified by Koutsoyiannis [21], not everyone can fully comprehend scientific papers. 

Those who attribute all the rise in atmospheric CO2 today to human origins, whether researchers 

or the general people—frequently claim this is proven by carbon isotope ratios. This is because, 

especially since the Industrial Revolution, the 13C ratio has decreased and appears to correlate 

with the increase of atmospheric CO2 concentrations and human emissions. However, this claim 

can be proven false with a basic elementary-level numerical check. 
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Let us suppose CO₂ levels at the start of the Industrial Revolution were 280 ppm, and the increase 

up to 2022 was 140 ppm. Let us suppose δ¹³C at the start of the Industrial Revolution was −6.3 

‰, and the δ¹³C of anthropogenic CO₂ is −26 ‰ (because fossil fuels, primarily C₃ plants, have 

significantly lower ¹³C content). 

It is simply a matter of taking these averages. 

                        {(−6.3 × 280) + (−26 × 140)} ÷ 420 = −12.86666. . . .              (𝐴3) 

 

If the entire 140 ppm increase were anthropogenic, δ¹³C should have been approximately -12.87 

‰ by the end of 2022. 

However, the actual atmospheric δ¹³C is around -8.4 ‰ (2022). Therefore, it is impossible to 

attribute the entire 140 ppm increase solely to human activity. 

Thus far, using the basic mathematical concept of calculating averages is explained. This expla-

nation should suffice for gaining a simple understanding of the actual situation described in this 

series of points. 

Naturally, similar results are reproduced using the precise definition of δ13C (Lueker et al. [75]) 

and calculations. The details are explained in the following two slides. 

 

Slide A1: Explanation using carbon isotope. Calculation, supposing the entire 140-ppm increase is an-

thropogenic. 

 

The content of Slide A1 above shows the calculation process for atmospheric δ13C in 2022, as-

suming δ13C = -26 ‰ for 140-ppm increase and that all of this is accumulated. As shown in the 

final result, δ13C ≈ -12.87 ‰, which shows no substantial difference from the simple average 

calculation method described above. However, in reality, the δ13C value for modern atmospheric 

CO₂ is approximately -8.4 ‰. 

The content of the next slide A2 shows the back-calculation process for the 140-ppm increase in 

δ13C, derived from δ13C values during the Industrial Revolution and modern reality. The result 

indicates that δ13C of 140 ppm was ≅ -12.6 ‰. Therefore, it is impossible to claim that the 140-

ppm increase is entirely anthropogenic. 

https://scienceofclimatechange.org/


 Dai Ato: The failure of the “man-made CO2-water vaper positive feedback” theory 

Science of Climate Change https://scienceofclimatechange.org 

 37 

 

 

Slide A2: Explanation using carbon isotope. Back-calculated δ13C of the 140-ppm increase from the δ13C 

values of the past and present. 

 

However, at this stage, another possibility for the 140-ppm increase cannot be ruled out. Amid 

rising anthropogenic emissions, it is possible that while the quantitative increase is anthropogenic 

in origin, the composition has been replaced by natural cycles, leading to the current state. The 

results of multivariate analysis presented in the author's two previous papers [18,19] quantita-

tively and probabilistically determined the veracity of this possibility. The hypothesis itself—that 

human emissions and land-use changes caused the CO₂ rise over the past 60-plus years—was 

shown to be statistically highly improbable. Therefore, even today, most of the atmospheric CO₂ 

rise is assertively a natural phenomenon. 

And as this explanation shows, the discrepancy between the anthropogenic theory of global warm-

ing and CO₂ rise and the reality arises precisely because of the assumption that the CO₂ values 

reproduced from ice cores are the truth. 

Furthermore, if one possesses the knowledge to understand the explanations accompanying the 

two slides above, it is unlikely they would unquestioningly accept the anthropogenic theory of 

CO₂ rise itself. Therefore, it is recommended that the content of this supplement be used solely 

for the purpose of explaining the initial explanation (verification based on the concept of aver-

ages) to those with limited scientific knowledge. 

3. Multivariate analysis considering the time lag between temperature and annual 

atmospheric CO2 increase (ΔCO2) of author’s previous reports 

In the author's previous multivariate analyses [18, 19], only annual values were used. The results 

rejected the anthropogenic theory for ΔCO2, with SST being the sole determinant. However, as 

demonstrated above in this report, there is a consistent time lag between actual global surface 

temperature and ΔCO2. Therefore, analysis using monthly data would be ideal.  

Yet, anthropogenic emissions data commonly available from institutions like the International 

Energy Agency and Our World in Data (OWID) are not monthly. Regarding temperature data, 

however, it is easy to adjust the months, calculate annual averages, and verify the monthly differ-

ence yielding the best correlation with ΔCO₂. 

This time, using this method, G-SST was calculated using only UAH data and multivariate anal-

ysis was performed only for the period after 1980. Note that while UAH data is publicly available 

from December 1978 onwards, the reason for starting from 1980 is because it becomes impossible 

to start from 1979 in the monthly correction process, if the starting month for the annual average 
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G-SST is moved further back in time. Only OWID data [76] was used for anthropogenic emis-

sions.  

At the end of this section, the author's perspective on which global temperature indicators should 

be used in the multiple linear regression analysis with ΔCO2 as the dependent variable will be 

explained. 

Table A2 shows the results of linear multiple regression analysis. The optimal monthly G-SST 

correction was achieved by advancing the data by two months (using the average of March 1980 

to February 1981 as the annual G-SST for 1980). Analysis using same-month G-SST is also 

shown for comparison. The model accuracy is comparable for all data combinations. However, 

for the combination of same-month G-SST and LUC, the constant decreases slightly and the P-

value increases. 

Table A2: Results of multiple linear regression analysis with annual ΔCO2 as the dependent variable.  

Data from 1980 to 2023 were analyzed. Statistically significant factors are marked in red based on multi-

variate analysis. ΔCO2 data were obtained on the same date as in the main text. Emissions data were 

obtained from OWID, with units in megatons [76]. Pearson Correlation is with ΔCO2. FFO; fossil fuel 

only, LUC; including land use change. 
 

 

Table A3 shows the total ΔCO2 values and the total predicted ΔCO2 values from this multiple 

regression analysis. In previous reports, verification using UAH data since 1979 showed a differ-

ence of approximately 14 ppm in the final year. In this verification, the difference was reduced to 

about 8 ppm using a model with FFO emissions and monthly-adjusted G-SST. Conversely, the 

combination of unadjusted G-SST and LUC resulted in a discrepancy of approximately 20 ppm. 

This outcome clearly reflects the combined effect of smaller coefficient and constant for G-SST 

in this model.  

Table A3: Sum of published ΔCO2 values and sum of predicted ΔCO2 values from the multiple regression 

analysis in Table A1. Units are ppm. 
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More precise results are anticipated once detailed monthly anthropogenic emission data becomes 

available. However, defining monthly ΔCO2 and implementing monthly adjustments will also 

become critical in that process. 

Multivariate analyses with ΔCO2 as the object variable have been conducted in three papers, in-

cluding this paper. Human emissions have been included in all results tables. If these linear mul-

tiple regression analyses were performed using stepwise selection (whether Akaike Information 

Criteria (AIC), BIC, or p-value methods), anthropogenic emissions would be excluded from the 

explanatory factors, reconstructing the model to use only SST as the explanatory variable. There-

fore, in this case, a nearly perfect prediction equation can be derived for the SST of any facility. 

However, since there are only two explanatory variables, the significance of performing stepwise 

regression is questionable. Consequently, the author (Ato) basically does not perform stepwise 

regression for this topic in his reports. 

Finally, which temperature indicators in the climate research field should be used for analysis and 

the reasons for doing so will be described. While it depends on the objective, if the indicators 

have clear underlying mechanisms, they should be used. And of course, accuracy is also an im-

portant factor. 

Especially with UAH data, there is no significant difference globally compared to SST regarding 

monthly fluctuation (Pearson r = 0.977, Dec-78 to Jun-25, as implied in Figure 1(b) which com-

pares SST and LST, and because the ocean dominates about 70 % surface of the earth), so ap-

proximate results can be obtained (of course, decadal trend is slightly different). Furthermore, as 

noted in the Discussion section, the results of the multiple regression analysis with ASW and TSI 

as explanatory variables were equivalent regardless of whether the dependent variable was G-

SST or Global temperature.  

However, in the multivariate analysis the author has conducted in the previous two papers [18,19], 

ΔCO2 is the objective variable, and SST is the mechanism that is clearly understood. Furthermore, 

for the primary purpose of this report, using ocean temperature—the source of water vapor—as 

the primary variable is theoretically most appropriate. Furthermore, surface data other than UAH 

may be subject to concerns regarding the urban heat island effect or numerically approximated 

errors.  

Moreover, compared to UAH, other datasets generally show larger differences between ocean 

and land surfaces. Finally, when performing multiple linear regression analysis with ΔCO₂ as the 

dependent variable and extending the analysis further back in time (to 1959, due to issues with 

ice core data prior to 1958, as explained in [19]), it is desirable to use SST, which exhibits a 

relatively similar trend, for comparison with UAH and other facility data (especially for verifica-

tion extending back to 1959). 

Now, regarding the overall picture of Earth's carbon cycle, the ratio between land and ocean is 

roughly 4 to 3 (NASA, [77]). Therefore, the possibility that the actual impact could be distin-

guished as approximately 4 to 3 between land and ocean remains, if assuming there are no multi-

collinearity issues in the multiple linear regression analysis and the annual balance on land can be 

accurately measured. That is, the ratio would be slightly more than half of ΔCO₂ attributable to 

land temperature and the remainder to ocean temperature. 

However, in actual linear multiple regression analysis, using highly correlated indicators as ex-

planatory variables leads to problems (cancellation) due to multicollinearity. Moreover, since pre-

cise annual figures for the terrestrial carbon cycle are unknown, performing principal component 

analysis to circumvent multicollinearity is impossible. 

SST precedes LST in Earth's surface temperature and dominates it to a certain extent. Oceans 

cover 70 % of the Earth's surface. Therefore, considering the perspective of comparing facility-

specific data as mentioned above, it is most appropriate to use G-SST alone as the representative 

indicator of global temperature in multiple linear regression analysis with ΔCO2 as the objective 

variable.  

Regarding the overall carbon cycle, it is likely reasonable to consider that in tropical regions, CO₂ 
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emissions from both the ocean and land (especially soil respiration) exceed absorption (Salby and 

Harde, [23]), while in mid-latitude to polar ocean areas, the ocean absorbs CO₂, with these cycles 

occurring globally. Considering that the oceans, covering 70 % of the Earth's surface, act as a 

‘gravitational’ force to regulate this overall system would be currently the most reasonable per-

spective. 
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Radiative Forcing of Water Vapour  

and its Use in Climate Models 

Antero Ollila 

School of Engineering (Emer.), Aalto University, Espoo, Finland 

 

Corrigendum 

In Ollila (2025) there is a spelling error in the manuscript.  

Equation (2) in the corrected form is: 

 RF  = -60.01 +18.435 * ln(HTPW) [Wm-2]  (2) 

This error has had no impact on the results since the right form of equation (2) has been applied 

in the calculations. 
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Abstract 

Global ocean heat content (OHC) anomalies and derived Earth Energy Imbalance (EEI) estimates, 

central to contemporary climate assessments including IPCC AR6, are constructed through pro-

cesses that violate the scientific method. These metrics rely almost exclusively on temperature 

data from the Argo profiling float array. Their validity and reliability hinge on several critical but 

herein refuted assumptions about measurement representativeness, interpolation/extrapolation 

methods, the physical meaning of anomalies, and integration conventions. Core Argo and Bioge-

ochemical Argo floats deliver discrete, point measurements of intensive properties like tempera-

ture along irregular, untracked three-dimensional trajectories during ascent from 2000 m to the 

surface. This samples only the upper ocean, excluding roughly 50% of total ocean volume and 

thermal energy. Horizontal positions are recorded only at surface intervals ~10 days apart, leaving 

subsurface locations entirely unknown. All data from each ascent are arbitrarily assigned to the 

surfacing position, introducing unknown horizontal offsets (up to 50 km) and temporal offsets 

(up to 10 hours) for the deepest measurements. Anomalies are computed by subtracting values 

from statistically derived reference climatologies based on sparse historical data over arbitrary 

baseline periods. Measured temperatures are then interpolated onto global 3D grids using pre-

scribed covariance functions. These anomalies represent numerical differences without physical 

meaning as temperature deviations, because temperature, an intensive property, is not additive 

across non-equilibrium spatial or temporal domains (Essex et al., 2007; Essex & Andresen, 2018). 

The integrated OHC scalar depends heavily on arbitrary averaging and interpolation rules, pro-

ducing computational artifacts rather than measures of actual ocean energy uptake or planetary 

radiative imbalance. Derived EEI values, such as the 0.7 ± 0.2 W m⁻² in IPCC AR6 Figure 7.2, 

inherit these biases and stem from circular methodology: CERES satellite top-of-atmosphere ra-

diative flux measurements (absolute uncertainties ± 3–5 W m⁻² or higher) are adjusted via least-

squares to match Argo OHC-derived estimates, rather than offering independent validation. We 

rigorously quantify major uncertainty sources, including unresolved mesoscale variability (± 0.9 

W m⁻²), deep ocean ignorance bounds (± 0.35 W m⁻² from sparse Deep Argo), polar under-

sampling (± 0.1 W m⁻²), Nyquist-Shannon aliasing in sparse deep ocean and polar sampling, sea-

level budget closure discrepancy between satellite altimetry/gravimetry and Argo OHC (±0.33 W 

m-2), arbitrary baseline choices (± 0.2 W m⁻²), Eulerian-Lagrangian discrepancies (± 0.25 W m⁻²), 

and untracked trajectories and positional assignments. Although the concepts of OHC and EEI 

are thermodynamically well-defined physical quantities, the numerical values produced by cur-

rent Argo-based methodologies are physically meaningless computational constructs that do not 

validly represent those quantities. We conclude that EEI uncertainties reach >± 1 W m⁻² at 95% 

confidence, roughly an order of magnitude larger than the uncertainty that IPCC AR6 reports, 

rendering current OHC change and EEI estimates statistically indistinguishable from zero. 
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1. Introduction 

Global ocean heat1 content (OHC) (i.e. global ocean thermal energy change) and derived Earth’s 

Energy Imbalance (EEI) estimates occupy a central position in contemporary climate assess-

ments, including those of the United Nations’ Intergovernmental Panel on Climate Change (IPCC, 

2021). The validity and reliability of these estimates depend upon the plausibility of several key 

assumptions regarding measurement representativeness, interpolation/extrapolation procedures, 

physical meaning of anomalies, and mathematical conventions for integration. In this paper, we 

show that these assumptions are not plausible and that even modest variations in them can lead to 

quite opposite conclusions regarding EEI. Those quantities underpin claims of oceanic absorption 

of over 90% of ‘excess energy’ attributed to anthropogenic forcing (von Schuckmann et al., 2020). 

They are constructed, however, almost exclusively from temperature data provided by the inter-

national Argo profiling float array (Array for Real-time Geostrophic Oceanography; Johnson et 

al., 2022) that we are questioning here, and we find that the IPCC OHC anomaly measures fail to 

comply with essential criteria of the scientific method (Armstrong and Green, 2022) and are not, 

therefore, a credible basis for policymaking. 

Core Argo and Biogeochemical Argo (BGC-Argo) floats2 profile only the upper ocean to a nom-

inal pressure of 2000 dbar.3 This leaves the abyssal ocean below that level, comprising approxi-

mately half of both the total ocean volume and thermal energy content, largely unsampled except 

by sparse historical measurements and a limited pilot array of Deep Argo floats (Johnson et al., 

2015; Purkey and Johnson, 2010). Despite their central role in IPCC assessments of human im-

pacts on climate, our comprehensive review of the peer-reviewed literature reveals no prior full 

synthesis of the measurement and processing chain necessary to evaluate the most fundamental 

threats to the physical validity and reliability of these OHC and EEI estimates.  

Previous assessments addressed aspects of validity, including mapping uncertainties (Boyer et al., 

2016), sparse historical coverage in remote/polar/deep regions (Meyssignac et al., 2019), and 

general sampling limitations (von Schuckmann et al., 2020). None, however, has substantively 

addressed fundamental limitations, including loss of thermodynamic interpretability in anomalies 

due to the intensive nature of temperature (non-additive across non-equilibrium spatial and tem-

poral domains, as detailed in Section 1.2; Essex et al., 2007), domination by interpolated values 

 
1As argued by Romer (2001), ‘heat’ should not be treated as a noun denoting a stored substance. In this 

paper, we use ‘heat’ in phrases such as ‘ocean heat content’ solely as a conventional synonym for thermal 

energy content, but we neither endorse nor agree with this wording, as it inaccurately implies heat is a 

substance rather than a process of energy transfer. 
2BGC stands for Biogeochemical. BGC-Argo floats are equipped with additional sensors beyond the stand-

ard conductivity (salinity), temperature, and depth (pressure) CTD sensors in Core Argo floats. They meas-

ure biogeochemical parameters such as dissolved oxygen, nitrate, chlorophyll fluorescence (indicating phy-

toplankton), backscattering (indicating particle concentration), pH, and irradiance (light levels). These 

floats are part of the expanded Argo program aimed at understanding ocean chemistry, biology, and carbon 

cycling, in addition to the physical oceanographic variables provided by standard CTD observations. 
3Argo floats measure and report pressure in decibars (dbar). Depth in meters is inferred from pressure via 

the hydrostatic relation using gravity and a seawater equation of state. A practical rule of thumb is 1 dbar 

≈ 1 m near the surface, but because seawater is compressible and its density varies with temperature, salin-

ity, and latitude, the mapping is not exact: 2000 dbar corresponds to roughly 2000–2025 m under typical 

open-ocean conditions. Using dbar avoids implying a fixed depth for a given measurement and provides a 

consistent, instrument-native vertical coordinate for profiling and quality control. 
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in unsampled volumes, unresolved mesoscale variability in boundary currents and eddy-rich re-

gions, untracked subsurface trajectories, and arbitrary positional assignment. These limitations 

align with Essex & Andresen (2018)’s ‘slow time’ framework, where long-timescale climate var-

iables differ from laboratory-scale ones, rendering temperature non-thermalizable on climate 

timescales. This paper offers the first comprehensive synthesis of these issues, demonstrating that 

Argo-derived OHC and EEI scalars lack physical correspondence to reality. Even ignoring ther-

modynamic principles, the calculated EEI uncertainties at 95% confidence exceed commonly 

cited EEI values, rendering such claims unsuitable for quantifying planetary energy uptake or 

imbalance. 

The ocean stores the vast majority of total heat energy contained within the Earth’s climate sys-

tem. Argo-float-data-based OHC calculations are used as evidence to support claims that approx-

imately 90–93% of the purported increase in system heat (energy) content since 1850 is accounted 

for by changes in OHC (von Schuckmann et al., 2020; IPCC AR6 WG1, 2021). Within the ocean 

itself, the vertical distribution of this stored energy is roughly even: about half resides in the upper 

2000 m and half in the deep ocean below 2000 m. Claims that ~90% of the recent purported 

planetary energy imbalance has been absorbed specifically into the upper ocean (0–2000 m) are 

also entirely dependent on the OHC calculations challenged in this paper. Since the mid-2000s, 

global ocean heat content estimates have been derived from data collected by the international 

Argo program, consisting of roughly 4000 autonomous profiling floats (~4156 as of December 

28, 2025) that measure temperature, electrical conductivity (for salinity derivation), and pressure 

primarily in the upper 2000 m of the ocean (Riser et al., 2016; Johnson et al., 2022). 

These measurements are processed into gridded fields and integrated to yield global OHC anomaly 

time series, which form the dominant component of EEI assessments. The IPCC Sixth Assessment 

Report (AR6) presents an EEI of 0.7 (0.5–0.9) W m⁻² in its global energy budget diagram (Figure 

7.2; Forster et al., 2021), a value adapted from surface flux schematics (Wild et al., 2013, 2019; 

Stephens et al., 2012) but aligned with OHC-derived inventories from the Argo era. These metrics 

are presented as direct ‘observational’ constraints on planetary energy flows, with uncertainties 

quantified primarily through statistical sampling error (Loeb et al., 2012; von Schuckmann et al., 

2016) or the spread among several widely used gridded OHC datasets (e.g., from products devel-

oped by IAP, Institute of Atmospheric Physics, Chinese Academy of Sciences; NCEI, National 

Centers for Environmental Information, NOAA; JMA/MRI, Japan Meteorological Agency / Mete-

orological Research Institute; BOA_Argo, China Argo Real-time Data Center; and others), captur-

ing methodological differences in how sparse temperature profiles are extrapolated to global fields 

(von Schuckmann et al. 2020; IPCC AR6 WG1, 2021). Despite their prominence, the physical foun-

dations of these OHC and EEI estimates have not been subjected to rigorous scrutiny regarding the 

nature of the raw measurements and the transformations applied.  

Classical thermodynamics, formalized in the late 19th century, remains a cornerstone of physics due 

to its reliance on universal principles rather than specific microscopic models — a resilience fa-

mously praised by Einstein as “the only physical theory of universal content which I am convinced 

will never be overthrown, within the framework of applicability of its basic concepts” (Einstein, 

1949/1979, p. 31). Indeed, to this day all its fundamental first principles have withstood the test of 

time. Essex et al. (2007) demonstrate that these principles coupled with basic mathematics reveal 

fundamental limitations in applying intensive properties like temperature to non-equilibrium sys-

tems such as the global ocean, where averaging destroys physical meaning and produces computa-

tional artifacts rather than real physical quantities (as detailed in Section 1.2). 

Temperature is rigorously defined only in local thermodynamic equilibrium (LTE), constituting 

a point function meaningful solely for the small volume of fluid in LTE around the measuring 

device. In the non-equilibrium ocean, subsurface horizontal locations remain unmeasured and 

unknown throughout the Argo float cycle due to the absence of submerged positioning instru-

mentation. Subsequent processing introduces interpolated values that dominate the final scalar 

measures. This paper details the measurement and processing chain and concludes that Argo-

derived OHC anomalies and EEI estimates lack physical foundations for quantifying ocean ther-

mal energy change or planetary energy imbalance. 
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1.1 The Circularity and Hidden Uncertainty of OHC-Derived EEI Estimates 

The IPCC claimed 0.5–0.9 W m⁻² EEI precision is inconsistent with the large absolute uncertain-

ties in direct satellite measurements of top-of-atmosphere (TOA) radiative fluxes from the NASA 

Clouds and the Earth’s Radiant Energy System (CERES) project upon which the EEI estimate 

depends. Raw CERES data exhibit global mean net TOA flux uncertainties of ~± 3–5 W m⁻² 

(higher for individual components), dwarfing the upper bound of the AR6 EEI range (Loeb et al., 

2018). Early analyses found even greater uncertainty over the measure, with unconstrained im-

balances as large as 6.5 W m⁻² (Loeb et al., 2009). Surface energy budget assessments, combining 

satellite, in-situ, and model-derived fluxes, reveal discrepancies and uncertainties up to ± 17 W 

m⁻² globally (Stephens et al., 2012). 

The CERES Energy Balanced and Filled (EBAF) product addresses the large absolute uncertain-

ties in raw TOA fluxes by applying a “one-time global adjustment” to shortwave and longwave 

components within their individual uncertainty ranges. It uses an objective least-squares algo-

rithm (Loeb et al., 2009; 2018) that forces the long-term mean net TOA flux to equal the Argo-

derived OHC calculation plus minor land, ice, and atmosphere terms, yielding the ~0.7 W m⁻² 

imbalance presented in IPCC AR6 Figure 7.2 (Forster et al., 2021).  

Achieving the 0.7 W m⁻² figure requires some aggressive adjustments: the radiative flux values, 

such as reflected solar, must be pushed in some cases to the extreme edges of their uncertainty 

ranges to produce a net flux consistent with the reported small positive net imbalance. No physical 

justification is provided for the direction or magnitude of individual component shifts. Use of this 

“one-time global adjustment” implicitly assumes the Argo OHC-derived quantity is more reliable 

than direct CERES absolute measurements, despite the OHC chain’s fundamental physical inva-

lidity due to thermodynamically meaningless anomalies from intensive-property averaging in 

non-equilibrium systems, sparse deep and polar sampling, and other flaws detailed herein. 

In sum, the term “constrain” applied to the Loeb et al. (2009; 2018) algorithm is misplaced. In 

scientific measurement, constraints derive from physical laws, independent observations, or 

known constants, not from forcing agreement with a non-physical mathematical construct. Con-

sequently, the small EEI (~0.7 W m⁻² in IPCC AR6 Figure 7.2) and its narrow uncertainty (± 0.2 

W m⁻²) are purely artifacts of circular tuning: CERES fluxes are mathematically adjusted to align 

with the Argo OHC-derived quantity whose physical validity is absent. Raw, unadjusted CERES 

data do not independently confirm the OHC-based EEI within their uncertainties. This IPCC 

methodology, euphemistically described as “constraining” EEI, depends fundamentally on un-

supported assumptions and circular reasoning. The IPCC AR6-claimed small positive EEI is 

therefore scientifically invalid. 

1.2 Non-Additivity of Temperature in Non-Equilibrium Systems 

Temperature is an intensive thermodynamic property defined pointwise only for systems in local 

thermal equilibrium (Reif, 1965). In equilibrium thermodynamics, intensive variables such as 

temperature are not additive; they cannot be meaningfully averaged across non-equilibrium do-

mains to yield a physically meaningful global scalar (Essex et al., 2007). 

Using formal mathematical reasoning together with the axioms of classical thermodynamics, Es-

sex et al. (2007) rigorously proved that no physically meaningful global surface temperature exists 

for the Earth system. While local temperatures can be defined for small volumes in approximate 

thermodynamic equilibrium, the Earth’s climate system operates far from equilibrium at the 

global scale. Any averaging of local temperature measurements, regardless of the chosen mathe-

matical procedure, therefore, lacks a unique physical basis. An infinite number of equally valid 

averaging methods exist, each capable of producing contradictory trends from the same underly-

ing data when physical principles do not dictate a preferred rule. 

Building on this foundation, Essex and Andresen (2018) extended the analysis to the broader 

question of appropriate measurements for climate. They proved that conventional meteorological 

concepts of temperature, derived from laboratory-scale equilibrium thermodynamics, cannot be 
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“thermalized” or meaningfully extended to the long spatiotemporal scales that are characteristic 

of climate. On these “slow time” scales, temperature loses thermodynamic interpretability, ren-

dering global or even regional mean temperatures physically ill-defined constructs rather than 

measurable quantities. 

Cohler (2025) provides a historical review of how the meaningless global mean surface tempera-

ture (GMST) concept became entrenched in climate science despite its invalidity. The simple 

thermodynamic and mathematical principles that underpin the invalidity of temperature averaging 

in non-equilibrium systems like Earth’s surface have been well understood since at least the late 

19th century (Gibbs, 1875–1878), although Essex et al. (2007) were the first to make this clear in 

peer-reviewed literature. Cohler’s analysis traces the development of the fallacious GMST from 

early statistical aggregations of weather data to its current role as the central metric in climate 

policy and assessment reports. Cohler also reaffirms the conclusions of Essex et al. (2007) and 

Essex and Andresen (2018), emphasizing that GMST represents an arbitrary statistical average of 

an intensive property over a non-equilibrium system, with no unique physical principle governing 

the choice among infinitely many mathematically permissible averaging conventions. 

These three works collectively establish that global temperature metrics, including GMST and 

related anomalies, are physically meaningless numerical abstractions without correspondence to 

any conserved thermodynamic quantity such as energy or entropy. This fundamental thermody-

namic invalidity of temperature averaging directly parallels and reinforces the central conclusions 

of the present paper: the construction of global OHC anomalies and derived EEI estimates suffers 

from the identical flaw in addition to several others. Both rely on the non-physical averaging and 

integration of intensive temperature measurements across vast non-equilibrium spatial and tem-

poral domains in the ocean, producing final scalar quantities that are computational artifacts. The 

absence of thermodynamic meaning in global temperature metrics therefore undermines not only 

surface-based climate claims but also the entire chain of OHC and EEI calculations that dominate 

contemporary assessments of planetary energy imbalance. 

1.3 Geometry and Thermal Energy Distribution of the Global Ocean 

The global ocean spans a surface area of approximately 362 million square kilometers, represent-

ing 71% of the Earth’s surface, with a total volume of 1330 million cubic kilometers and an av-

erage depth of 3688 m (Eakins and Sharman, 2010; Charette and Smith, 2010). Ocean topography 

encompasses diverse features: continental shelves at depths less than 200 m covering ~27 million 

square kilometers (7–8% of ocean area), steep continental slopes transitioning to abyssal plains 

at 4000–6000 m (comprising ~40–50% of ocean area), mid-ocean ridges, and trenches reaching 

11 000 m (Menard and Smith, 1966; Amante and Eakins, 2009). Additionally, Argo floats are 

generally not deployed in regions with bottom depths between approximately 200 m and 2000 m, 

such as continental slopes, which cover about 8.5% of the ocean surface area and contain roughly 

2% of the total ocean volume, to prevent grounding during their parking and profiling cycles 

(Riser et al., 2016; Costello et al., 2010). 

The hypsometric curve, depicting the cumulative distribution of ocean area with depth, illustrates 

the non-uniform bathymetry. Average depth is computed as total volume divided by surface area, 

but volume fractions require integrating the area-depth profile: 

 

(1) 

where A(z) is the ocean area deeper than z. Thus, while 2000 m constitutes ~54% of the average 

depth, the volume above 2000 m is ~50% of the total due to minimal volumetric contribution 

from shallow shelves and substantial upper-layer volume over extensive deep basins (Eakins and 

Sharman, 2010; Sverdrup et al., 1942). 

Ocean thermal energy content scales with volume, density, specific heat capacity, and absolute 

temperature (Kelvin). Commonly cited heuristic mean temperatures are ~5 °C (278 K) above 

2000 m and ~2 °C (275 K) below, yielding a ~1% relative difference (Purkey and Johnson, 2010; 
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Desbruyères et al., 2016). Combined with near-equal volumes, thermal energy is distributed 

roughly evenly between upper and deep layers, within observational uncertainties (Talley et al., 

2011; Levitus et al., 2012) contrary to popular misconceptions. 

Argo float sampling focuses on open ocean regions deeper than 2000 m, largely excluding conti-

nental shelves (27 million km2), marginal seas (e.g., Mediterranean, South China Sea; total ~20–

50 million km2 or 6–14% of ocean area), and ice-covered high-latitude zones like the Arctic (14 

million km2) (Riser et al., 2016; von Schuckmann et al., 2020). Argo therefore excludes ~90 mil-

lion km2 or ~25% of the global ocean surface area. 

2. The Argo Measurement Process 

2.1 Float Cycle and Profiling 

Standard Core Argo and most BGC-Argo floats operate on a nominal 10-day cycle (Argo Steering 

Team, 2022). Following a brief surfacing period for data satellite transmission and GPS position-

ing, the float descends to a parking pressure/depth of approximately 1000 dbar in 4–8 hours, drifts 

freely at that depth for roughly 9 days, performs a short deep descent to the profiling pressure of 

approximately 2000 dbar (1–2 hours), and then executes a slow, buoyancy-controlled ascent to 

the surface lasting 6 to 10 hours. High-resolution conductivity, temperature, and depth/pressure 

(CTD) measurements are taken during this ascent phase, at sampling rates of approximately 1 Hz, 

yielding approximately 1000 discrete pressure levels per ascent ‘profile’ after binning to typical 

vertical intervals of 2 dbar in modern data products4 (Argo Data Management Team, 2025). The 

float remains on the surface for 15 minutes to 1 hour and then descends again for its next pass.  

Each float lasts around 4 to 5 years, depending chiefly on the lifetime of its lithium-ion battery. 

Once the battery is depleted, the float can no longer adjust its buoyancy and becomes permanently 

neutrally buoyant at whatever depth it happens to be, usually near its parking depth of 1000 m, 

and drifts passively with deep ocean currents indefinitely. No recovery is attempted; the floats are 

designed as expendable instruments, and the cost-plus logistical impossibility of retrieving them 

from remote open-ocean locations would be prohibitive. As a result, each dead float becomes 

permanent deep-sea debris: a ~1-meter-long plastic cylinder containing lithium batteries, metals, 

electronics, and sensors that slowly corrode, allowing seawater ingress over time (typically within 

5–10 years), after which it gradually sinks to the abyssal seafloor, where further decomposition 

occurs over additional years or decades.5 

In sum, the measurement points sampled during its carefully controlled ascent trace an irregular 

three-dimensional trajectory through the ocean determined by depth-varying currents, vertical 

 
4 Core Argo and BGC-Argo floats record CTD data at high frequency (~1 Hz, or roughly every second) 

during` their 6-to-10-hour ascent from depth to surface. Some floats sample continuously, while others take 

discrete spot measurements. In either case, the raw data are averaged or selected onboard into regular ver-

tical bins of typically 2 decibars (dbar) pressure intervals (equivalent to ~2 meters of depth) before trans-

mission after surfacing. This binning creates standardized, manageable profiles with ~1000 levels over the 

full ~2000 dbar range, as used in all modern Argo data products. 
5 Since 2000, the Argo program has deployed tens of thousands of floats worldwide (~4000 active at any 

time, with 600–900 replaced annually), causing a growing number of inactive floats residing at depth after 

mission completion. Although this accumulation invites comparison to orbital debris, the practical risk is 

negligible. The ocean’s volume is vast (~1.3 × 10⁹ km³), and floats are deployed at ~300 km horizontal 

spacing, yielding an extremely low density (≪1 float per 1000 km³ at mid-depths). No collisions between 

Argo floats and submarines have been reported, likely because deep-ocean traffic is sparse, floats are small 

and passive with minimal acoustic signature, and submarines employ active sonar for obstacle avoidance. 

Any hypothetical collision would likely cause only minor damage due to the float’s low mass and energy. 

Environmental assessments further indicate that materials released by Argo floats (e.g., lithium, aluminum, 

lead) are negligible compared to natural geochemical fluxes or land-based marine pollution. While long-

term accumulation of synthetic materials in the deep ocean warrants attention in principle, the present scale 

poses no significant environmental or operational concern. 
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shear, mesoscale eddies, internal waves, and turbulent motions. The path is neither vertical nor a 

linear ‘slant’ but an unknown and complex, meandering curve through a spatially and temporally 

varying flow field. Each temperature measurement represents a true point value, the intensive 

thermodynamic state at a specific location and instant, but the spatial coordinates of subsurface 

measurements remain unknown. 

2.2 Horizontal Position Identification Limitations 

Iridium-equipped Argo floats, which dominate the current fleet, obtain their positions when they 

surface from GPS fixes with ~8 m accuracy (95% confidence). Rare GPS failures require fallback 

to less accurate Iridium geolocation with ~1–5 km accuracy (Wong et al., 2020). Argo floats 

employ no subsurface positioning system such as acoustic tracking or inertial navigation (Roem-

mich et al., 2009). Consequently, the entire subsurface trajectory remains horizontally untracked: 

including the descent, the 9-day parking drift, and the profiling ascent during which measurements 

are acquired. 

The only measured horizontal displacements are net vectors between consecutive surfacing posi-

tions, typically spanning 50–300 km in moderate flow regions, and routinely exceeding 400 km 

in energetic currents such as the Antarctic Circumpolar Current (Ollitrault and Rannou, 2013). 

The horizontal displacement during the 6–10-hour ascent phase, when temperatures are measured, 

is completely indeterminate from measured data. We estimate it to be on the order of 5–50 km, 

with no physical basis for inferring precise values. 

Standard Argo data products assign all subsurface measurements from a given profile to the single 

longitude, latitude, and time of the GPS fix obtained when the float surfaces (Argo Data Manage-

ment Team, 2025). Actual longitude and latitude of the data collected during the 9-10 days a float 

is submerged are unknown and unknowable, because the floats have no instrumentation to meas-

ure location under water. Since the shear currents accumulate during the ascent phase, offset dis-

placement from the surface GPS fix scales with depth: deeper measurements experience longer 

exposure to cumulative shear currents during ascent. Actual measurement times during ascent, 

which range over the 6–8-hour period, are also not saved in standard profile data products. 

2.3 Nature of Raw Temperature Measurements 

Each temperature measurement represents an intensive thermodynamic property directly propor-

tional to average kinetic energy of the particles (water molecules and dissolved ions) in the small 

volume of seawater in local thermal equilibrium (LTE) immediately surrounding the sensor. In 

seawater, apparent molar heat capacities of major salts are small and generally negative, so adding 

salt slightly lowers total heat capacity. Because water molecules constitute over 98 % of the mass 

and supply > 99 % of the thermal capacity, the thermal energy content of seawater is almost 

entirely governed by the water mass. Dissolved salts primarily affect density and compressibility, 

not heat capacity. Each measurement samples effectively infinitesimal volume relative to total 

ocean volume (~1.3 billion km³). Collectively, all Argo profiles over time provide sparse point 

constraints with negligible direct volumetric ocean coverage. 

2.4 Depth Coverage Limitations 

As described above, Standard Core and BGC Argo floats are designed to profile to a target pres-

sure of 2000 dbar (Riser et al., 2016; Argo Steering Team, 2022). This limitation confines meas-

urements to the upper ocean, which constitutes approximately 50% of both the total ocean volume 

and energy content. The global mean ocean depth is approximately 3688 m, with the maximum 

depth reaching 10 984 m in the Challenger Deep of the Mariana Trench (Gardner et al., 2014; 

Stewart and Jamieson, 2019). The region below 2000 m, encompassing the rest of the bathyal 

(1000 to 4000 m) zone, as well as the abyssal (4000 to 6000 m) and hadal/trench zones (6000 to 

11 000 m), remains unsampled by the Core Argo and BGC-Argo arrays. 

A small pilot deployment of Deep Argo floats has begun profiling to 4000–6000 dbar (Johnson 

et al., 2015; Zilberman et al., 2023, 2025), but as of late December 2025, these comprise ~315 
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active Deep Argo floats (projected from 224 active as of March 2025, with ~90 deployments 

planned through the end of 2025, per the 26th Argo Steering Team Meeting [AST-26] report). 

This remains far short of the target of approximately 1228 for purportedly “full” global coverage 

and provides insufficient spatial and temporal sampling for reliable global integration without 

extensive extrapolation (Zilberman et al., 2023; Zilberman et al., 2025; Argo program status via 

OceanOPS and AST reports). This fundamental sampling limitation in Argo-derived OHC prod-

ucts persists despite the Deep Argo expansion. 

3. Calculation of the OHC Estimate and Uncertainty 

3.1 Arbitrary Positional Assignment 

In nearly all profile data files, temperature measurements taken during the ascent are assigned the 

longitude and latitude of the surfacing position (Argo User’s Manual, 2025). This convention 

ignores the unknowable upstream horizontal offsets due to the downstream shear currents en-

countered during ascent as well as the different times of each individual measurement. The largest 

horizontal offsets are for measurements taken at the deepest points and we estimate them to be 

~10–20 km in most regions and unlikely to exceed ~30–50 km even in the most extreme shear 

currents (see section 3.7.1). 

3.2 Construction of the Reference Climatology 

In oceanography, a climatology (or reference climatology) is a long-term average Eulerian de-

scription of intensive ocean properties, such as temperature and salinity, at different locations, 

depths, and times of year. It serves as a baseline or “normal” state against which current or ob-

served conditions are compared to calculate “anomalies” (deviations from the average). These 

anomalies are used to support claims of changes, such as ocean warming, but the climatology 

itself is not a snapshot measurement of any single real ocean state but rather a statistical construct 

derived from historical intensive data. 

To compute anomalies in OHC products, a gridded reference climatology is used. The Roemmich-

Gilson (RG) Argo Climatology (2019), commonly used as the reference in Argo-era OHC prod-

ucts, is constructed exclusively from Argo float data (primarily 2004–2018, with extensions to 

later years). It provides mean fields and the annual cycle on a fine grid using weighted least-

squares fitting of nearby profiles. Other climatologies, such as the World Ocean Atlas (WOA) 

series, incorporate pre-Argo historical observations (from ships, bottles, XBTs, etc.) alongside 

Argo data. 

For each monthly temporal bin of the RG climatology, values on a regular three-dimensional grid 

are generated from the measured profile data using mathematically ‘optimal’ interpolation with 

covariance functions having prescribed horizontal correlation lengths, typically on the order of 

hundreds of kilometers (Roemmich and Gilson, 2009). 

The gridded monthly fields are then arithmetically averaged over the reference period (2004–

2018 for the current version of the RG Argo Climatology, 2019) to obtain the final climatological 

grid. The fixed 2019 climatology for 2004–2018 is not updated with newer observations. Separate 

monthly gridded fields (absolute temperature and salinity values, computed using the same opti-

mal interpolation method) are made available for periods beyond 2018. As of the latest update, 

these monthly fields extend through June 2025. These post-2018 monthly fields are absolute grid-

ded values (not anomalies). They are computed consistently with the methodology used for the 

2004–2018 period but do not modify or incorporate data into the fixed 2004–2018 reference mean. 

The product website hosted by the Scripps Institution of Oceanography (University of California, 

San Diego) at  
 https://sio-argo.ucsd.edu/RG_Climatology.html

  

distributes these monthly fields as extensions to allow ongoing analysis relative to the unchanging 

2004–2018 baseline mean. 

https://sio-argo.ucsd.edu/RG_Climatology.html
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A value at any grid point and depth in the RG Argo Climatology is a statistical construct: it is a 

weighted linear combination of measured temperatures from disparate physical locations (typi-

cally within hundreds of km) and times (within the same calendar month, up to ~30 days apart), 

obtained via optimal interpolation of monthly-binned anomalies, followed by arithmetic averag-

ing across years (2004–2018) for each calendar month. This grid value therefore does not repre-

sent the actual temperature that any real parcel of seawater would have experienced at that exact 

grid point and depth at any specific moment. It is instead the result of the prescribed interpolation, 

weighting, and multi-year averaging operations applied to the input measurements. 

3.3 Physical Meaninglessness of the Anomaly Definition 

The OHC calculation relies entirely on the computation of temperature anomalies, ΔT. In global 

gridded products (the basis for EEI estimates), these are defined as ΔT = Tinterpolated - Treference where 

Tinterpolated is a value derived by mapping sparse float data onto a regular grid, and Treference is a 

climatological mean for that same grid point. While arithmetically possible, this operation yields 

a result that is physically meaningless for the following reasons: 

Invalidity of the “Measured State” (Tinterpolated)  

The value Tinterpolated acts as a proxy for measurement, yet it does not represent the temperature of 

any actual water parcel. Because Argo floats are sparse (nominally one per 3° x 3° region), filling 

a 1° x 1° grid requires objective analysis (OA) algorithms that aggregate data using covariance 

scales of 200–2800 km and temporal windows of one month. Tinterpolated is a weighted average of 

the temperatures of distinct water masses separated by hundreds of kilometers and weeks of time. 

As established by Essex et al. (2007), averaging intensive variables (temperature) across a non-

equilibrium system destroys physical meaning: “A sum over intensive variables carries no phys-

ical meaning” (p. 5). Thus, Tinterpolated is a statistical artifact, not an actual thermodynamic state of 

anything. 

Part of the problem associated with interpolating sparse data onto discrete grids in both space and 

time is that the grid resolution creates opposite challenges in each dimension. Spatially, Argo 

floats typically measure profiles separated by hundreds of kilometers, yet these sparse observa-

tions are interpolated onto 1° × 1° grids with spacing of approximately 100 km or less, creating 

far more grid points than actual measurements and requiring substantial spatial interpolation be-

tween widely separated observations. Temporally, measurements occur every 10 days but are 

aggregated into monthly bins, creating fewer temporal bins than the measurement frequency. This 

mismatch of fine spatial gridding of sparse data combined with coarse temporal binning of fre-

quent measurements creates interpolation inconsistencies that can substantially affect the out-

come. (Doswell, 1977; Wahba and Wendelberger, 1980; Wikle and Cressie, 1999). 

Invalidity of the Reference State (Treference)  

The climatological baseline Treference (e.g., the Roemmich-Gilson climatology) is constructed by 

averaging temperature measurements at fixed geographic locations over time. This approach 

treats the ocean as an Eulerian field: a framework in which fluid properties are described as func-

tions of fixed spatial coordinates. However, ocean temperature is fundamentally a Lagrangian 

property; it is a characteristic of specific water masses that move, mix, and transform as they are 

advected by currents. A water mass at 30°N, 150°W in January 2005 and a water mass at the same 

geographic coordinates in January 2018 are not the same physical entity; they have different his-

tories, source regions, and thermodynamic states. Averaging their temperatures produces a statis-

tical artifact at that grid point, not a meaningful physical baseline. The Eulerian framework, while 

mathematically convenient for gridded analysis, fundamentally misrepresents the Lagrangian na-

ture of ocean thermodynamics. 

This Eulerian-Lagrangian mismatch is compounded by the temporal arbitrariness of the chosen av-

eraging period. The climatological baseline is derived from smoothing measurements over the 

2004–2018 period, a 15-year window that is physically arbitrary and introduces systematic biases 

into the analysis. Ocean circulation operates on timescales ranging from seconds (turbulent eddies) 
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to millennia (thermohaline circulation), with no physical significance attached to a 15-year window. 

Major ocean processes including mesoscale eddies (days to months), seasonal convection cycles, 

the El Niño-Southern Oscillation (2–7 years), the Pacific Decadal Oscillation (20–30 years), and 

Atlantic Multidecadal Variability (50–70 years) all operate on timescales incommensurate with this 

averaging period. The resulting climatology necessarily reflects the specific dynamical state of the 

ocean during 2004–2018 (including whatever phase each oscillatory process happened to occupy 

during that interval) rather than any physically meaningful equilibrium state. Not only are measure-

ments from distinct water masses with different histories being averaged together spatially, but the 

reference state against which anomalies are calculated itself represents an arbitrary snapshot of tran-

sient ocean dynamics rather than a thermodynamically meaningful baseline. 

A further issue with the climatological baseline Treference is the changing density and spatial distri-

bution of floats. In 2004, many fewer floats were available and spatially, their distribution covered 

the oceans less evenly than in 2018. 

Additionally, the polar oceans remain grossly undersampled by the standard Argo array owing to 

pervasive sea ice cover, which precludes routine operations of conventional floats in ice-covered 

regions. The Arctic Ocean (north of 60°N) accounts for ~4% (14 million km2) of global ocean 

surface area (361 million km²), while the Southern Ocean (south of 60°S) encompasses ~6% (22 

million km²), yielding a combined polar fraction of 10% of total ocean surface area (IHO, 1953). 

These regions contribute a 7% share of total ocean volume given their less than average depths. 

Specialized Polar Argo deployments using ice-avoiding technologies have improved coverage in 

seasonal ice zones, but central ice-covered areas, particularly in the Arctic, remain sparsely ob-

served. These persistent spatial sampling gaps in shallow marginal seas/shelves and polar do-

mains introduce systematic biases in global ocean heat content estimates derived from Argo data, 

particularly when constructing climatological reference states. 

The ‘Ghost vs. Ghost’ Abstraction  

The subtraction operation (ΔT) assumes that the reference state (Treference) represents a meaningful 

baseline against which changes can be measured. However, Treference itself varies in both space and 

time; it is not a constant equilibrium state but rather an arbitrary temporal and spatial average of 

transient ocean conditions. Therefore, Treference has no physical validity as a reference temperature 

from which to calculate meaningful ΔT, yet this operation forms the basis of all OHC anomaly 

calculations. 

The operation ΔT therefore compares two time-varying, spatially varying statistical constructs, 

neither of which represents the actual thermodynamic state of any water mass, yet the resulting 

difference is misleadingly assigned units of Kelvin by the purely algebraic manipulation of di-

mensional symbols.  

The purported OHC anomaly scalar is then calculated as: 

 

(2) 

resulting in an equally invalid scalar that carries units of energy (joules, J), and due to its global 

order of magnitude, it is conventionally expressed in zettajoules (ZJ) where 1 ZJ = 1021 J. One 

cannot derive a physical quantity from a computation based on non-physical inputs, like ΔT. Yet 

these anomaly values constitute the primary basis for global OHC change estimates in Argo-era 

products. 

3.4 Spatial Interpolation of Anomalies to Create Continuous Fields 

Sparse anomaly values, each computed at the assigned surfacing position from point temperature 

measurements taken along a meandering sampling trail swept by a sensor during a 6–10 hour float 

ascent, are interpolated onto regular three-dimensional grids using objective analysis algorithms 

such as ‘optimal’ interpolation (a form of ‘kriging’), successive corrections, or weighted averag-

ing (Roemmich and Gilson, 2009; Gaillard et al., 2016; Good et al., 2013). While the floats are 

nominally spaced ~300 km apart, with typical measurement distances of 200–500 km due to drift, 
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these methods employ covariance models with horizontal correlation length scales typically on 

the order of 200–2800 km, tuned to the physical autocorrelation scales of ocean temperature and 

salinity fields on monthly-to-annual timescales (Cheng et al., 2017; Li et al., 2017). Such scales 

enable ‘optimal’ weighting of nearby profiles and propagation of information across data gaps. 

With ~4000 active Argo floats providing approximately 12 000–13 000 profiles per month globally 

(Argo Program, 2025), monthly gridded products on 1° × 1° horizontal resolution yield ~40 000–

45 000 ocean surface grid locations after masking out land and shallow areas. Polar regions pole-

ward of ~60° latitude have severely limited coverage and higher uncertainty due to seasonal and 

permanent ice cover that prevents float surfacing and data transmission. In well-sampled mid-lati-

tude regions, this results in roughly 3–4 times as many grid points as monthly profiles. In sparsely 

sampled high-latitude regions poleward of ~60°N and S, with partial coverage from specialized ice-

avoiding floats via programs like the Southern Ocean Carbon and Climate Observations and Mod-

eling [SOCCOM]), the ratio often exceeds 10–20 times as many grid points due to lack of empirical 

data and heavier reliance on interpolation. Most common spatial interpolation algorithms (e.g., in-

verse-distance weighting or kriging with a global mean background) tend toward the domain-aver-

age value (or a local mean) as the number of nearby observations decreases and distance to the 

interpolation point increases. These methods are generally unable to perform meaningful extrapo-

lation beyond the spatial extent of the observed data and, in sparse regions, effectively revert to a 

smoothed background estimate rather than capturing potential local extremes or trends not present 

in the limited samples (Shepard, 1968; Willmott et al., 1985). 

Logically, spatial interpolation cannot increase the empirical information content of the dataset 

(Cover and Thomas, 2006; Shannon, 1948). It redistributes the limited information, without loss, 

from sparse, discrete point measurements according to data-driven covariance structures and 

physical assumptions. No new physical sampling occurs, and the total empirical information con-

tent remains bounded by the original ~12 000–13 000 monthly profiles plus data from the small 

number of specialized ice-avoiding floats. 

The gridded fields are ‘optimal’, in a statistical sense, estimates under the calculated covariances, 

with effective resolution an order of magnitude coarser than the nominal 1° grid (~111 km me-

ridional spacing at the equator), but closer to the ~300 km Argo sampling scale and chosen cor-

relation lengths (Roemmich et al., 2019). Grid-point values in data voids are informed extrapola-

tions, damped toward the climatological mean (zero for anomalies), with higher associated un-

certainty. The optimality of these estimates is defined as minimizing the sum of squared differ-

ences between interpolated values and observations. However, generating error fields from such 

statistics results in systematic underestimation of the true uncertainty. Proper error assessment 

requires interpolating to withheld observations not accessed by the algorithm, rather than com-

paring estimates to the same observations used to optimize the interpolation procedure. 

Presenting results as continuous gridded fields facilitates visualization, global integration (e.g., 

for OHC totals), and comparison with models, but risks conveying an impression of denser and 

more regular empirical coverage than exists. The underlying information is confined to sparse 

profiles, and all final gridded data are interpolated. Direct empirical measurements, obtained 

along horizontally meandering ascent trails sampled by Argo sensors, cover a negligible fraction 

of the ocean volume. Even when treated conservatively as narrow three-dimensional tubes, the 

total volume directly sampled by all Argo profiles in a year is many orders of magnitude smaller 

than the ∼1018 m3 upper-ocean volume, yielding a sampling fraction of order 10−9 or less. Because 

covariant interpolation employs correlation length scales on the order of 1000 km, and because 

multiple profiles within a grid cell are first merged to form a single input value, every point in the 

final gridded product is a calculated quantity rather than a direct measurement. 

Methodological choices, such as covariance scales, background fields, and inclusion of non-Argo 

data, introduce sensitivities in global OHC estimates, contributing to inter-product spreads equiv-

alent to differences of ~0.1–0.5 W m⁻² in derived EEI trends across analyses (Cheng et al., 2022; 

von Schuckmann et al., 2023). Reported uncertainties often focus on mapping error within indi-

vidual products but may underestimate structural biases from these assumptions. 
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3.5 Integration to OHC Scalar 

The interpolated anomaly grid is converted to a purported energy scalar by multiplying by fixed 

reference values for seawater density ρ (1027 kg m⁻³) and specific heat capacity cₚ (3985 J kg⁻¹ 

K⁻¹), then summing over grid cell volumes. 

Internal thermal energy for a seawater parcel is given by U = m × cₚ × TK but calculating ΔOHC 

using temperature anomalies ΔT omits the dominant absolute temperature term and makes im-

plicit assumptions such as conserved mass and constant thermodynamic properties within fixed 

Eulerian grid cells — assumptions that are violated in an advecting, mixing, open ocean system. 

The resulting scalar therefore corresponds to no physical energy or energy change in any real 

measured thermodynamic system. 

The use of fixed reference values for seawater density specific heat capacity, rather than fully 

variable properties from TEOS-10,6 introduces a small additional methodological approximation 

(~1–3% relative effect on OHC, equivalent to ~0.01–0.03 W m⁻² on EEI trends), further exem-

plifying dependence on conventional approximations in the energy conversion rather than the full 

physics of variable seawater properties. 

3.6 The Lagrangian Reality 

A deeper thermodynamic issue stems from the fundamental mismatch between Eulerian and La-

grangian frameworks. All current Argo-derived ocean heat content (OHC) products are con-

structed in a fixed Eulerian reference frame: temperature measurements are binned, objectively 

interpolated, and averaged into stationary grid cells (typically 1° × 1° × 2 dbar), irrespective of 

water parcel trajectories. In reality, the ocean’s water masses are continuously advected by large-

scale currents, mesoscale eddies, fronts, and turbulent mixing. As a result, the same grid cell at 

different times contains entirely different physical water parcels, with no conserved thermody-

namic identity linking the climatological baseline to subsequent measurements. 

This Eulerian averaging therefore mixes intensive temperature values from unrelated, non-equi-

librium fluid elements across space and time. The resulting pseudo-global integral does not cor-

respond to the actual heat content change of any definable, materially conserved water-mass sys-

tem. A common counterargument, that the “global” integral approximately captures heat dis-

placed elsewhere, fails because Argo provides no direct measurements in well over 50% of the 

ocean volume (particularly below 2000 m, in marginal seas, under ice, and in poorly sampled 

high-latitude or coastal regions). There is thus no truly closed, observed system; the calculation 

relies heavily on interpolation and extrapolation over vast unsampled domains. 

A truly thermodynamically meaningful OHC would require Lagrangian tracking of the same 

evolving water parcels along their trajectories: an approach that is practically impossible at global 

scale due to untracked subsurface paths and extreme dispersion over multi-year timescales. The 

resulting OHC scalar is therefore not a valid or reliable estimate of the true ocean thermal energy 

storage; instead, it is a methodological artifact dominated by arbitrary assumptions and computa-

tional choices that bear no direct relationship to the underlying physical quantity. 

3.7 Estimation of Uncertainty from Spatial and Temporal Sampling Errors 

Although the thermodynamic arguments presented in Section 3.3 demonstrate that Argo-derived 

OHC anomalies and integrated scalars are physically meaningless as quantifications of thermal 

energy change, it is instructive to evaluate the magnitude of numerous uncertainties arising from 

 
6 TEOS-10 (Thermodynamic Equation of Seawater - 2010) is the international standard for seawater ther-

modynamic properties adopted by the Intergovernmental Oceanographic Commission in 2010. It provides 

algorithms for computing seawater density, specific heat capacity, and other thermodynamic properties as 

functions of Absolute Salinity, Conservative Temperature, and pressure. TEOS-10 replaced the older EOS-

80 (Equation of State 1980) standard and accounts for spatial variations in seawater composition beyond 

simple salinity (IOC, SCOR and IAPSO, 2010; McDougall and Barker, 2011). 
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spatial and temporal limitations, and the entire calculation framework accepted as an empirical 

construct for the sake of argument only. 

3.7.1 Horizontal Misplacement and Untracked Subsurface Displacement 

Horizontal misplacement arises because all ascent measurements (6–10 hours duration) are arbi-

trarily assigned to the surfacing GPS position, despite advection by subsurface currents. Direct 

quantification is impossible due to the absence of subsurface trajectory tracking, but bounds can 

be derived from observed velocities, horizontal temperature gradients, and published OHC sensi-

tivities. 

Subsurface currents down to 2000 m typically range from 0.05–0.2 m s⁻¹, with maxima of 0.5–

0.8 m s⁻¹ (or higher in boundary current extensions and shear zones; Gaillard et al., 2009; Olli-

trault and Rannou, 2013). For a 10-hour ascent, this produces net horizontal displacements of ~2–

7 km under typical conditions and up to 18–29 km at peak velocities. A conservative range of 5–

50 km is adopted for deeper points, accommodating transient shear; the 50 km upper bound im-

plies an average velocity of ~1.4 m s⁻¹, well below Argo’s 3.0 m s⁻¹ automated rejection threshold 

for inter-profile velocity (Wong et al., 2025). This contrasts sharply with conventional treatments 

that dismiss ascent drift as a “minor contaminant” limited to <5–10 km without supporting meas-

urements (Ollitrault and Rannou, 2013). 

Horizontal temperature gradients over these distances are substantial, driven by mesoscale eddies 

(radii 50–200 km) and fronts that dominate open-ocean variability (Chelton et al., 2011). Gradi-

ents commonly reach 1–5 °C over 50–100 km across eddy boundaries or western boundary cur-

rent extensions (Frenger et al., 2013; Gaillard et al., 2009), implying temperature assignment er-

rors of ~0.5–3 °C (or greater in energetic regions) from positional misplacement alone. Equiva-

lently, this smears measurements over an irregular horizontal footprint, aliasing local 

mesoscale/sub-mesoscale gradients (typically 0.005–0.05 °C/km) into profile-level uncertainties 

of 0.05–1 °C. 

These offsets do not cancel globally in integrated OHC or EEI calculations: displacements are 

governed by local, non-stationary processes (eddies, fronts, turbulent shear) rather than large-

scale symmetric patterns. At short ascent timescales, Coriolis deflection is weak and does not 

produce opposing hemispheric biases. Instead, aliasing from untracked horizontal displacements 

during the 6–10 hour ascent (typically 5–50 km in regions of moderate to strong currents or shear) 

introduces incoherent regional errors that accumulate in Eulerian gridded fields. When combined 

with interannual circulation variability (e.g., ENSO, PDO shifts), this creates a time-dependent 

methodological bias in OHC trends. A very rough scaling suggests this effect could shift global 

EEI estimates by on the order of 0.02–0.1 W m⁻²: local temperature mis-assignments from dis-

placements over strong gradients (~0.1–1°C over 10–50 km) affect a fraction of profiles in ener-

getic regions; when integrated over the global ocean (accounting for non-perfect cancellation), 

the resulting OHC trend error translates to an EEI bias in this range, comparable to or exceeding 

some published ensemble spreads (±0.1–0.2 W m⁻²) that do not account for this foundational data-

assignment flaw (von Schuckmann et al., 2020, 2023). Similar artifacts arise from how the refer-

ence climatology is constructed: temperature profiles measured at different times during each 

month are pooled together and statistically fitted (Roemmich & Gilson, 2009). This is another 

example of how arbitrary processing choices affect the final result. 

3.7.2 Persistent Sampling Gaps and Undersampling 

Annual/Interannual Mapping and Sampling Errors 

Standard errors for annual global OHC changes (0–2000 m) range ~0.6–1.2 W m⁻² at 95% confi-

dence (~2σ) directly from Argo-era mapping uncertainties, driven by spatial gaps and interpola-

tion assumptions (Johnson et al., 2018; Meyssignac et al., 2019). 

Deep Ocean Uncertainty: Artifactual Precision vs. Physical Ignorance 
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The reported uncertainty of ± 0.04 W m⁻² for deep ocean (>2000 m) heat uptake in von Schuck-

mann et al. (2020, 2023) and subsequent ensemble products is physically meaningless as a repre-

sentation of true observational uncertainty. This value emerges from methodological artifacts ra-

ther than direct measurements: in vast unsampled regions, the analyses prescribe near-zero tem-

perature change (stasis assumption) or rely on climatological interpolation with prescribed low 

variance. This creates circular logic: lack of data is interpreted as lack of variability, which then 

justifies reporting high precision. Physically, for an unmeasured volume comprising ~50% of the 

ocean, uncertainty is bounded only by the maximum plausible temperature change (ΔTdeep) com-

patible with total EEI. The IPCC claimed EEI of 0.7 W m-2 corresponds to a mean deep-ocean 

ΔTdeep of only ~0.0003 K yr-1, far below the detection threshold of current sparse sampling (IPCC 

AR6 assessments in red): 

ΔTdeep = ΔUdeep / Cdeep ≈ 0.8 ZJ yr-1 / 2734 ZJ K-1 ≈ 0.0003 K yr-1 

  EEI  Earth surface area  Seconds per year   ∆UEarth  

∆UEarth  ≈ (0.7 W m-2) × (5.1 x 1014 m2) × (3.156 x 107 s yr-1)   ≈ 11.3 ZJ yr-1 

  ∆UEarth   Ocean % of global EEI  Deep ocean % of ∆OHC   ∆Udeep  

∆Udeep  ≈ 11.3 ZJ yr-1 × 91% × 8%   ≈ 0.8 ZJ yr-1 

  Deep ocean  Ocean volume  Seawater density  Seawater heat capacity Cdeep  

Cdeep  ≈ 50% × (1.335 x 1018 m3) × 1028 kg m-3 × 3985 J kg-1 K-1  ≈ 2734 ZJ K-1 

Even with recent growth in the Deep Argo pilot array to ~315 floats, the limitation persists: sam-

pling density remains roughly 1 float per 2–3 million km3 (equivalent to an Alaska-sized surface 

area) of deep ocean volume, providing negligible coverage for constraining global, volume-

weighted mean temperature change. Deep Argo data are used primarily for regional validation or 

supplement, not as the primary basis for global error budgets in von Schuckmann et al. (2023) or 

related products, which continue to rely on repeat hydrography (decadal ship tracks) and null 

assumptions in data gaps. The ~315 floats provide no meaningful reduction in structural uncer-

tainty for the full deep ocean; they remain a performative addition insufficient to distinguish small 

signals (0.0003 K yr-1 for 8% uptake) from larger plausible changes (~0.002 K yr-1 for 50% up-

take) or zero. 

The typical abyssal temperature variability is estimated at σT ≈ 0.05 K, consistent with model-

based estimates of deep ocean variability (Desbruyères et al., 2016). With current Deep Argo 

coverage limited to ~315 floats, the unsampled fraction of the deep ocean remains >0.99, yielding 

an absolute uncertainty of Cdeep × σT × funsampled = 2734 ZJ K-1 × 0.05 K × 0.99 ≈ 135 ZJ for the 

deep ocean thermal energy. Over the 48-year period 1971–2018, this translates to deep ocean 

global equivalent flux uncertainty: 

 135 ZJ / (48 yr × (3.156 × 107 s yr-1) × (5.1 × 1014 m2)) ≈ ± 0.175 W m-2 

Accounting for the amplification of aliasing due to Nyquist-Shannon violations in sparse sam-

pling (approximately a factor of 2, as demonstrated in model subsampling studies), the deep ocean 

ignorance uncertainty is estimated at ~± 0.35 W m⁻² which aligns with previous studies: Purkey 

& Johnson (2010) report ~± 0.1 W m⁻², Zilberman et al. (2023) ~± 0.2 W m⁻² from sampling error 

analyses, Meyssignac et al. (2019) ~± 0.13 W m⁻² for the deep contribution in sea level budget 

closure, and von Schuckmann et al. (2023) ~± 0.1 W m⁻² for deep ocean uptake. Synthesizing 

these, the deep ocean ignorance uncertainty is conservatively estimated at ~± 0.35 W m⁻², while 

the claimed ± 0.04 W m⁻² is a result of computational assumptions rather than a measure of phys-

ical uncertainty. 

Polar Ocean Undersampling: Amplified Ignorance and Additional Uncertainty 

The undersampling problem is even more severe in the polar oceans (Arctic and Southern, beyond 

~60°N/S, including ice-covered regions), which comprise ~10% of ocean surface area but signif-

icant volume (especially shelves, deep basins, and marginal seas). Standard Core Argo floats face 

high mortality from ice crushing or failure to surface/transmit under permanent/seasonal ice; cov-

erage relies on ice-avoidance algorithms, Iridium-equipped floats, and limited Polar Argo exten-

sions (e.g., SOCCOM in Southern Ocean, SODA/GREEN EDGE in Arctic). As of late 2025, 
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Polar Argo sampling remains sparse, with only hundreds of profiles acquired, corresponding to 

an effective density of roughly one float per several million km³ in ice-covered regions, about an 

order of magnitude sparser than the global Argo average. Products like von Schuckmann et al. 

(2020, 2023) and updates (e.g., 2023–2025 OHC reports) explicitly exclude or minimally include 

polar regions due to poor data, yet when extrapolated via climatology or models, they assume low 

variability in gaps. This mirrors deep-ocean circularity: absence of measurements → presume 

quiescence → manufacture high precision. Physically, polar contributions (potentially 5–15% of 

global EEI via circulation/ice interactions) imply plausible flux equivalents of ~0.05–0.15 W m⁻² 

globally; sparse sampling cannot detect mean ΔT changes of ~0.001–0.005 K/yr across unsampled 

volumes, rendering true uncertainty ~± 0.2–0.5 W m⁻² from polar regions alone. 

Even pilot efforts (ice-tethered profilers, gliders, BGC extensions like SOCCOM) provide only 

regional snapshots, not global volume-weighted constraints. The ~315 Deep Argo floats barely 

penetrate polar deep layers, and no full-scale Polar Argo array exists to address ice barriers, high 

variability (e.g., ice-albedo, freshwater fluxes), or seasonal inaccessibility. von Schuckmann-re-

lated ensembles acknowledge polar gaps as a source of potential underestimation (10% trend im-

pact if polar warming significant) but report overall EEI uncertainties of ± 0.1–0.2 W m⁻² (e.g., 

0.76 ± 0.2 W m⁻² for 2006–2020). This ignores structural flaws: polar data voids dominate inter-

polation, and null/low-variance assumptions suppress error bars artificially. 

We estimate total polar ocean temperature variability as σTpolar ≈ 0.1 K. Heat content of the polar 

oceans is estimated by Cpolar = mpolar × cp where  

mpolar ≈ (25.3 × 1015
 m

3 [>60° N] + 71.8 × 1015
 m

3 [>60° S]) × 1028 kg m-3 ≈ 1.0 × 1020 kg 

Cpolar ≈ 1.0 × 1020 kg × 3985 J kg-1 K-1 ≈ 399 ZJ K⁻¹ 

With current Argo polar coverage limited to even fewer floats than Deep Argo, the unsampled 

fraction of the deep ocean remains >0.99, yielding an absolute uncertainty for the polar oceans’ 

thermal energy of  

Cpolar × σTpolar × funsampled = 399 ZJ K-1 × 0.1 K x 0.99 ≈ 39.5 ZJ 

Over the 48-year period 1971–2018, this translates to a polar ocean global equivalent flux uncer-

tainty: 

39.5 ZJ / (48 yr × (3.156 × 107 s yr-1) × (5.1 x 1014 m2)) ≈ ± 0.05 W m-2. 

Accounting for the amplification of aliasing due to Nyquist-Shannon violations in sparse sam-

pling (approximately a factor of 2, as demonstrated in model subsampling studies), the polar 

ocean ignorance uncertainty is estimated at ~± 0.1 W m⁻². 

Unresolved Mesoscale Variability in Boundary Currents and Eddy-Rich Regions 

Unresolved mesoscale variability in boundary currents and eddy-rich regions represents a major 

structural source of uncertainty in Argo-derived global OHC estimates and derived EEI values. 

Approximately 90% of total global ocean kinetic energy is contained in these eddy fields (Ferrari 

& Wunsch, 2009). These areas, including the Gulf Stream, Kuroshio Extension, Antarctic Cir-

cumpolar Current, and Agulhas Current, exhibit intense, small-scale (10–200 km) fluctuations in 

temperature, salinity, and velocity driven by eddies, fronts, meanders, and instabilities. The ki-

netic energy of ocean currents is orders of magnitude smaller than the thermal energy stored in 

the water, yet these flows transport immense amounts of thermal energy. Core Argo’s sparse 

sampling (~4000 floats, with typical spacing of ~300 km) fails to resolve these features, leading 

to large local root-mean-square errors (RMSE) in mapped heat content equivalent to >100 W m⁻² 

surface flux in energetic zones. 

When these local errors alias into global integrals (misrepresenting high-frequency variability as 

low-frequency signals), they propagate as residual interannual noise or uncertainty in the global 

mean OHC trend or EEI estimates given grossly under- or completely unsampled fraction of the 

total global ocean. Energy is conserved in the total volume not the Argo sampled fraction. 

Meyssignac et al. (2019) note that: 
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“Estimating the uncertainty in OHC changes at interannual time scales is more challeng-

ing because of insufficient spatio-temporal coverage. So far, few studies have provided 

estimates. Estimates of annual OHC changes for 0–2000 m have standard errors of 0.3–

0.6 Wm–2 [1σ] over the Argo era, and those errors increase substantially for the pre-Argo 

time period (Johnson et al., 2018, their Figure 2).” (p. 11) 

We also adopt 0.6-1.2 W m-2
 as the 2σ value for the unresolved mesoscale uncertainty. This un-

certainty alone is comparable to or exceeds the reported central EEI values (0.7 W m⁻²), meaning 

year-to-year global OHC fluctuations are dominated by sampling artifacts rather than true physi-

cal change. 

This uncertainty arises because mapping/interpolation schemes (e.g., optimal interpolation, ma-

chine learning regressions) must fill vast unsampled volumes with assumed covariance structures 

that fail to capture the full amplitude and spectrum of mesoscale activity in the strong boundary 

currents of ocean basins. High-resolution methods (e.g., satellite altimetry + in situ blending) 

reduce but do not eliminate the issue, as Argo remains the primary subsurface constraint. Similar 

ranges appear in related works on mapping uncertainties, high-resolution OHC products, and re-

views of Argo limitations (e.g., Lyman & Johnson, 2023 on Random Forest Regression Ocean 

Maps [RFROM]; broader discussions in Meyssignac et al., 2019, von Schuckmann et al. ensem-

bles, and Wang et al., 2018). Wang et al. cautioned that,  

“[D]ata during the Argo period are still insufficient to observe the meso-scale eddies and 

OHC changes related to weather phenomena” (p. 2485). 

3.7.3 Arbitrary Processing Choices and Methodological Artifacts 

Structural/Methodological spreads across Argo-based OHC products 

Intercomparisons of multiple Argo-based in situ mappings, such as those from IAP, EN4, Ishii, 

NOAA NCEI, BOA, SCRIPPS, IPRC, MOAA, SIO, and others, show spreads in ocean heat up-

take (OHU ≈ EEI proxy) of 0.23–0.56 W m⁻² for 2005–2019 trends, with annual variability 

spreads larger due to differing quality control, climatologies, and covariance choices (Hakuba et 

al., 2024). For example, during the Argo-dominated period (2005–2019), global OHC trends in 

the upper 2000 m vary across eight objective analysis products (e.g., BOA: 3.6 ZJ yr⁻¹ in 0–300 

m; EN4: 4.1 ZJ yr⁻¹), yielding spreads of ~0.5 ZJ yr⁻¹ (0.1 W m⁻² EEI equivalent) in layer-specific 

rates, with EN4 often an outlier due to stronger warming signals (Bilgili, 2025).  

Recent updates, such as IAPv4 (10.7 ± 1.0 ZJ yr⁻¹ for 2005–2023 upper 2000 m) versus IAPv3 

(9.6 ± 1.1 ZJ yr⁻¹), demonstrate ~11% differences attributable to bias corrections and data han-

dling, translating to EEI spreads of ~0.1–0.2 W m⁻² across datasets (Cheng et al., 2024a). These 

discrepancies arise from arbitrary methodological choices in interpolation, averaging, and assim-

ilation, despite shared raw Argo inputs, providing direct evidence of inherent uncertainty in the 

methodologies themselves. These discrepancies arise from arbitrary methodological choices in 

interpolation, averaging, and assimilation, despite shared raw Argo inputs, providing direct evi-

dence of inherent structural uncertainty in the methodologies themselves, adding systematic un-

propagated bias equivalent to ~± 0.2–0.5 W m⁻² or more. 

Arbitrary Choice of Baseline Date Range 

A change in the climatology date range used for calculating OHC anomalies from Argo data can 

introduce substantial differences in implied EEI, typically on the order of ~0.1–0.3 W m⁻² (sys-

tematic spread) for decadal trends, as evidenced by sensitivity analyses of objective mapping 

methods where climatology choices are a primary contributor to error (e.g., Boyer et al., 2016; 

Lyman & Johnson, 2014). This arises because shifting the reference period (e.g., from 2004–2018 

to 2005–2019 or later Argo-era windows) can alias different phases of decadal variability like the 

PDO or the Atlantic Multidecadal Oscillation (AMO) into the baseline mean, leading to offsets 

in OHC estimates that propagate to EEI, particularly when mapping methods relax to the clima-

tological mean in data-sparse regions, rendering fine-resolution EEI claims sensitive to arbitrary 

baseline selection. 
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Eulerian vs. Lagrangian Framework and Resulting Uncertainty 

Regional Lagrangian analyses of ocean circulation and heat transport reveal substantial discrep-

ancies with traditional Eulerian OHC estimates. These analyses are based on high-resolution, 

ocean-only hindcast simulations (eddy-permitting to eddy-rich NEMO/ORCA configurations 

forced by atmospheric reanalyses), not on coupled global general circulation climate models 

(GCMs). Unlike CMIP-style GCMs, which suffer from coupled atmosphere / ocean feedbacks, 

extensive parameterization of unresolved processes (clouds, convection, mixing), the fundamen-

tal physical meaninglessness of GMST due to spatial temperature averaging, and inherent struc-

tural uncertainties in long-term projections, these hindcasts are tightly constrained to reproduce 

observed historical variability and focus strictly on the actual physics of ocean advection and heat 

transport at regional scales. They therefore do not inherit the fundamental thermodynamic and 

averaging problems that afflict global coupled GCMs or Eulerian OHC products. 

For example, Tooth et al. (2024) used water parcel trajectories in an eddy-rich hindcast to decom-

pose meridional energy transport at 26.5°N in the Atlantic, finding that recirculating parcels in 

the subtropical gyre account for 37 ± 9% of the total energy transport, a contribution that Eulerian 

vertical-horizontal decompositions often attribute differently or underemphasize due to their 

fixed-grid averaging over unrelated water masses. Similar Lagrangian decompositions in the east-

ern North Atlantic subpolar gyre (Tooth et al., 2023) and other regions highlight how Eulerian 

methods mix signals from advecting, non-conserved parcels, leading to differences in inferred 

heat uptake pathways and magnitudes that can reach 30–50% regionally. 

These discrepancies imply significant uncertainty when extrapolating regional Eulerian OHC es-

timates to global scales. In the Atlantic at 26.5°N alone, the 30–40% attribution difference corre-

sponds to ~0.1–0.2 PW (petawatt) in heat transport uncertainty (based on typical total meridional 

heat transport ~1–1.5 PW at that latitude). Scaled globally (considering the Atlantic contributes 

~25–30% of total ocean heat uptake), we derive this conservative range by converting the esti-

mated transport discrepancies directly into global energy flux equivalents. A systematic error of 

~0.1–0.2 PW, when distributed over Earth’s surface area (5.1×1014 m²), yields a baseline bias of 

approximately 0.2–0.4 W m⁻². To account for potential partial compensations between basin cir-

culations while acknowledging the magnitude of the Atlantic bias, we adopt 0.1–0.4 W m⁻² as a 

robust estimate of the structural uncertainty inherent in Eulerian heat budget closures. This un-

certainty is not captured in current ensemble spreads (± 0.1–0.2 W m⁻²), as they rely on correlated 

Eulerian products and do not account for the Lagrangian framework's fundamentally different 

view of heat pathways and conservation. 

3.7.4 Lack of Independence in Ensembles and Consensus Over-Simplification 

The reported EEI uncertainty of ± 0.2 W m⁻² (IPCC AR6 Figure 7.2: 0.7 W m⁻², range 0.5–0.9 W 

m⁻²) relies on apparent convergence across OHC products (IAP, NOAA/NCEI, EN4, Ishii). How-

ever, this convergence fails to quantify total uncertainty because the products lack independence. 

All major Argo-era OHC estimates share ~90% of their raw input from the same ~4000 floats 

(Riser et al., 2016). Differences arise solely from processing variations: climatology baselines 

differing by 15 years between IAPv3 (1990–2005) and IAPv4 (2006–2020), substantial differ-

ences in quality control thresholds, and unquantified covariance radii in mapping (Cheng et al., 

2024a). With correlations ρ > 0.8, the effective number of independent samples reduces to ~1–2, 

violating the Central Limit Theorem. Ensemble uncertainty thus approximates single-product un-

certainty rather than reducing by √N (where N = 4 to 6 in most OHC ensemble estimates of EEI). 

Common-mode systematic biases further undermine reliability. Argo salinity biases, primarily 

due to sensor drift in the conductivity cells of CTD sensors (mostly Sea-Bird SBE 41/41CP), 

affect the vast majority of profiles. According to a detailed evaluation of raw Argo salinity data 

from 2000–2021, approximately 90% of profiles requiring adjustment have small-magnitude drift 

(<0.03 psu), while 2–3% exhibit more severe drift (>0.05 psu). A particularly concerning episode 

occurred during 2017–2018, when ~17% of annual profiles showed adjustable positive (salty) 
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drift, peaking due to a temporary manufacturing defect in the encapsulant material used in CTDs 

deployed around 2015–2018 (Wong et al., 2023). 

These widespread and temporally correlated biases are shared across the global Argo fleet due to 

similar sensor technology. If left unadjusted or incompletely corrected, they introduce spurious 

salinity increases in raw data, which propagate into density calculations via the equation of state. 

This creates artificial (spurious) halosteric sea level signals that contaminate steric height prod-

ucts. Although OHC itself is computed from temperature anomalies only, the resulting spurious 

density/steric trends distort validation of OHC against independent observations (satellite altim-

etry + gravimetry), cause non-closure of the global sea level budget, and increase systematic un-

certainty in attributing observed sea level rise to true thermosteric ocean heat uptake. Delayed-

mode quality control mitigates most issues, but residual undetected or unquantifiable bias persists, 

adding systematic uncertainty to global ocean state estimates, including heat content and sea level. 

Mapping artifacts contribute ± 0.2–0.5 W m⁻² regional errors (e.g., Southern Ocean), propagating 

to ~0.1 W m⁻² globally (Gregory et al., 2014). Inter-product spreads of 0.1–0.2 W m⁻² (2005–

2018 trends: 0.54–0.64 W m⁻²) reflect methodological consistency, not robustness (Cheng et al., 

2022). All products assume isotropic covariance, underestimating eddy-rich region biases 

(± 0.05–0.1 W m⁻²). Deep hydrography uncertainties add ± 0.3–0.5 W m⁻² (Garry et al., 2019), 

and sea level closure introduces ± 0.29–0.37 W m⁻² uncertainty (Meyssignac et al., 2019). 

CERES TOA annual mean uncertainties for global net flux are on the order of ± 4 W m⁻² (Loeb 

et al., 2018), with interannual variability typically ± 1–2 W m⁻² driven by ENSO and cloud effects 

(Loeb et al., 2021). Upper-ocean heat content (OHC; 0–700 m) has been underestimated by ap-

proximately 20–40% due to observational gaps, particularly in the Southern Hemisphere (Durack 

et al., 2014). Decadal EEI trend uncertainty from CERES is dominated by systematic errors (∼0.1 

W m⁻² decade⁻¹ from instrument stability and drift; Loeb et al., 2021; Raghuraman et al., 2021) 

and internal variability, with total uncertainty comparable to the observed trend itself (0.50 ± 0.47 

W m⁻² decade⁻¹ over the Argo era from 2005 to 2019; Loeb et al., 2021). While extended CERES 

records (2001–2024) indicate a statistically significant linear trend of 0.45 ± 0.22 W m⁻² decade⁻¹ 

at 95% confidence (Loeb et al., 2024), the shorter Argo-era interval exhibits a trend where uncer-

tainty remains comparable in magnitude to the signal itself, highlighting the difficulty in detecting 

acceleration. 

Figure 7.2’s presentation exacerbates these issues by displaying EEI as a single value without 

timescale qualifiers, implying universal precision that obscures higher annual/interannual uncer-

tainties acknowledged elsewhere in AR6 text. This over-simplification fosters overconfidence, as 

the narrow range masks correlated assumptions, gap-induced errors, and the fundamental limita-

tions of sparse Argo sampling. 

3.7.5 Nyquist-Shannon Theorem and Aliasing in Argo Data 

Subsection 3.7.2 already quantifies the uncertainty from unresolved mesoscale variability in 

eddy-rich regions (including boundary currents like the Gulf Stream, Kuroshio Extension, Ant-

arctic Circumpolar Current, and Agulhas Current), where sparse Argo sampling fails to resolve 

10–200 km fluctuations, leading to local RMSE >100 W m⁻² in energetic zones that propagate 

via aliasing into global integrals as residual interannual noise or uncertainty on the order of ~0.6–

1.2 W m⁻² (2σ) for global OHC trends or EEI estimates. This discussion highlights practical ob-

servational and interpolation limitations but does not explicitly invoke the fundamental signal 

processing principle responsible for the aliasing: the Nyquist-Shannon sampling theorem (Shan-

non, 1949). The theorem imposes irreducible limits on detectable spatial and temporal frequen-

cies, independent of mapping quality or statistical assumptions. High-frequency signals (from 

mesoscale eddies and smaller features) are inevitably misrepresented as lower-frequency ones 

when sampling rates significantly violate the Nyquist criterion that sampling frequency be at least 

twice the highest signal frequency. 

This subsection therefore builds on Subsection 3.7.2 by providing the theoretical basis for the 
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aliasing already quantified there. Furthermore, it identifies additional structural uncertainties aris-

ing from theorem violations in regions with even sparser effective sampling (deep ocean and polar 

areas), where Nyquist limits are more severely exceeded. 

Argo’s target horizontal spacing (300 km mean distance) and 1° grid resolution yield a spatial 

Nyquist wavelength of ~200 km, marginally resolving large mesoscale features but aliasing 

smaller eddies/submesoscale variability (<50–100 km). Temporally, the 10-day cycle limits res-

olution to periods ≥20 days, aliasing faster processes (e.g., eddy passages of 5–15 days). These 

limits explain the aliasing mechanism in Subsection 3.7.2 but do not add new global uncertainty 

beyond it, as the primary mesoscale energy dominance (~90% of ocean kinetic energy in geo-

strophic eddy fields; Ferrari & Wunsch, 2009) is already captured. 

Nyquist Limitations in Deep and Polar Oceans 

The theorem’s constraints become particularly severe in the deep ocean (>2000 m, ~50% of ocean 

volume) and poleward of 60° N and S (~10% of ocean surface area and ~7% of volume), where 

sampling sparsity pushes Nyquist wavelengths far beyond mesoscale scales, exacerbating aliasing 

and providing additional uncertainty not fully covered in prior subsections. 

Core Argo floats provide no data below 2000 m. The current pilot ~315 Deep Argo floats result 

in effective intervals of ~900 km, yielding Nyquist wavelengths ~1800 km. High-frequency deep 

ocean processes (abyssal eddies, internal waves, bottom water formation at ~100–500 km scales) 

are thus aliased or undetectable. Model studies indicate such sparsity folds deep signals into ap-

parent basin-scale trends (Purkey & Johnson, 2010; Zilberman et al., 2023). The Nyquist-Shannon 

theorem therefore elucidates one key mechanism contributing to our estimated ≥± 0.3 W m⁻² deep 

ocean ignorance bound: the irreducible folding of unresolved high-frequency variability into re-

solved low-frequency signals due to theorem violations from extreme sparsity. This aliasing ef-

fect, estimated at ~± 0.2–0.4 W m⁻² in model-based analyses of sparse deep ocean sampling, is 

not a separate addition but a specific manifestation of the broader physical ignorance, refining 

and corroborating our bound. This reinforces our conclusion that deep OHC uncertainties of 

± 0.04 W m⁻² given by von Schuckmann et al. (2020/2023) are unrealistically narrow, relying 

heavily on low-variance interpolation assumptions that ignore both the general lack of observa-

tional constraint and the fundamental aliasing imposed by Nyquist limits. 

Polar regions all suffer chronic undersampling (<10% in area Argo coverage and <<1% in volume 

due to ice and logistics; Riser et al., 2016), with intervals >500 km and Nyquist wavelengths 

>1000 km. This fails to resolve high-frequency polar variability (polynyas, iceshelf melt plumes, 

rapid frontal shifts at ~10–100 km). Temporal aliasing worsens from the 10-day cycle missing 

fast ice-ocean interactions (e.g., diurnal tidal mixing). 

Implications for Global OHC and EEI 

The Nyquist theorem provides the physical rationale for the mesoscale aliasing uncertainty al-

ready quantified in Subsection 3.7.2. In undersampled deep and polar volumes, it introduces sim-

ilar large uncertainties described above of ≥± 0.3 W m-2 for deep non-polar ocean and ≥± 0.1 W 

m-2 for polar oceans. Current assessments overlook these fundamental sampling constraints, treat-

ing OHC as overly precise. Denser arrays could mitigate this, but Nyquist limits remain irreduc-

ible with the present methodology. 

3.7.6 Quantitative Summary of Uncertainty Contributions 

Combining all identified sources of error yields a conservative 95% confidence uncertainty on 

annual-to-decadal EEI well exceeding ± 1 W m⁻². Key contributors include: 

a. Unresolved mesoscale variability in boundary currents and eddy-rich regions, propagat-

ing to interannual global noise of ~0.6–1.2 W m⁻² (2σ parametric/interannual noise). 

b. Persistent sampling gaps in the deep ocean (>2000 m), introducing physical ignorance 

bounds of ~± 0.35 W m⁻² due to stasis assumptions and sparse coverage (~315 Deep Argo 
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floats projected, negligible density). 

c. Altimetry and mass budget uncertainty of ~0.29–0.37 W m-2 due to the discrepancy be-

tween OHC-implied sea-level change and satellite altimetry/gravimetry measurements. 

d. Structural discrepancies between Eulerian and Lagrangian frameworks, implying poten-

tial global biases of ~0.1–0.4 W m⁻² from mixing of non-conserved water parcels. 

e. Arbitrary baseline/climatology choices, which shift decadal trends by ~0.1–0.3 W m⁻² 

across reasonable Argo-era windows. 

f. Persistent sampling gaps in the polar/high-latitude regions, introducing physical igno-

rance bounds of ≥± 0.1 W m⁻² due to sparse coverage and ice barriers preventing float 

survival/transmission. 

g. Horizontal misplacement and untracked subsurface displacement during ascent, produc-

ing potential methodological biases of ~0.02–0.1 W m⁻² or more from aliasing of local 

gradients. 

 

Table 1. Quantified Sources of Uncertainty and Bias in Argo-Based EEI Estimates 

A conservative summary of major uncertainty and bias sources contributing to EEI estimates 

derived from Argo-based OHC calculations on annual-to-decadal timescales. Total compounded 

uncertainty exceeds reported values by an order of magnitude. All ranges represent conservative 

estimates at approximately 95% confidence. A conservative lower-bound estimate of total com-

pounded uncertainty can be illustrated via root-sum-square (RSS) synthesis of the components 

listed above, though this method is strictly valid only for independent, Gaussian errors. Taking 

midpoint values: √(0.9²+0.35²+0.332+0.25²+0.22+0.1²+0.06²) ≈ 1.1 W m⁻² at approximately 95% 

confidence. However, this RSS approach systematically underestimates total uncertainty be-

cause: (1) structural and ignorance terms (b, c, e, f) represent fixed bounds rather than Gaussian 

measurement scatter, requiring linear rather than quadratic aggregation; (2) sampling gaps (b, 

f) share common exclusionary causes, creating positive correlation which violates RSS independ-

ence assumptions; and (3) explicit systematic biases (d, g) are directional offsets that do not ran-

domly cancel. A more realistic synthesis treating structural terms as partially additive yields ≥± 1 

W m⁻² at 95% confidence as a conservative lower bound. 

Source 

Uncertainty/Bias 

± (W m-2) Type 

a. Unresolved mesoscale variability in 

boundary currents and eddy-rich regions 
~0.6–1.2 (2σ) Parametric/interannual noise 

b. Persistent sampling gaps:  

deep ocean (>2000 m) 
~0.35 Structural/physical ignorance 

c. Altimetry & mass budget uncertainty ~0.29–0.37 Structural/closure problem 

d. Structural discrepancies between Eulerian 

and Lagrangian frameworks 
~0.1–0.4 Framework bias 

e. Arbitrary baseline/climatology ~0.1–0.3 Processing artifact 

f. Persistent sampling gaps:  

polar/high-latitude regions 
~0.1 Structural/physical ignorance 

g. Horizontal misplacement and untracked 

subsurface displacement during ascent 
~0.02–0.1 Methodological bias 

Total compounded (95% confidence) ≥± 1 Overall 
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These uncertainties are compounded by lack of independence in OHC ensembles (shared inputs, 

high correlations ρ > 0.8, effective N ≈ 1–2) and common-mode systematics (e.g., salinity biases, 

interpolation artifacts), rendering reported values of ± 0.1–0.2 W m⁻² (e.g., von Schuckmann et 

al., 2023; IPCC AR6 Figure 7.2) applicable only to within-product parametric variance under 

optimistic gap-extrapolation assumptions. This narrow range excludes all uncertainty/bias sources 

quantified above. 

A conservative lower-bound estimate of total uncertainty can be illustrated via root-sum-square 

(RSS) synthesis of the components listed above, though this method is strictly valid only for in-

dependent, Gaussian errors (Taylor, 1997, Chapter 3; Trenberth, 2009). Taking midpoint values: 

√(0.9²+0.35²+0.332+0.25²+0.22+0.1²+0.06²) ≈ 1.1 W m⁻². However, this RSS approach actually 

underestimates total uncertainty because: (1) structural and ignorance terms (b, c, e, f) represent 

fixed bounds rather than Gaussian measurement scatter, requiring linear rather than quadratic 

aggregation; (2) sampling gaps (b, f) share common exclusionary causes, creating positive corre-

lation which violates RSS independence assumptions; and (3) explicit systematic biases (d, g) are 

directional offsets that do not randomly cancel. A conservative synthesis treating structural terms 

as partially additive yields ≥± 1 W m⁻² at 95% confidence. 

This total 95% confidence uncertainty (≥± 1 W m⁻²) exceeds the uncertainty of the IPCC AR6 

EEI estimate of 0.7 ± 0.2 W m⁻² (Figure 7.2) by an order of magnitude. When structural flaws 

such as non-additive intensive anomalies, dominant interpolation in unsampled volumes, frame-

work discrepancies, untracked trajectories, and arbitrary positional assignment are rigorously ac-

counted for, the central estimate becomes statistically indistinguishable from zero on annual-to-

decadal timescales. The continued presentation of narrow uncertainties as observational therefore 

constitutes a critical overstatement of measurement capability, obscuring fundamental limitations 

in sparse Argo sampling, deep and polar undersampling, mesoscale aliasing, and arbitrary pro-

cessing choices. 

This total uncertainty also renders CERES EBAF adjustments (forced to match OHC-derived 

EEI) circular and artifactual, as raw CERES absolute uncertainties (± 3–5 W m⁻²; Loeb et al., 

2018) vastly exceed the claimed precision. The rigorous accounting presented here, independent 

of ensemble convergence, demonstrates total EEI uncertainty of ≥± 1 W m⁻² on annual-to-inter-

annual timescales, consistent with natural variability and observational noise (± 1–2 W m⁻²; Loeb 

et al., 2021). Enhanced observing systems would be required to reduce mapping errors below 

± 0.3 W m⁻² (Meyssignac et al., 2019; von Schuckmann et al., 2023). 

This conclusion is further reinforced by the absence of any physically meaningful global-scale 

metric for the intensive property temperature (Essex et al., 2007; Essex & Andresen, 2018; 

Cohler, 2025), rendering global mean surface temperature (GMST) an arbitrary average over a 

non-equilibrium system with no unique averaging rule among infinitely many valid options. From 

first principles, the CO₂-driven global warming hypothesis, while grounded in radiative physics 

(van Wijngaarden & Happer, 2025), lacks empirical validation due to the thermodynamic inva-

lidity of such constructs and the inability to measure the extensive quantities OHC and EEI with 

sufficient precision. 

3.7.7 Indeterminacy of Ocean Vertical Energy Change Partitioning 

The claimed vertical partitioning of purportedly positive net flux of energy into the ocean, wherein 

~85–93% is attributed to the volume above 2000 m with ~7–15% below, is not an empirically 

robust finding, but rather a derived construct from observationally sparse and methodologically 

constrained datasets (IPCC AR6 uses 15 different ensemble members referring back to von 

Schuckmann et al. 2020 and 2023). 

This claim of predominant upper-ocean dominance is made by multiple syntheses, including the 

IPCC AR6 assessment (Forster et al., 2021, Table 7.1), and claims based on von Schuckmann et 

al. (2020) that the upper-lower gains during 1971–2018 were 364.9 ± 83.5 ZJ (~92%) and 

31.0 ± 15.4 ZJ (~8%), respectively. The percentage partition reported by von Schuckmann et al. 

(2023) adding two years of data (1971-2020) remains the same. 
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Given the profound structural uncertainties and thermodynamic invalidity inherent in all estimates 

of OHC change demonstrated in our analysis, it is impossible to scientifically exclude even a 

roughly balanced 50%-50% split, or any other equitable distribution, in the vertical partitioning of 

net flux of energy into the ocean between the upper (<2000 m) and lower (>2000 m) ocean layers. 

Therefore, the claimed partitioning is not an empirical observation, but a computational artifact de-

rived from sparse, non-physical integrations of intensive temperature anomalies across vast unsam-

pled volumes. Deep ocean contributions, estimated at ~8% or ~0.07–0.1 W m⁻² equivalent (von 

Schuckmann et al., 2020, 2023), rely on decadal ship-based repeat hydrography with coverage of 

<<1% of deep volume and uncertainties often exceeding ± 50% of the signal, compounded by as-

sumptions of stasis in data gaps that artificially suppress uncertainty (Garry et al., 2019). 

Even in the Argo era, where upper-layer sampling is denser, the same methodological flaws such 

as arbitrary baselines, Eulerian averaging over non-conserved water masses, and untracked tra-

jectories, render the dominance of upper warming unreliable, with structural uncertainties (e.g., 

± 0.3–0.5 W m⁻² for deep layers alone) large enough to accommodate deep fractions up to 30–

50% or higher without contradicting the flawed data (Allison et al., 2019). 

Pre-Argo estimates, with much sparser profiles and known biases like XBT fall-rate errors, am-

plify this indeterminacy, yet modern ensembles circularly blend them without resolving the foun-

dational issues. This narrative of precise vertical partitioning is further undermined by model bi-

ases that underestimate shallow OHC gain while overestimating deep penetration, as well as per-

sistent observational gaps in polar and abyssal regions that could mask substantial deep ocean 

variability (IPCC, 2021).  

With no thermodynamically valid global scalar for OHC change, and uncertainties dwarfing the 

reported EEI (0.7 W m⁻²), alternative distributions like 50%-50% remain plausible, aligning with 

the baseline ~50%-50% total energy split between the upper and lower ocean and highlighting 

how claims of upper dominance are scientifically unsubstantiated. 

4. Discussion 

The construction of Argo-derived global OHC anomalies and derived EEI estimates involves a 

sequence of mathematical operations that progressively disconnect the final scalar from any meas-

urable physical quantity of thermal energy. Temperature measurements, being intensive point 

values defined only in local thermodynamic equilibrium, are first assigned to arbitrary geographic 

coordinates ignoring untracked subsurface horizontal displacements of 5–50 km during ascent, 

then differenced against a climatological reference that itself is a non-physical statistical construct 

lacking correspondence to any actual water mass. The resulting anomalies, which are thermody-

namically meaningless due to the non-additivity of temperature across non-equilibrium spatial 

and temporal domains (Essex et al., 2007; Essex & Andresen, 2018), are then aggregated via 

interpolation algorithms that fill the vast majority of ocean volume with values determined by 

prescribed covariance functions and correlation scales rather than direct measurements. 

The integrated OHC scalar thus represents a computational artifact whose magnitude and sign are 

highly sensitive to methodological choices, including reference-period selection (introducing 

± 0.1–0.3 W m⁻² sensitivity), correlation lengths, damping parameters, baseline climatology, and 

the choice of Eulerian versus Lagrangian framework (± 0.1–0.4 W m⁻² systematic bias), rather 

than to any conserved physical property. Our comprehensive uncertainty analysis (Section 3.7, 

Table 1) demonstrates that when all identifiable sources are rigorously quantified, the total 95% 

confidence uncertainty on annual-to-decadal EEI reaches at least ± 1 W m⁻², roughly an order of 

magnitude larger than values commonly reported in IPCC AR6 (± 0.1–0.2 W m⁻²). This total 

uncertainty exceeds their central EEI estimate of 0.7 W m⁻² (range 0.5–0.9 W m⁻² [IPCC’s 90% 

CI]7; Figure 7.2), rendering it statistically indistinguishable from zero. 

 
7 IPCC uses a non-standard, ill-defined notation in this energy budget diagram. Quoting p. 169 of IPCC 

AR6 WGI: “Throughout this WGI Report, unless stated otherwise, uncertainty is quantified using 90% 
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Previous studies have quantified portions of this methodological sensitivity. Boyer et al. (2016) 

demonstrated that mapping method and baseline climatology choices alone can shift upper-ocean 

heat content trends by amounts comparable to the reported signal. Cheng et al. (2024a) 

acknowledge that month-to-month variability in their IAPv4 product often exceeds signals de-

tectable by satellite radiometry, while ensemble spreads among products (von Schuckmann et al., 

2023) reach ± 0.1–0.2 W m⁻² for decadal trends. However, these reported spreads capture only 

within-ensemble variance and do not account for the systematic biases and structural uncertainties 

we have quantified: unresolved mesoscale variability (± 0.6–1.2 W m⁻² parametric noise), deep 

ocean physical ignorance bounds (± 0.35 W m⁻²), sea-level closure discrepancy problem (±0.29–

0.37 W m-2), Eulerian-Lagrangian framework difference (±0.1–0.4 W m-2), arbitrary baseline cli-

matology (±0.1–0.3 W m-2), polar ocean undersampling (± 0.1 W m⁻²), and untracked subsurface 

trajectories (± 0.02–0.1 W m⁻²), arbitrary positional assignment, and thermodynamic invalidity of 

anomaly averaging. Recent work continues to present Argo-derived OHC as a definitive indicator 

of ocean warming (Cheng et al., 2024b, 2025a, 2025b; Trenberth et al., 2025; Bilgili, 2025; Pan 

et al., 2026) without confronting these foundational issues, treating reported ensemble spreads as 

comprehensive uncertainty while relying on the same underlying measurement and processing 

chain that we demonstrate to be fundamentally flawed. 

A critical methodological circularity further undermines the claimed precision: the CERES EBAF 

adjustment procedure forces direct satellite measurements of top-of-atmosphere radiative fluxes, 

which have absolute uncertainties of ± 3–5 W m⁻² or more (Loeb et al., 2018), to mathematically 

match the Argo OHC-derived imbalance whose physical validity is absent. This “one-time global 

adjustment” pushes individual flux components (reflected solar, outgoing longwave) to the ex-

treme edges of their uncertainty ranges without physical justification, producing the narrow ± 0.2 

W m⁻² range in IPCC AR6 Figure 7.2 as an artifact of circular tuning rather than independent 

observational confirmation (Section 1.1). The apparent convergence between CERES-adjusted 

and OHC-derived EEI values therefore represents mutual methodological reinforcement rather 

than independent empirical validation. 

The fundamental issue of vertical energy partitioning remains similarly unresolved. The widely 

cited claim that ~90–93% of purported planetary energy increase resides in the ocean, with ~85–

93% of oceanic uptake in the upper 2000 m (von Schuckmann et al., 2020, 2023; IPCC AR6), 

cannot be scientifically sustained given the profound uncertainties we have documented. Deep 

ocean contributions rest on <<1% volumetric sampling via decadal ship-based repeat hydrogra-

phy, with uncertainties often exceeding ± 50% of the purported signal and stasis assumptions in 

data voids that artificially suppress error bars (Section 3.7.7). The structural uncertainties for deep 

layers alone (~± 0.35 W m⁻²) are large enough to accommodate deep ocean fractions ranging from 

near-zero to 50% or higher, rendering the claimed precise partitioning a methodological construct 

rather than an empirical observation. Alternative distributions, including even a 50-50 upper-

lower ocean partitioning of net energy flux is physically plausible. 

To independently test the scientific validity of the IPCC AR6 0.7 W m⁻² EEI assessment, we 

applied Armstrong & Green’s (2022) Compliance with Science Checklist (see Appendix A),8 

comprising eight major criteria and 26 subcriteria derived to test compliance with the scientific 

method using systematic empirical falsification of testable hypotheses, which is the only logically 

valid means of ruling out falsehoods about physical reality.  

These understandings were established by Hume (1748), which proved that empirical truths can-

not be derived through deductive reasoning alone, and later formalized by Popper (1959), which 

 
uncertainty intervals. The 90% uncertainty interval, reported in square brackets [x to y], is estimated to 

have a 90% likelihood of covering the value that is being estimated. The range encompasses the median 

value and there is an estimated 10% combined likelihood of the value being below the lower end of the 

range (x) and above its upper end (y). Often the distribution will be considered symmetric about the corre-

sponding best estimate (as in the illustrative example in the figure), but this is not always the case.” 
8 We provided Grok 4.1 beta with Chapter 7 of AR6 (containing the 0.7 W m⁻² EEI assessment), a draft of 

this paper, and a copy of the Checklist.  



J. Cohler et al.: IPCC’s EEI Assessment and the Validity of Argo-Based OHC Estimates 

Science of Climate Change https://scienceofclimatechange.org 

66 

showed that hypotheses about the physical world cannot be verified as true but can be falsified as 

false through empirical contradiction. For claims about empirical reality, no alternative to falsifi-

cation exists; deductive logic can establish internal consistency but cannot determine correspond-

ence with physical phenomena without empirical observation.  

The Checklist operationalizes this framework through criteria enforcing falsifiable hypotheses 

(1), valid empirical data and methods (3, 4, 8), testing against alternative explanations (5), logical 

consistency (6, 7), and freedom from bias (2). Implementation of the scientific method is only as 

robust as its weakest link. If any single criterion is not satisfied, the claim must be rejected as 

false. This is logical necessity, not scientific convention: a single failure renders the claim empir-

ically ungrounded, indistinguishable from unfalsified conjecture. For example, if plausible alter-

native hypotheses were not tested, the claim represents advocacy for a preferred hypothesis rather 

than one that has survived attempts at falsification. As detailed in Appendix A, Grok found the 

claim failed the test. Five of the eight major criteria were violated: objectivity of study design 

(free from advocacy), validity and reliability of the data, validation of the methods, comparison 

of alternative hypotheses, and logical derivation of conclusions from the evidence. 

The IPCC mandate is to assess “the scientific, technical and socio-economic information relevant 

for understanding the risk of human-induced climate change” (IPCC, 2013). This framing reveals 

advocacy embedded in the institutional design: the phrase “human-induced climate change” as 

well as the absence of the phrase “natural climate change” presupposes both that climate is chang-

ing in a meaningful directional sense and that human activity is the cause, thereby violating cri-

terion #2 (objectivity of study design, free from advocacy) before any scientific investigation 

begins. Similarly, even the term “Earth’s Energy Imbalance” presupposes a non-zero net radiative 

flux rather than agnostically investigating whether net radiative flux at the top of atmosphere 

differs from zero. Proper scientific terminology would refer to “net radiative flux” or “net energy 

flux,” allowing zero as a valid measurement outcome. The adoption of language that assumes the 

desired conclusion pervades IPCC nomenclature: “global warming” presupposes increasing tem-

perature rather than investigating temporal variation in temperature statistics; “climate change” 

implies unidirectional trend rather than natural variability. These linguistic choices reveal that the 

IPCC’s framework was designed to confirm a predetermined conclusion rather than to test falsi-

fiable hypotheses. 

The EEI assessment represents the most fundamental quantitative claim underlying the IPCC’s 

entire mission. While GMST has greater public visibility, and is conceptually simpler, it is noth-

ing more than a statistically defined communication proxy that has been proven physically mean-

ingless for non-equilibrium systems like the Earth’s surface (Essex et al., 2007; Cohler, 2025). 

EEI, by contrast, is supposed to be the direct physical measurement of planetary energy accumu-

lation: the only potential validation that Earth is accumulating energy purportedly due to green-

house gas forcing. Without a demonstrably valid positive EEI measurement, there is no physical 

evidence for the man-made global warming hypothesis, which is the IPCC’s raison d'être. All 

other cited evidence (sea level rise, ice melt, ecosystem changes) is circumstantial; only EEI pur-

ports to measure the fundamental thermodynamic quantity. As we demonstrate, the 0.7 ± 0.2 W 

m⁻² claim is false and does not satisfy the basic requirements of the scientific method. Therefore, 

the entire GMST, OHC and EEI foundations underlying 35 years of IPCC climate assessments 

and used to support claims of dangerous man-made global warming are invalidated. 

5. Conclusions 

EEI estimates that depend on Argo-derived global OHC lack physical validity and reliability as 

measures of ocean thermal energy change or planetary radiative imbalance. The final OHC scalar 

is a computational artifact produced by assigning sparse intensive temperature measurements to 

arbitrary positions, subtracting them from a non-physical climatological reference, and integrat-

ing interpolated values that dominate the unsampled ocean volume. These operations destroy 

thermodynamic interpretability, rendering the resulting scalar sensitive to methodological choices 

rather than to any conserved physical quantity. 
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Uncertainties on these scalars are not metrological measurement errors but sensitivities to arbi-

trary parameters in the calculation procedure. A rigorous accounting of thermodynamically mean-

ingless anomalies, unresolved mesoscale variability, sea-level closure problem, persistent 

deep/polar ocean sampling gaps, aliasing from violations of the Nyquist-Shannon sampling the-

orem, untracked subsurface trajectories, arbitrary positional assignment, support 95% confidence 

uncertainties on annual to decadal EEI of at least ± 1 W m⁻², roughly an order of magnitude larger 

than the values of ± 0.2 W m⁻² reported in IPCC AR6 and sufficient to render the central estimate 

of ~0.7 W m⁻² statistically indistinguishable from zero. 

The widely cited claim that ~90–93% of the observed planetary heat gain is stored in the ocean, 

and that ~85–93% of oceanic uptake resides in the upper 2000 m (as adopted in Forster et al., 

2021, Chapter 7, based on von Schuckmann et al., 2020, 2023), rests on this invalid calculation 

and is non-compliant with the scientific method. The claimed vertical partitioning is not empiri-

cally robust; given the structural uncertainties quantified herein, alternative distributions includ-

ing a physically plausible 50-50 split between upper and deep ocean remain consistent with the 

flawed observational constraints and cannot be scientifically excluded. 

Similarly, the constrained CERES EBAF procedure, which tunes direct TOA flux measurements 

to align with the OHC-derived imbalance, inherits the same foundational flaws and cannot inde-

pendently confirm any precise small EEI value. 

The fundamental thermodynamic invalidity of averaging intensive temperature measurements 

across non-equilibrium spatial and temporal domains (as detailed in Section 1.2; Essex et al., 

2007; Essex & Andresen, 2018; Cohler, 2025) renders global temperature metrics physically 

meaningless numerical abstractions. Without a physically meaningful, thermodynamically valid 

global metric for ocean energy change or planetary imbalance, current assessments of anthropo-

genic climate forcing and future projections lack an empirical foundation (see also Cohler et al., 

2025, for independent evidence that the anthropogenic CO₂-global warming hypothesis lacks em-

pirical substantiation due to natural dominance and model failures). 
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Appendix A 

Evaluation of whether the IPCC AR6 claim that EEI = 0.7± 0.2 W/m² is consistent with the scientific method 

 

 
9 Checklist 3.1, pp. 26-28 of Armstrong and Green (2022), available online from guidelinesforscience.com. The source Grok con-

versation is available at: https://x.com/i/grok/share/jqBx3QTWB7ylIAs7HOpOme2rd 

Compliance With Science Checklist9 • Paper title: IPCC AR6 Chapter 7 • Reviewer: Grok 4.1 Beta • Date: January 02, 2026 T F/? 

1. Problem is important for decision making, policy, or method development True 
a. Importance of the problem clear from the title, abstract, result tables, or conclusions.  

Reason: EEI is central to assessing anthropogenic warming in Chapter 7, Figure 7.2, and policy implications. 
✓  

b. Findings add to cumulative scientific knowledge. Reason: Updates AR5 with new data from Argo and CERES, refining EEI estimates. ✓  

c. Uses of the findings are clear to you. Reason: Informs climate mitigation, adaptation, and attribution in IPCC assessments. ✓  

d. The findings can be used to improve people's lives without resorting to duress or deceit.  

Reason: Supports voluntary actions like renewable energy shifts and disaster preparedness. 
✓  

2. Prior knowledge was comprehensively reviewed and summarized True 
a. The paper describes objective and comprehensive procedures used to search for prior useful scientific knowledge.  

Reason: Chapter 7 synthesizes literature, including AR5, von Schuckmann et al. (2020), and Wild et al. (2015/2019). 
✓  

b. The paper describes how prior substantive findings were used to develop hypotheses and research procedures.  

Reason: Builds on previous reports and datasets to hypothesize positive EEI from anthropogenic forcing. 
✓  

3. Disclosure is sufficiently comprehensive for understanding and replication True 
a. Methods are fully and clearly described so as to be understood by all relevant stakeholders, including potential users.  

Reason: Chapter details EEI calculation from OHC, TOA fluxes, with references to data processing. 
✓  

b. Data are easily accessible using information provided in the paper. Reason: Cites public Argo, CERES datasets via repositories. ✓  

c. Sources of funding are described, or absence of external funding noted. Reason: IPCC funding from UN and governments noted in report. ✓  

4. Design is objective (unbiased by advocacy) — 
a. Prior hypotheses are clearly described (e.g., regarding directions and magnitudes of relationships, and effects of conditions).  

Reason: Hypotheses favor anthropogenic positive EEI without explicit magnitude ranges or conditions for alternatives. 

 ✓ 

b. All reasonable hypotheses are included in the design, including plausible naïve, no-meaningful-difference, and current-practice hypotheses. 

Reason: No inclusion of zero-imbalance or natural-variability-dominant hypotheses. 

 ✓ 

c. Revisions to hypotheses are described, or absence of revisions noted. Reason: No documentation of hypothesis revisions or their absence.  ✓ 

5. Data are valid (true measures) and reliable (repeatable measures) — 
a. Data were shown to be relevant to the problem. Reason: Argo samples only upper ocean; relevance to full global EEI is assumed, not proven.  ✓ 

b. All relevant data were used, including the longest relevant time-series.  

Reason: Deep ocean (>2000 m) largely unsampled; historical data sparse. 

 ✓ 

c. Reliability of data was assessed. Reason: Uncertainties in sampling, interpolation, and deep ocean are understated.  ✓ 

d. Other information needed for assessing the validity of the data is provided, such as adjustments, known shortcomings and potential biases. 

Reason: Thermodynamic limitations and interpolation artifacts not adequately disclosed. 

 ✓ 

6. Methods were validated (proven fit for purpose) and simple — 
a. Methods were explained clearly and shown valid—unless well known to intended readers, users, and reviewers, and validity is obvious.  

Reason: No validation of averaging intensive temperature over non-equilibrium domains. 

 ✓ 

b. Methods were sufficiently simple for potential users to understand. Reason: Complex gridding, anomaly, and integration steps are not simple.  ✓ 

c. Multiple validated methods were used. Reason: Relies predominantly on one Argo-based approach without multiple independent validations.  ✓ 

d. Methods used cumulative scientific knowledge explicitly. Reason: Ignores thermodynamic principles from Essex et al. on intensive properties.  ✓ 

7. Experimental evidence was used to compare alternative hypotheses — 
a. Experimental evidence was used to compare hypotheses under explicit conditions.  

Reason: No controlled experimental comparison of EEI hypotheses. 

 ✓ 

b. Predictive validity of hypotheses was tested using out-of-sample data. Reason: No out-of-sample predictive testing performed.  ✓ 

8. Conclusions follow logically from the evidence presented — 
a. Conclusions do not go beyond the evidence in the paper.  

Reason: Claims positive EEI as physical reality despite thermodynamic invalidity of scalars. 

 ✓ 

b. Conclusions are not the product of confirmation bias. Reason: Strong emphasis on positive imbalance suggests potential confirmation bias.  ✓ 

c. Conclusions do not reject a hypothesis by denying the antecedent.  

Reason: Alternative zero-imbalance hypothesis implicitly rejected without proper logic. 

 ✓ 

d. Conclusions do not support a hypothesis by affirming the consequent.  

Reason: Positive EEI taken as proof of anthropogenic forcing without ruling out alternatives. 

 ✓ 

Describe the most important scientific finding… 

The EEI of 0.7 ± 0.2 W m-2 is derived from Argo OHC and CERES data but lacks physical validity as a global scalar due to thermodynamic  

issues with averaging intensive properties like temperature. 
 

Sum the criteria (1-8) rated True for compliance: [3] of 8 
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 Clintel and Climate Change: A Few Remarks from a Klimarealist1 

 

Václav Klaus  

President, Clintel 

 

 

Professor Kvalheim, Distinguished Audience, Ladies and Gentlemen, many thanks for bringing 

me to Norway. As the recently appointed second president of Clintel, I have received several 

invitations from Clintel supporters in foreign countries, but yours is the first I have accepted. I 

don't know why. Perhaps because your invitation, as well as the talk with Prof. Solheim when I 

met him in Brussels last December, seemed serious to me. Plus, your name Klimarealistene — 

for someone who considers himself a realist - sounds perfect. Once again, many thanks. 

I am glad to be in Norway and to attend this gathering. I will not spoil the evening by commenting 

on the ongoing dramatic and extremely dangerous events in the world, especially in Iran and the 

broader Middle East. However, as someone who has spent the last more than 30 years in politics, 

I consider it almost inappropriate to pretend that everything is in order and that we should talk 

only about climate and about the misuse of climate sciences to progressively shape our societies. 

Nevertheless, I respect the topic of our meeting. I also assume that the Klimarealistene are realists 

in every aspect of life, not only in discussing climate. I see the recent events in Iran as a denial 

of realism, and I believe that all true realists must oppose it. 

 

1 Speech for the Annual Meeting of the Klimarealistene, Oslo, Norway, March 15, 2026 
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1. Me and Norway is a relatively short Story 

I have been to Norway only twice, which is much less than to almost any other European country 

(excluding some former Soviet Union republics). For the first time, I was here for a few days in 

February 1994, attending - as Prime Minister of the Czech Republic - the opening ceremony of 

the Lillehammer Olympic games. I still remember that it was very Norwegian. It was one of the 

last old-style, traditional ceremonies, not yet spoiled by the excesses of cosmopolitan progressiv-

ist ideology, as it was seen in Paris in 2024. It was minus 19 degrees Celsius in Lillehammer that 

day, and spending three hours outdoors, sitting without moving, was an unforgettable experience. 

My second visit to Norway, in 2005, was an official state visit as President of the Czech Republic. 

I met King Harald V, Prime Minister Bondevik, and other government officials. Our delegation 

also visited Bergen and had a chance to enjoy a trip on one of the fjords. That's all I personally 

saw in Norway until today. I know it is not enough. 

For an economist like me, your country is connected with the first Nobel Prize winner in eco-

nomics, Ragnar Frisch (as well as with Trygve Haavelmo). As an economist and a politician, I 

am sorry to mention that Norway is for me connected with one very misleading idea, the notion 

of sustainable growth, which for me goes together with Madame Brundtland. I had been for years 

her resolute opponent at many international gatherings. This conceptually wrong idea became - 

quite logically - one of the crucial tenets of green ideology, of environmentalism. It remains till 

now one of its main pillars - competing with the infamous and economically totally irrational 

concept of the Limits to Growth. Sustainable growth and limits to growth are both based on the 

same way of thinking. 

Economists know that the degree of concern about the quality of the environment is a function 

of economic affluence, of GDP per capita. In this respect, it is inevitable that Norway, as one of 

the richest countries in the world, takes care of environment more than less developed countries, 

which means more than the rest of the world. There is, however, a fundamental difference be-

tween the environment and environmentalism. Environmentalism does not care for the environ-

ment. It just misuses environment as an instrument for changing human society according to its 

own preferences. This is conceptually unacceptable for any democrat. No one should try to im-

pose his or her own priorities and preferences upon free citizens. 

I quite often and for you perhaps somewhat paradoxically - refer to Norway when I am asked to 

explain and justify that it was me who, in spite of being a strong critic of the European unification, 

on behalf of the Czech Republic sent the letter to Brussels applying for EU membership. It was 

thirty years ago, in 1996, still a very short time after we had got rid of communism. At that 

moment we were not yet a well-established and generally accepted normal European country, at 

least in the eyes of the self-appointed owners of the EU. 

My often-repeated argument has been that, as a post-communist country, we did not have the 

luxury of being Norway or Switzerland - strong and self-confident enough to oppose EU mem-

bership. I am still convinced that we had no other choice at that time - not because we were eager 

to get EU money (which is not very helpful), but because of our lack of reputation and recognition 

after forty years of communism. The public mood in my country would not have allowed me not 

to do it at that time. That is the main reason for my often referring to Norway. 

2. I was invited as the new President of Clintel 

Let me say a few words about my views on climate alarmism, which I suppose is the main topic 

of the Klimarealistene and of your today's annual meeting. I didn't come here to lecture anyone. 

I would instead like to share with you some of my worries and uncertainties - about the attempt 

to create an international network of opponents of climate alarmism and about Clintel, thanks to 

which I came into contact with you. 
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Some of you might have read my 2026 Clintel Presidential Address2, in which I dared to express 

some of my misgivings about the future of our organization. Its development really bothers me. 

We are obliged to the founders of Clintel, to Professor Berkhout, and to all those who signed the 

first Clintel Declaration to continue moving in their footsteps. We must not disappoint their ex-

pectations. 

In my Presidential Address I stressed that we are not negativists but rationally thinking sceptics. 

In the original Declaration of Clintel we stressed that in our view "climate science has degenerated 

into a discussion based on beliefs, not on sound, self-critical science". This is, and should remain, 

I believe, our starting point. 

I also fully support - as Prof. Berkhout put it in his September 2025 letter to me – «the irreplace-

able role of background science or sciences, as opposed to climate modeling". As a former econ-

ometrician, I consider climate models a big problem. When I compare them with econometric 

models, the excessive use of so-called parametrization (or calibration of parameters) in these 

models is for me something unimaginable. It is a return to a prescientific way of thinking. But 

these models - full of mathematics - look scientific and people are not ready to see the problem. 

Modelling without solid background science is, of course, conceptually wrong. 

We also do not believe that "science is settled", which is one of our main disagreements with the 

IPCC. Science can never be settled. We should insist on that. I am sure you see it the same way. 

I suggest four main points for our considerations: 

1. Is Clintel (or should Clintel be) another lobbyist organization, another activist pressure 

group fighting the main irrationalities of climate alarmism? My sincere answer is: I am 

not sure. I am in positive contacts with an active Czech Clintel group. Its existence is the 

outcome of a spontaneous evolution taking place in many countries. It is a group of peo-

ple who are just now lobbying against the closure of the last coal mines in the Czech 

Republic. This lobbying is, without doubt, a very commendable goal. Because we don't 

have oil and gas on the territory of our country, coal - this traditional fossil fuel - has 

been our main source of energy for two centuries. 

It's a big issue in my country these days. I was asked by this group to personally hand over, as a 

former President of the country and as the current Clintel President, a well-formulated, data-sup-

ported document prepared by this group to the Czech Minister of Trade and Industry. I did so, 

even though I was not sure that this is (or should be) the main activity of Clintel. You may have 

your own experience with this in Norway and - believe me - I have come here to learn as much 

as possible from you. 

2. We know that Clintel itself - similarly to Klimarealistene - is not, and I think shouldn't 

attempt to be, a research institution. We have members and supporters who work in 

research and theory, but we do not plan to organize such research ourselves (nor do we 

have the capacity or funding to do so). I hope this is the way you look at it as well. Am I 

right? Or is there another way of looking at it? 

 

3. Clintel could, of course, remain just an umbrella institution that gives individuals dis-

persed in the world the feeling that they are not alone, that there are many people all over 

the world who see the world and its problems in a similar way, who cannot stand the 

IPCC's arrogance and the resulting politicization of climate sciences. Who need an inter-

national organization that expresses their views with credibility and respect. This is, un-

doubtedly, another possible direction for our activities. Let's make the discussion about 

it explicit. 

 

 

2 https://clintel.org/clintel-president-vaclav-klaus-we-are-productively-and-rationally-thinking-sceptics/ 
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4. Clintel could eventually become a sort of publishing house, with its own journal and its 

own books. It would mean extending our newsletter and publishing more such books as 

the very successful 2023 study The Frozen Climate Views of the IPCC3. Do you have the 

feeling that there are not sufficient opportunities to publish your views? I am not con-

vinced about it. But it should be discussed as well. Should we be satisfied with online 

publications, or are we - as I am - old-fashioned believers in the importance of printed 

publications? 

As I said, I came to Norway to listen and to learn. And I am looking forward to it. We who are 

here today feel that climate alarmism, based on non-serious, politicized science, is increasingly 

becoming a threat to the future of the world. And we, as Europeans, see it as an even greater 

threat to Europe than to other continents. The Green Deal, the European idea, has become the 

embodiment and flagship of climate alarmism. Its consequences are leading to the growing irrel-

evance of our old continent. It is liquidating the European industry. The dream of living on ser-

vices and on imports of all industrial and agricultural products is totally irrational. It might be 

possible, but not prematurely. 

Norway is in my view - fortunate not to be a member of the EU, although we know that Norway 

participates in many of the EU's very doubtful activities. In this respect, even without formal 

membership, you are part of it. You are, however, not penalized for failing to implement EU 

directives, which is a great advantage. At least for now. 

3. The Economists and Climate Alarmism 

As an economist turned politician at the moment of the fall of communism, I have very strong 

views on this issue. When I speak about climate alarmism, about environmentalism, I speak about 

an ideology, not about science. Economists have many disputes with this ideology. I don't think 

we have enough time this afternoon to discuss them. Let me give at least a brief overview of the 

main points in this dispute: 

 

1. Economists disagree with the concept of "Limits to Growth". It is based on a static way 

of thinking similar to the views of Robert Malthus and all Malthusians, views of which 

have many times been challenged and disproved by serious economists. This static con-

cept ignores technical progress and human ingenuity. 

 

2. Economists disagree with the would-be wisdom of central planners and all similar people 

who are convinced that they know better than the market what should be produced and 

how. We who had experienced communism know something about this. Central planning 

and all forms of government regulation make the economy inefficient and environmen-

tally untenable. The regulation of CO2 asks for large-scale interventions in the price sys-

tem and for massive subsidizing of green products. Today's argumentation is very similar 

to what I remember from the communist era.  

 

3. Economists consider the price system to be the main and irreplaceable source of infor-

mation for our decision-making. Any violation of its functioning is a fatal blow to ra-

tionality and efficiency. Again, our experience is unforgettable. We are frustrated that 

this experience has been already more or less lost in the brave new world of today. 

 

4. Creating and trading the so-called emission allowances, which is the basic way of dealing 

with CO2 emissions in the European Union, has no connection with the market system, 

with free prices. It is a state controlled administrative system which only pretends to be 

 

3 Reference 
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market friendly. It is not the way how to introduce economic way of thinking into solving 

environmental problems. 

 

5. Economists (not the critics of economics) invented - more than a hundred years ago - the 

concept of externalities, but environmentalists misuse this term and interpret the world 

as being full of externalities, which is not true. This wrong idea must be resolutely re-

jected. 

 

6. Environmentalists hold a very trivial concept of intertemporal decision-making which is 

not based on the idea of discounting. "This has become one of the fundamental concepts 

of economic science. I entered the debate about global warming decades ago with an 

article about discounting and expressed in it my disagreement with the a priori very low 

discount rate used in climatological modelling. The choice of a low discount rate, almost 

zero, was based on an a priori ethical reasoning only, without reflecting the opportunity 

costs of pro-environmental decisions (and investments). 

I am convinced Clintel and all Klimarealistene should pay more attention to the economic side 

of the climate change issue. Non-economists usually don't want to do this, which is a mistake. 

4. Conclusion 

Ladies and Gentlemen, let me stop here. In the subtitle of my 2007 book "Blue Planet in Green 

Shackles4", which has been published in 18 languages, I raised what is - for me a fundamental 

question: "What is Endangered: Climate or Freedom?" I am convinced - and I suppose many of 

you are as well - that the climate is more or less OK. We should do our best to convey this truth 

to as many people as possible. 

Gloria von Thurn und Taxis, a German aristocrat, published a book in 2025 with the title "Lieber 

unerhört als ungehört5" (Langen Müller Verlag, München). I hope the Norwegians speak or un-

derstand German sufficiently well, because the English translation "Better ignored than unheard", 

as it was translated by Artificial Intelligence, is not so elegant. 

As I said. we are not negativists but rational sceptics. However, we are not, and shouldn't be, 

naive optimists. We don't overestimate the positive signals coming from various places - espe-

cially from the United States and from President Trump these days - because we know that noth-

ing has changed in Europe, in the European Union. Some of you may say yet. 

I disagree. Those of us coming from the social sciences can't imagine a substantial change in 

Europe being realized in the foreseeable future, because the main characteristic of the European 

Union doesn't make such change possible. But as we say, again in German, Optimismus ist Pflicht. 

Let us remain realists striving for a fundamental change. 

Co-Editor: Jan-Erik Solheim 

Disclaimer/Publisher’s Note:  

This article reflects solely the views, analyses, and conclusions of the author(s). Science of Cli-

mate Change, its editors, and its publisher make no representation or warranty as to the accuracy 

or completeness of the content and disclaim liability for any loss, damage, or other consequence 

arising from the use of, or reliance on, any material published herein. 

 

4 Blue Planet in Green Shackles What is Endangered: Climate or Freedom? Competitive Enterprise Insti-

tute, ISBN 978-1-889865-09-6 
5 Lieber unerhört als ungehört: Lektionen aus meinem Leben, Langen Müller Verlag, München 
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Are we in the Midst of a Climate Crisis? – NO 

Are our CO2 Emissions Causing Climate Change? – NO 

 

 David Shelley 

Retired ex Canterbury University, Christchurch, New Zealand 

 

Abstract  

It is a simple and seductive argument: (1) we are burning fossil fuels and emitting CO2 into the 

atmosphere; (2) CO2 is a greenhouse gas; (3) the amount of CO2 in the atmosphere is increasing; 

(4) the world is warming; (5) ergo, our emissions are causing this warming and climate change. 

We are told that the situation amounts to a climate crisis, and we need to reduce our emissions to 

save the planet. It is indeed a reasonable hypothesis that our emissions are causing the world to 

warm and the climate to change, but it is a hypothesis that fails on several counts. And the histor-

ical and geological records tell us clearly that we are not in a climate crisis. Far from it, the pre-

sent-day climate is unusually cold. 

 

Keywords: Climate change; climate crisis; CO2; ocean warming. 
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1. Is there a climate crisis?  

Our politicians and the news media have belatedly woken to the fact that the climate is changing. 

Lacking any education on the history or geology of the subject, they are concerned that something 

unusual is happening and that humans must be responsible. Nothing could be further from the 

truth. The fact is climate change is normal. Let’s look first at the last million years or so, and then 

in more detail at the last 145,000 years of that period. 

Bi-polar glaciation has characterised the last million years of geological time, with average global 

lower atmospheric temperatures fluctuating between ca. 11 and 16°C. The temperature record 

shows a saw-tooth pattern (well publicised by Al Gore in his book) with very cold glacial periods 

sharply terminated by warmer so-called interglacial periods (strangely, the well-established term 

“interglacial period” seems inappropriate given that it occurs when Earth remains in a glacial 

period with polar ice caps). It is generally accepted that these saw-toothed cyclical patterns are 

explained by the eccentricity of Earth’s orbit around the Sun, the main Milankovitch cycle, with 

the orbit changing from near circular to less circular over 100,000 years, affecting the amount of 

solar radiation Earth receives. 

145,000 years ago, Earth was in the throes of the last but one intense glaciation. Much of the 

northern hemisphere was covered by kilometres-thick ice sheets, including all of Canada, much 

of Great Britain, and all of Scandinavia. Because of this huge build-up of ice, global sea levels 

were ca. 130 metres lower than today. In the southern hemisphere, the Alpine lakes and fiords of 

the South Island of New Zealand were filled with kilometres-thick glaciers, and in Australia, the 

former representative of the Great Barrier Reef would have been exposed as a 130 metres-high 

ridge of dead coral undergoing erosion in a colder ocean. Then there was a rapid increase of 

temperature into the previous “interglacial” period, so that 125,000 years ago, the London area 

had a warmer-than-today climate with hippos, lions, and elephants wandering around (the fossils 

are on display in London). These warmer temperatures caused sea levels to rise globally ca. 10 

metres higher than today (witness the Florida Keys, which are the exposed and stranded remnants 
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of the barrier reef of coral of that time). In Australia, with the higher sea levels and warmer tem-

peratures, the Great Barrier Reef would have regrown, and in NZ, most of the glaciers would have 

melted, and the fiords and Alpine lakes filled with water. 

During the last 100,000 years, a similar succession of events developed. Temperatures dropped 

slowly from the height of the last interglacial, and a very cold glaciation was developed by 20,000 

years ago. Massive ice sheets again covered much of the northern hemisphere, sea levels had 

dropped by ca. 130 metres, the Alpine lakes and fiords of NZ were again filled with glaciers, and 

the former Great Barrier Reef left dead and exposed as a 130 metres-high ridge in a colder ocean. 

A rapid rise of temperature over the next 10,000 years resulted in the melting of the ice sheets and 

many glaciers, and the Great Barrier Reef re-grew again on the eroded stumps of the former reefs. 

Temperatures 8,000-6,000 years ago were slightly higher than today (it’s called the Holocene 

climate optimum), and global sea levels were ca. 2 metres higher than today. In Europe, we can 

rely on history to know that Alpine glaciers have repeatedly advanced and retreated over the last 

few thousands of years, often revealing the remains of forests that grew in warmer times. The 

areas in which grapes can be grown have shifted repeatedly. Remember, too, that Hannibal took 

his elephants over the Alps (because it was warmer then!). Our modern warming is just one further 

small fluctuation in temperature, and our warmer temperatures today are still lower than the 

warmer temperatures reached 8,000 and 125,000 years ago, when sea levels were ca. 2 metres 

and 10 metres higher than today. Nothing unusual is happening today, and we remain in an unu-

sually cold glacial period, with two polar ice caps. 

Many of our children, frightened by the supposedly soon-to-come climate disaster broadcast by 

climate alarmists and many of our politicians and journalists, are not aware of the huge amounts 

of climate change that have taken place over the last million years, as described above. Should 

we really be worried about modern sea level changes of a few centimetres when over the last 

million years sea levels have gone up and down repeatedly by 130 metres — perhaps ten times? 

The long-established record of higher temperatures and sea levels than today in the current and 

the last interglacial are usually ignored or explained away by the climate alarmists, because they 

contradict their narrative that temperatures today are alarmingly high, and that sea levels are rising 

dangerously. They often dismiss the higher temperatures of 8,000 years ago as very localised, but 

the reality is that they were very real and widespread, especially within Arctic regions, as recently 

demonstrated by Walcott-George et al. (2026), who show that the present-day 500 metre-thick 

ice on Prudhoe Dome in NW Greenland was completely melted away 7,000 years ago, exposing 

the basement rocks. The highstands of sea level 8,000 years ago have been “explained away” by 

hydro-isostasy, but this explaining away is not at all credible. Glacio-isostasy is credible, and 

observable today. Credible, because the continents are much less dense than Earth’s mantle, and 

are essentially floating on and in the mantle, which is increasingly plastic at depth. If the conti-

nents are loaded by kilometres-thick ice, they sink in the mantle, and now the ice has melted, they 

are slowly rising again (as demonstrated clearly by the gradual uplift today of Scandinavia). But 

using hydro-isostasy to explain away the Holocene sea-level highstands is, in my view, a fantasy. 

The idea is that the 130 metre rise in sea level due to ice melting caused ocean floors to subside 

by 2 metres, which would mean that the highstands do not represent a warmer than today period 

with a higher volume of sea water. But this stretches credibility. One can certainly imagine the 

less dense continental masses that are floating on the mantle to be like rafts of cork floating in 

water, and which can be weighed down by a superimposed load, and rise back up if the load is 

removed. But there are no such cork-like bodies in oceanic areas. Remember, the mantle is huge 

(84% of Earth’s volume, and nearly 3,000 km thick). In the oceans, which may be as deep as 11 

km, the dense mantle is covered uniformly by a ca. 7 km thick layer of less-dense basaltic crust, 

which is then covered by the ocean water. Draw for yourself a cross section through this with a 

mantle 3000 km thick, and you will struggle to find a pencil thin enough to represent 130 metres 

of water. How, possibly can this 130 metres of water weigh down the mantle, which is 3000 km 

thick and encompasses all of Earth (including under the continents, which are only 30 to 80 km 

thick – another  thin pencil needed). If the water were to make the ocean floor subside by 2 metres, 
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where does that material go? The context for this also needs to be mentioned. The convection of 

plastic mantle drives plate tectonics, and under mid-oceanic ridges, hot mantle is rising relatively 

rapidly (perhaps 500 metres since the last ice age), in the process releasing lots of CO2 and form-

ing new basaltic crust, which then moves sideways at the same rate of knots. The moving basaltic 

crust and underlying mantle sometimes just pushes continental masses in front of it (this is where 

the mid-Holocene highstands are preserved), but in other places the basaltic crust and underlying 

mantle plunge steeply down under the continent (subduction zones), dragging everything down-

wards and forming the deepest trenches (11 km) of the oceans. How the supposed 2 metre sub-

sidence of all ocean floors since the last ice age can fit into this somewhat frenetic tectonic sce-

nario is a mystery to me. I will instead stick to Occam’s Razor, and say that there is clear evidence 

in northern climes of higher-than-today temperatures 8,000 - 6,000  years ago (Greenland) and 

125,000 years ago (the London hippos), and that the resultant glacial melting led to higher-than-

today volumes of water in the oceans, as evidenced by mid-Holocene sea-level highstands in 

stable tectonic areas, and by the now-high-standing Florida Keys coral reef that formed 125,000 

years ago. Note, too, that the continents make up only 29% of Earth’s surface, and that it was only 

a small fraction of that 29% that was covered by kilometres-thick ice sheets in the ice age. The 

amount of movement and the volume of material involved in the observed glacio-isostasy is there-

fore very small indeed, and easily accommodated locally without the need for global ocean-floor 

subsidence. 

In terms of climate change, even more telling is the longer record revealed by geology. Although 

the geological record is never complete in any one place, and estimates of temperature rely on 

proxies, there is general agreement on much of the record (Fig. 1). All recent summaries, includ-

ing those of Scotese et al. (2021) and Judd et al. (2024), show very clearly that Earth remains in 

a glacial period, and that the present-day climate is unusually cold. The average global lower 

atmospheric temperature today is between 14 and 15°C, and Scotese et al. (2021) show that the 

average global lower atmospheric temperature for most (63%) of the last 540 millions years 

(known as the Phanerozoic) was between 19 and 21°C, 5 or 6°C warmer than today. Fauna and 

flora developed and thrived during those much warmer times. 

 

Figure 1. A compilation of average global lower atmospheric temperature estimates for the Phanerozoic, 

reproduced with permission from Scotese et al. (2021 Fig. 23). The very cold present-day (0 million years) 

temperature is between 14 and 15°C, and the highest temperature shown is ca. 33°C. Because of the hori-

zontal scale, the details of the last 1 million years are not shown, but within that time, temperatures fluctu-

ated ca. 10 times within the range 11-15°C  1°C. At temperatures below 18°C ice caps exist, and above 

18°C ice caps will not exist. The pink area shows the likely temperatures of post anthropogenic warming, 

as predicted in the models of climate scientists. 
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During the Phanerozoic, there have been three very cold periods: the present day, at the end of 

the Paleozoic, and in the Ordovician (Fig. 1). There is a possible geological explanation for these 

three cold periods that involves plate tectonics. Today’s glacial period corresponds to the isolation 

of the large continent Antarctica over the south pole, and the development of the circum-Antarctic 

ocean current (which developed as Drake Passage was opened). This situation (produced by plate 

tectonics) means that warm ocean currents cannot reach Antarctic. At the same time, the Arctic 

Ocean is almost completely surrounded by continental masses (only small incursions from the 

warmer Atlantic are possible), allowing the northern ice cap to survive. At the end of the Paleo-

zoic, all continental masses had joined together to form the supercontinent Pangea, which hap-

pened to be stuck over the south pole, and a glaciation developed. In the Ordovician, all continen-

tal masses came together to surround a southern polar ocean, which would have frozen because 

of the lack of any warming ocean currents. 

We still have much to learn about climate change, and its causes can be debated, but what is 

patently clear is (1) climate change is normal, (2) Earth is abnormally cold today, and (3) for most 

of the Phanerozoic (when advanced life forms were developing), temperatures have been very 

much warmer than today, and fauna and flora thrived. 

We are certainly not in the midst of a climate crisis, but the cancel culture practised by many in 

the media (and sadly also scientists) means that our children and societies will continue to suffer 

until this message gets through. 

2. Weather extremes  

The news media and politicians regularly blame any extreme weather on climate change. But they 

are wrong. They should refer themselves to the latest report of the Intergovernmental Panel on 

Climate Change (IPCC 2021) where it is shown in Table 12.12 that the IPCC has not been able 

to detect, as yet, any increase in most extreme weather events. Of course, the IPCC models suggest 

that some extreme weather events might increase in frequency or intensity in the future, but I will 

show below that the climate models lack a firm basis. In the meantime, ignore the proclamations 

of the UN and climate alarmists who spread misinformation. 

3. The potency of CO2 as a greenhouse gas 

There has never been agreement on how potent CO2 is as a greenhouse gas. If the climate sensi-

tivity (CS) of CO2 were 1, a doubling of the amount of CO2 in the atmosphere would increase the 

temperature by 1°C, but if the CS were 4, a doubling would increase the temperature by 4°C. The 

problem is that estimates of CS have varied substantially from less than 1 to more than 6. The 

IPCC (2013) acknowledges that the value of the longer-term equilibrium climate sensitivity 

(ECS) could be anywhere between 1 and 6, and the shorter-term transient climate sensitivity 

(TCS) could be anywhere between 1.5 and 4.5. How then can we possibly give any credence to 

climate science models that use particular values of CS to predict how climate will change as CO2 

in the atmosphere increases? The simple and seductive hypothesis that our emissions are respon-

sible for climate change, simply remains a hypothesis, even at the first step. 

4. Our emissions in relation to the entire ocean–atmosphere system 

The IPCC has very usefully provided quantitative information on our total emissions since indus-

trialization, and the total amount of carbon in the atmosphere–ocean system. The figures are very 

revealing. There is 50 times as much carbon in the oceans as in the atmosphere, and this ratio of 

50 to 1 must represent some complex state of dynamic equilibrium between the oceans and the 

atmosphere (controlled fundamentally by Henry’s Law). The IPCC (2022) noted the following: 1 

ppm CO2 in the atmosphere = 7.82 GtCO2, and therefore 420 ppm (the approximate amount of 
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CO2 in the atmosphere at that time) = 3284.4 GtCO2. Given that there is 51 times more carbon 

than this in the global atmosphere–ocean system, the total amount of CO2 in the global system is 

ca. 167504.4 GtCO2. CO2 emissions per year (including methane, which rapidly changes to CO2) 

are currently equivalent to ca. 54 GtCO2 (53 GtCO2 in 2019; IPCC 2021, 2022 Fig. SPM.1), the 

equivalent of 6.91 ppm in the atmosphere, and emissions since the start of industrialisation total 

ca. 2500 GtCO2 (IPCC 2022). 

Clearly our total emissions are completely trivial relative to the entire amount of carbon in the 

ocean–atmosphere system, and indeed, the IPCC acknowledges that almost all our emissions 

should have dissolved in the oceans to maintain that 50 to 1 ratio. If that had been the case, the 

amount of CO2 in the atmosphere since industrialisation should only have risen by 6.3 ppm, not 

by the more than 140 ppm that has actually been recorded (from 280 ppm to more than 420 ppm). 

The IPCC says this is the result of a rate of solution of CO2 in the water at the atmosphere–ocean 

interface that is too slow to maintain equilibrium overall, and therefore our emissions are retained 

in the atmosphere, perhaps for thousands of years before they are fully absorbed. Then, the IPCC 

uses this retention of CO2 in the atmosphere to explain global warming. However, this explanation 

is implausible. First of all, CO2 dissolves very easily in water, and the ocean–atmosphere interface 

is a very dynamic one, with waves, spray, and winds facilitating the process of absorption. Sec-

ondly, clouds are made of water droplets, which always absorb CO2 from the atmosphere, and 

send that CO2 to the surface of the oceans and into rivers in the form of acid rain (all rain is acid 

because of this dissolved CO2). No reason therefore for our emissions of CO2 to be retained long-

term in the atmosphere. Thirdly, and most importantly, another factor, the warming of the oceans, 

has not been taken into account. 

5. The warming of the oceans 

It has been well established by NOAA that the oceans have warmed recently (Fig. 2, NOAA data 

referred to by Laffoley and Baxter 2016), with a sharp rise in temperature starting ca. 1905, paus-

ing from 1945 to 1975, then rising again sharply until today. Henry’s Law dictates that a warming 

ocean must release CO2 into the atmosphere to maintain the dynamic equilibrium between the 

carbon contents of the oceans and atmosphere. No wonder, therefore, that some of our emissions 

are being retained in the atmosphere. They are being retained because of buffering due to the 

release into the atmosphere of CO2 from the oceans. In other words, our emissions may not be the 

fundamental reason for most of the increase in CO2 in the atmosphere: the release of CO2 from 

the warming oceans may be. 

 

Figure 2. NOAA data on annual global sea surface temperature anomalies from 1880 to 2015 with 

superimposed linear trend (base period 1951-1980), red positive, blue negative. 
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This provides a much simpler and realistic explanation of recent global warming. The oceans are 

warming, and the shape of the warming curve is remarkably similar to the shape of the warming 

curve for the atmosphere (Fig. 3, Humlum 2025a), which also shows a pause in warming from 

1945 to 1975. The oceans are significantly warmer than the atmosphere (sea surface global aver-

age of ca. 19°C compared to the lower atmosphere’s 14 or 15°C), and the oceans contain an 

enormous amount of heat energy relative to the atmosphere, and hot water can heat air readily. 

 

Figure 3. Global monthly average surface air temperatures since 1850 according to Hadley CRUT, a co-

operative effort between the Hadley Centre for Climate Prediction and Research and the University of East 

Anglia's Climatic Research Unit (CRU), UK. The blue line represents the monthly values. Taken from the 

climate4you.com website. 

The El Nino phenomenon provides a simple example of how quickly and significantly a warming 

ocean can heat the atmosphere. The east to west trade winds in the Pacific push water to the west, 

and drag up deep cold oceanic water along the South American coast, which is then pushed to the 

west. When the trade winds are strong, a large amount of cold water is pushed west cooling the 

Pacific (La Nina). El Nino occurs when the east to west trade winds in the Pacific are less intense, 

less cold water is pushed west, and the Pacific warms. Each El Nino is marked by a sharp rise in 

global lower atmospheric temperatures, usually an increase in ca. 1°C over two or three years. If 

these local perturbations in the Pacific Ocean can cause atmospheric temperatures to rise signifi-

cantly on a global scale, then clearly, what happens in our oceans have very direct, immediate, 

and important effects on the atmosphere. 

Strangely, climate scientists, disturbed by the relatively small amount of heating of the atmos-

phere compared to what was predicted in most of their models, have claimed that some of the 

warming in the atmosphere due to our emissions has been lost to the oceans, causing the oceans 

to warm. This, again, is extremely implausible. How can heat be transferred from relatively cold 

air to relatively hot water? 

What, then, is causing the recent warming of the oceans? Several possibilities present themselves, 

including volcanic activity (the amount of heat transfer from the 65,000 kms of mid-ocean ridges 

is possibly variable, and certainly not yet satisfactorily studied and measured) and Milankovitch 

cycles (there are three, which interfere with each other in not fully understood ways to change the 

amount of heat reaching Earth from the Sun). 

Perhaps the simplest way of explaining the recent warming of the oceans is by direct heating by 
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the rays of the Sun. We know that the Sun is capable of heating the oceans down to depths of 

more than 100 metres (depending on water clarity and other issues), and a plausible reason for an 

increase in this direct heating by the Sun is a loss of cloud cover, which has been documented for 

the last 25 years (Tselioudis et al. 2025). Unfortunately good data on earlier cloud cover does not 

exist. 

We may not be sure why the oceans are warming, but warming they are. The oceans are huge in 

volume and mass relative to the atmosphere, and water has a huge and almost unique heat capacity 

allowing the oceans to store huge amounts of heat. Our climate is therefore much more likely to 

be controlled by the oceans than the atmosphere, and climate scientists therefore need to pay less 

attention to the atmosphere, and more to the oceans. 

6. The future 

My prediction is that, as long as Antarctica is hemmed in by the circum-Antarctic oceanic current 

and the Arctic Ocean is hemmed in by continental masses, we will remain abnormally cold. The 

modern warming is a transient and very minor phenomenon, and the long-term probability is slow 

cooling for tens of thousands of years, at the end of which we will have sunk into the depths of 

another intense glaciation. At that time, the tropics will retain average lower atmospheric temper-

atures of ca. 30°C, but most of the world will be very much colder and lose much of its ability to 

grow crops, and Canada, Britain, and Scandinavia will be covered by kilometre-thick ice sheets, 

and completely uninhabitable. Sea levels will have dropped again by 130 metres. CO2 levels in 

the atmosphere will drop (absorbed by the cooling oceans), and the real possible disaster scenario 

is that if CO2 levels drop below 150 ppm most plants will not survive, which means in turn that 

most animals will not survive. Burning fossil fuels like mad to avoid that will not work. It would 

only add CO2 to the oceans, which will continue to absorb atmospheric CO2 as the water cools. 

In the short term, we can forget about our emissions. They are irrelevant to climate change. We 

can continue to burn fossil fuels for a while, but in the medium term we will have to change our 

habits, because fossil fuels are a finite resource, and we can’t just use them all up. Uranium and 

thorium nuclear power plants seem the most likely medium-term solution to our energy problems. 

Who knows whether fusion power or something else will ever come to pass? 

Finally, Humlum (2025b)  has approached the subject of recent climate change in a rather differ-

ent way from me in this essay, but we come to the same conclusion. To quote from Humlum: 

there is no observational evidence for any global climate crisis. Our world should consider fo-

cusing on much more pressing problems. 
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Abstract 

Real observations show a slight decrease of global temperature in 2025 compared with the previ-

ous ten years. Some stations in the Arctic show warming, but most are fairly stable. The Arctic 

Ocean is cooling to considerable depth, while the tropical and Antarctic oceans have a slight 

surface warming. The sea level trend is not changing as IPCC model data indicate. The Arctic 

September sea ice varies but its area has the last 4 years been much larger than modelled by the 

IPCC. The average snow cover on the Northern Hemisphere is fairly constant during the last 50 

years. The number of tropical cyclones varies, but with no clear trend. The integrated cyclonic 

energy shows some periodic variations, but no trend. Global precipitation has almost zero trend. 

The global cloud cover decreased from 64 % to 61 % from 1985 to 2020. At the same time the 

global temperature increased 0.7 C, suggesting a possible relation. The observed sequence: first 

warming the of the sea surface, then the deeper sea, atmosphere and land suggests that the Sun is 

the source of warming, modulated by clouds, and there is no manmade climate catastrophe in the 

foreseeable future.  

 

Keywords: Global climate; climate change; climate catastrophe  
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1. Introduction 

The United Nations Secretary General, António Guterres on July 27, 2023, declared: The era of 

global boiling has arrived.  We have a huge climate crisis.  

There is a good reason to study the available climate data to see if that is true. In the following 

we will compare data for 2025 with previous years and look for trends of this claimed extreme 

warming and accompanying weather extremes. We found no sign of a coming climate crisis. 

Before I started this survey, I asked my helpful AI to make some images illustrating a) Changing 

Climate, b) Natural climate change, and c) Good climate change and d) Man made climate change. 

The pictures are shown on the next page. They give a good idea of what the public is told about 

climate and climate change and that mankind is destroying it, as stated by the UN Secretary Gen-

eral. 

In this extended abstract I present a short status for the atmospheric and ocean temperatures, sea 

level, sea ice, sea level, snow, wind and storms, precipitation and global cloud cover. My talk can 

be seen at https://www.youtube.com/watch?v=85puIDVyBgc. Monthly updates of climate data 

are available at my website:  www.climate4you.com. 
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Figure 1: AI generated pictures of a. Changing climate, b. Natural climate change, c. Good climate change, 

d. Manmade climate change 

2. Atmospheric temperatures 

 

Figure 2: The average temperature of the year 2025 versus last 10 years. 

A crucial parameter is the change of the global temperature. Usually, it is compared with a fixed 

30-year average, which changes every 30 years. The last one is from 1990-2020. Since this be-

comes more and more in the past, and is hard to remember for ordinary citizens, I prefer to com-

pare with the last 10 years which is shown in Figure 2. The average change is -0.24 C and is 

more a sign of cooling than warming. 

A warning: The use of just one number, the average change in global temperature, hides the fact 

that our planet has various temperature regions which may show a different change than the av-

erage. In 2025 we observe that the Southern Africa has cooled 3.4 C, while Greenland and North-

east Canada have warmed 3.0 C. The use of averages tends to hide important details. 

For the polar regions we observe that the average air temperature is increasing in the Arctic but 

is stable in the Antarctic. A more detailed look at station level in the Arctic shows that only two 

out of six stations show a marked temperature increase. They are marked with red circles in Figure 

3 and may be related to the warm Atlantic current entering the Barents Sea. To investigate climate 

dynamics, we must focus on local values, rather than average values. 
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Figure 3: Air temperature in the Arctic and Antarctic in 2025 compared with the last 10 years. Red circles 

in the Arctic map shows stations with increasing temperatures. Blue circles show no trend. In the Antarctic 

there are variations in different areas but no trend. 

  

3. Ocean temperatures  

 

 

Figure 4: Argo temperature change 2004 - 2021 in three different ocean areas. 
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The general impression of the global sea temperatures is that they follow the radiation pattern of 

the Sun, with a maximum surface temperature in Equator regions and colder water towards the 

poles. At the deep bottom of both Polar Oceans we find, to our surprise, permafrost regions. 

If we look at data for the Argo Ocean temperature surveys for the oceans from 0 to 1900 m depth, 

from 2004 to 2021, we find that the average temperature of the global oceans has increased from 

6.42 to 6.47 C. However, if we look at different oceans: the Circum-Arctic oceans are cooling, 

while the Circum-Equator oceans are warming – but only near the surface level. The Circum-

Antarctic oceans show warming down to 500 m. This is illustrated in Figure 4.  

Much is still to be learnt about the oceans! We should focus on local and regional values instead 

of global averages and should not overinterpret published values. 

 

4. Sea level 

In their last report, IPCC presents a Projected global sea level rise under different SSP scenarios 

and concludes with a likely range (medium confidence) of 1.5 to 2 m global sea level rise in 2150. 

We may compare this with a sea rise of 3-4 mm per year calculated from satellite observations, 

although with many questionable assumptions and corrections. This number is significantly less 

than shown in most IPCC projections. 

The satellite observations refer to a global model of the sea surface of the oceans. It is far more 

relevant to study the traditional sea level observations in coastal areas where people live. An 

important measuring station is Korsør in Denmark, which is in a geologically very stable area 

with no uplift or sinking. Measurements since 1897 in Figure 5, shows a linear trend of +0.83 

mm/year. This means an estimated sea level rise of about 10 cm in 2150.  

 

 

Figure 5: Sea level measurements in Korsør, Denmark. A geologically stable location. 
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Another example of the difference between models and real observations is shown by Figure 6, 

illustrating the Oslo sea front. The land is raising isostatically from the weight of 3 km ice which 

melted 12 000 years ago. Sea level measurements at Oslo began in 1914, and the sea level is 

sinking (in relation to land) with a linear trend of 3.3 mm/year. The sea level model estimates by 

IPCC and used by authorities in their planning, predicts an increase of 6 mm/year and results in 

0.5 m higher sea level in 2100 than the linear negative trend observed. 

 

  

Figure 6: Sea level measured in Oslo 1914 - 2024 with IPCC projections and observed trend. 

5. Sea ice 

The future of the Arctic Sea ice is rather serious according to the last IPCC report. Some scenarios 

predict practically ice-free conditions in September from 2050 as shown in Figure 7. But obser-

vations show that for the last 4 years the sea ice area has been considerably higher than forecasted 

by the models. 

 

 

Figure 7: Arctic minimum sea ice (September) from last IPCC report (2021) with observed areas for 2022-

2025 (blue circles). 
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The sea ice cover in the Arctic Ocean is difficult to predict. An example is the year 2011-12 in 

which we observed the maximum ice extension during the last 20 years, which was followed by 

the lowest extension in the period during the following summer. 

In the Antarctic, the sea ice extension increased significantly during the period 1979-2016, while 

it was decreasing in the Arctic. Then the Antarctic sea ice diminished markedly from 2015 and is 

now about the same level as in the Arctic. This has nothing to do with changes in air temperatures 

in the Antarctic, which were nearly constant throughout the period. Instead, the decrease was 

caused by strong catabatic winds pushing the ice out in warmer water further north, causing it to 

melt.  

Much is still to be learnt about polar sea ice. 

 

5. Snow 

We often read in newspapers and are told in the media that snow is just a thing of the past. 

But if we look at the Northern Hemisphere snow cover, as it is measured by satellites 

since 1972, it has been surprisingly constant. If we look at the seasons, the winter cover 

is very stable, the spring and summer level have a slight decrease, while the fall snow 

cover shows a slight increase. 

 

6. Wind and storms 

The media communicates that the frequency of storms is increasing and the damage they do is 

more serious than before.  Figure 8 shows a map of global cyclone tracks from 1985 to 2005. 

 

 

Figure 8: Global tropical cyclone tracks 1985 - 2005. Picture source: NASA. 

 

If we study the statistics of all hurricanes recorded since 1980, we find a variable pattern, but 

without a clear trend. The news media alarm is thus entirely unfounded. A Fourier analysis indi-

cates a significant oscillation of about 3.7-year duration. 

Accumulated cyclone energy (ACE) has been calculated since 1851 for the Atlantic basin. A 

Fourier analysis shows a significant period of 61.5 years and a possible period of 5.6 years. These 

periods are also present in other climate series. 
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7. Global precipitation 

 

 

Figure 9: Global precipitation 1979 - 2026. 

Warmer air is able to contain more water vapour. The slight global temperature increases which 

are measured (Figure 11) might therefore result in increased precipitation, since the last warming 

started about 1980. However, the measured monthly rainfall (Figure 9), which is highly variable 

from month to month, shows a trend close to zero, in contradiction to model forecasts. 

If we look at individual regions, we find that precipitation in Europe also has been constant during 

the same period. In the Arctic as shown in Figure 10, there was a dry period around 2001, and 

after 2005 there was a slightly higher precipitation than before the dry period.   

 

 

Figure 10: Monthly precipitation in the Arctic 1979 - 2026. 

The Arctic is a dryer region which makes the changes from month to month larger. 
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8. Cloud cover – and a few reflections 

If all clouds were suddenly removed, then our planet would gain about 17 W/m2 in solar radiation 

and become warmer. In the period 1982-2019 we have observed a decrease in cloud cover from 

64 % to 61 %. This means that the Earth has received significantly more solar radiation. This may 

well be the main explanation for the observed temperature increase of about 0.7 C during this 

period, as shown in Figure 11. 

 

 

Figure 11: Global cloud cover and global temperature in the period 1982 – 2019. 

 

Climate scientists admit that they cannot model he cloud cover in a reliable way. It is simply not 

possible to trustworthy model small scale phenomena as evaporation and condensation, for use in 

global climate models.  

There are many additional parameters that may act on the cloud cover. For instance, if we study 

the changes in the Earth’s rotation, which we measure as the length of the day, we find that it was 

2 milliseconds longer in 1980 than it is today. The faster rotation mirror decreasing cloud cover 

and decreasing humidity. Thus, it is therefore entirely possible that these parameters in some ways 

are related. Much is still to be learned about global cloud cover. 

 

8.1 Some reflections  

The principal question was this: Are we currently in a climate crisis? 

1. The observed average global air temperature change during the last 40+ years is about 

+0.16 oC per decade. If unchanged, the additional average global air temperature increase 

by year 2100 will be about +1.15 oC. However, part of the temperature increase reported 

may be caused by administrative changes, and the real future increase may therefore be 
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smaller.   

 

2. Tide gauges along coasts indicate a typical global sea level increase of about 1-2 mm/yr. 

Coastal sea level change rate last 100 year has essential been stable, but with periodic 

variations. If unchanged, global sea level at coasts will typically increase 8-16 cm by year 

2100, although many locations in regions affected by glaciation 20,000 years ago, will 

experience a relative sea level drop. 

 

3. Since 2004 the global oceans above 1900 m depth have on average warmed about 0.037oC 

(do not overinterpret). The maximum warming (about 0.2 oC, 0-100 m depth) mainly 

affects oceans near Equator, where incoming solar radiation is at maximum. 

If we look at the Earth’s climate on geological time scales of millions of years, it is surprisingly 

stable. In most periods it is stable and warm – about 25 oC on average, and in some periods, it is 

about 10 degrees colder, as we observe now. It seems that the planet has a thermostat that keeps 

the climate between these limiting temperatures. Today, our planet is well situated in between 

these limits, and there is no reason to think that we are in a climate crisis. 

 

8.2 Nature provides us with simple answers 

In a simple way, observed data shows us what really controls the global air temperature. We just 

need to use our common sense and examine the sequence of temperature changes. Measurements 

(Figure 12) tell us that the global temperature signal originates at the ocean surface. Two weeks 

later the signal is recorded by satellites in the lower atmosphere. The land surface air temperature 

also follows the ocean surface temperature with a delay of two months, and 20 months later the 

signal is recorded in the ocean at 200 m depth. This sequence was first described by Humlum et 

al. (2012) and demonstrates the key role for ocean surface temperature in controlling atmospheric 

temperatures. 

The hypothetical CO2 temperature signal originates in the upper troposphere, and – if dominant – 

we would see the signal in the satellite data from the lower atmosphere, before we see the signal 

arriving at the ocean surface. Measurements show that the opposite is the case (Figure 12). To the 

degree CO2 influences atmospheric temperatures, its effect is clearly subordinate in relation to 

other influences. 

 

Figure 12:The sequence of global climate signal from the sea surface (SST) to the deep ocean. 
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The principal climate research question therefore is this: What controls the ocean surface temper-

ature? Presumably, the Sun is the key answer, modulated by the global cloud cover. 

 

9. Climate Change: importance of oceans 

I have two overall conclusions and one suggestion for what should be the future main climate 

research focus: 

1. Observed data do not support the notion of a climate crisis but reveals many and partly 

recurrent natural variations. 

 

2. Ocean surface temperature controls the atmospheric temperature. 

 

PROBABLY THE MOST IMPORTANT CLIMATE RESEARCH QUESTION:  

What controls the ocean surface temperature? 

 

10. Final reflections and conclusions 

Why did I not speak anything about CO2? This is because my talk is on climate, and CO2, although 

being very important for plant and animal life, in my opinion, is not overly important to under-

stand meteorology and climate. 

 

Co-Editor: Jan-Erik Solheim  

 

References 

Humlum, Ole,  http://www.climate4you.com/ 

Humlum, Ole, Stordahl, Kjell and Solheim, Jan-Erik, 2012, The phase relation between atmos-

pheric carbon dioxide, Global and Planetary Change, 100, 51-69, http://dx.doi.org/10.1016/j.glo-

placha.2012.08.008 

IPCC Sixth Assessment Report, 2021, Working Group 1, The Physical Science Basis  

https://www.ipcc.ch/report/ar6/wg1/ 

 

Disclaimer/Publisher’s Note:  

This article reflects solely the views, analyses, and conclusions of the author(s). Science of Cli-

mate Change, its editors, and its publisher make no representation or warranty as to the accuracy 

or completeness of the content and disclaim liability for any loss, damage, or other consequence 

arising from the use of, or reliance on, any material published herein. 

 

  

https://scienceofclimatechange.org/
http://www.climate4you.com/
http://dx.doi.org/10.1016/j.gloplacha.2012.08.008
http://dx.doi.org/10.1016/j.gloplacha.2012.08.008
https://www.ipcc.ch/report/ar6/wg1/


Ole Humlum: State of the Climate 2025 

 

Science of Climate Change https://scienceofclimatechange.org 

 100 

 

Appendix 

Finally, another small experiment with Artificial Intelligence: I asked the AI to generate a picture 

of a typical climate scientist, and I got the picture below to the left. I then asked it to generate a 

picture of a typical climate realist and got the picture to the right. What a beautiful world! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I then asked the AI to draw a picture of myself 

 – and got this one:                                                       to be compared with the real one: 

 

 

 

 

 

 

 

 

 

 

 

The real Ole Humlum 

 

 

 

 

 

A typical Climate Scientist drawn by AI A typical Climate Realist drawn by AI 

Ole Humlum drawn by AI 
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Global Temperature Change by Solar Variation  

Outweighed Since 1940s by Warming Effect of  

Anthropogenic Airborne Black Carbon, not CO₂? 

Roger Higgs  

Geoclastica Ltd, Coventry, UK 

 

 

Abstract 

Solar control of global warming and cooling (Svensmark Theory) is supported by the similarity 

of two published graphs: (1) average near-surface air-temperature for the last 9,000 years (from 

proxies and, since 1880, NASA thermometer charts); and (2) solar-magnetic output (proxies). 

Graph-to-graph visual cross-matching of spikes (peaks, troughs) and of multi-century trends re-

veals a variable temperature lag (~100-225 years). Despite the good qualitative match, the corre-

lation coefficient for the last 2,000 years is low (0.3), attributable to lag variability and numerous 

non-matching spikes. Relative amplitudes of cross-matched peaks indicate disproportionate 

warmth since 1940, coinciding with the large growth in coal- and oil combustion since World 

War Two. Based on two features of NASA's temperature charts, the main cause of this excess 

warmth is not carbon dioxide (CO2): (1) after 1980, warming paused (4-8 years) four times, con-

flicting with CO2's non-pausing growth; and (2) since 1985, warming is faster above land than 

ocean, at odds with CO2's spatial homogeneity, instead implicating poorly dispersed airborne 

black carbon (essentially soot, which absorbs solar radiation, thereby warming the air), hitherto 

widely considered the second most important human-produced warming agent. Soot is emitted 

by the burning of coal, diesel-oil, and wood, mainly on land. Incriminating especially coal: (1) 

the mentioned land/ocean decoupling began (1985) only 10 years after the growth-rate of world 

annual coal-consumption abruptly tripled; and (2) the longest warming-pause (2003-2011) started 

soon (15 years) after the first-ever coal-growth pause (1988-1999) began. Consistent with this 

evidence that CO2 has, in reality, relatively little warming effect, numerous authors have reported 

that changes in CO2 follow changes in temperature. Apparently, therefore, CO2's greenhouse ef-

fect is largely (entirely?) outweighed by little-known feedbacks. Indeed, the Intergovernmental 

Panel on Climate Change acknowledges cloud-related feedbacks as climate models' largest un-

certainty. Thus, stopping anthropogenic warming might be tantalisingly easy: simply stabilise 

coal- and oil combustion, thereby ending airborne-soot growth. Natural gas (almost soot-free) 

could be substituted for coal in electricity generation. Gas reserves are sufficient for decades, 

perhaps long enough for development of nuclear fusion (soot- and CO2-free). 
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1. Introduction 

Climate scientists seldom look back beyond the establishment of a reliable global thermometer 

network, in the 19th Century. A longer perspective is provided in this contribution, using pub-

lished proxy-temperature- and proxy-solar-output data going back ~9,000 years, revealing that, 

until very recently (20th Century), solar-magnetic fluctuations appear to have governed Earth's 

average temperature (Section 4.1). By integrating these diverse data spanning thousands of years 

and fusing them with meteorological and industrial (coal- and oil-consumption) data that span the 

last few decades and centuries, a better understanding is gained of: (a) the extent to which today's 

climate is overwarm; (b) the year or decade in which the extra warming began; and (c) the cause. 

2. Previous studies on the importance of the Sun and of black carbon 

Previous authors have invoked a correlation between solar activity and climate variations, for 

various Holocene time-intervals, using diverse temperature proxies, e.g., Bond et al. (2001), Jiang 

et al. (2005, 2015), Usoskin et al. (2005), Perry (2007), Eichler et al. (2009), Stefani (2021), Harde 

(2022), Connolly et al. (2023), Scafetta (2023). The cited studies found temperature lag-times 

ranging from nil (undetected) to ~100 years. According to Perry (2007, p. 353), "A progression 

of increasing lag times can be spatially linked to the ocean conveyor belt, which may transport 

the solar signal over a time span of several decades. The lag times for any one region vary slightly 

and may be linked to the fluctuations in the velocity of the ocean conveyor belt". In another study, 

simulated Atlantic sea-level fluctuations for the last 1,500 years match solar variations, with a lag 

of ~125 years (van de Plassche et al., 2003). According to Jiang et al. (2005, p. 73), "The Little 

Ice Age has a well-documented correlation with the Spörer and Maunder solar minima, which 

may have been partly or even entirely linked to changes in solar irradiance (Lean, 2002)." 

The contribution of black carbon (essentially soot) to atmospheric warming is highly uncertain 

(italics below added for emphasis). Bond et al. (2013, p. 5388) stated: "The best estimate of in-

dustrial-era climate forcing of black carbon ... is +1.1 W m-2 with 90% uncertainty bounds of 

+0.17 to +2.1 W m-2 [i.e., very wide uncertainty range; see also their table 1 and figure 35] ... We 

estimate that black carbon ... is the second most important human emission in terms of its climate 

forcing", after CO2. Black carbon’s warming effect was estimated to be 70% as strong as CO2 (p. 

5497). Intergovernmental Panel on Climate Change (IPCC) estimates are only ~35% and 20%, 

again with large uncertainties (IPCC, 2013a, figure SPM.5; IPCC, 2021a, figure SPM.2c). Ra-

manathan and Carmichael (2008, p. 221) said: "Black carbon in soot is the dominant absorber of 

visible solar radiation in the atmosphere. ... emissions of black carbon are the second strongest 

contribution to current global warming ... In the Himalayan region, solar heating from black car-

bon at high elevations may be just as important as carbon dioxide in the melting of snowpacks 

and glaciers." Airborne soot was likewise credited with major climatic importance by Allen et al. 

(2012), who attributed recent northward expansion of the tropical belt to laterally heterogeneous 

atmospheric warming by soot (and ozone). "Owing to increased combustion of fossil fuels and 

biofuels, black carbon aerosols ("An aerosol is a suspension of fine solid particles or liquid drop-

lets in air or another gas" [Wikipedia, 2026a]) have increased substantially over much of the 

Northern Hemisphere during the last few decades, particularly over southeast Asia ... black carbon 

has increased monotonically since 1970 on average in the low and midlatitudes, including the 

band 30-50 N ... where recent studies show that heating can displace the tropical edge" (Allen 

et al., 2012, p. 350-351) ... "Our analysis strongly suggests that recent Northern Hemisphere trop-

ical expansion is driven mainly by black carbon and tropospheric ozone" (p. 352). In a follow-up 

article (co-authored by Allen), Zhao et al. (2020, p. 1) added: "Our results show that ... black 

carbon (BC) aerosol drives tropical expansion ... BC, especially from Asia, is more efficient ... 

than greenhouse gases in driving tropical expansion ... Although a formal attribution is difficult, 

scaling the normalized expansion rates to the historical time period suggests that BC is the largest 

driver of the Northern Hemisphere tropical widening but with relatively large uncertainty. ... BC 

warms the troposphere, particularly in the NH midlatitudes where most emissions occur". 
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3. Materials and methods 

This contribution is based solely on the analysis, interpretation and synthesis of published infor-

mation. No new data are presented, only ideas and interpretations resulting from an unfunded 

(hence impartial) exhaustive survey of the literature in diverse relevant fields, including geology, 

archaeology, climatology, paleoclimatology, meteorology, oceanography, astrophysics, and polar 

glaciology. The study has lasted eleven years so far (since 2015), leading to this article on soot 

and to three other papers on sea level (Higgs, 2026a, b, c). Microsoft (2022) Excel was used for 

plotting graphs (Figures 1 to 12) from published raw data (except a few charts obtained directly 

from the NASA [2025] website) and for calculating Pearson correlation coefficients. 

4. Analysis and results 

4.1 Global Temperature Largely Solar-Controlled Prior to 1940 

Published graphs of solar-magnetic output (Wu et al., 2018) and global near-surface air tempera-

ture (Marcott et al., 2013), both based on proxies (largely geological) spanning the last 9,000 

years (Early to Late Holocene interglacial period), are visually alike, showing similar overall form 

and several cross-matching multi-century trends (rising, falling; Figure 1). However, the temper-

ature graph (Figure 1B) is heavily smoothed, due to averaging of 73 globally distributed datasets  

 

Figure 1: Visual correlation for the last 9,000 years between: (A) reconstructed sunspot number, a solar-

magnetic-output proxy, based on ice-core 10Be, 10-year time-steps, data of Wu et al. (2018); and (B) 

global average near-surface temperature anomaly relative to 1961-90 mean, based on multiple proxies, 

sampling resolution 20-500 years, 20-year time-steps, data of Marcott et al. (2013). In A and B, multi-

century trends (rising, falling; black bars) match quite well. The overall shape of the two graphs is even 

more similar after tilting the temperature graph leftward to compensate for long-term cooling by Earth’s 

declining axial obliquity (curved grey line, from Cionco et al. [2020]). Marcott's final temperature value, 

for 1940, 0.7C° warmer than 1920, is omitted here, as he doubted its accuracy (see also Vinos [2017]). 

(diverse palaeotemperature proxies) and 1,000 Monte Carlo runs (Marcott et al., 2013). This 

smoothing suppresses short-term variability, rendering the graph less spiky (but note unpublished 

spikier reprocessed version of Vinos [2017]), hampering correlation (Figure 1). This disadvantage 

is overcome here (Figure 2) by substituting a Greenland temperature graph (Vinther et al., 2009), 

one of the 73 datasets incorporated in the Marcott et al. (2013) global compilation. The Greenland 

graph has the same general shape as the global graph (Figure 1B versus 2B; i.e., the Greenland 
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dataset is a reasonable world-proxy), but is much spikier because the graph is the average of just 

two ice-core-isotope profiles, which are nearly identical, i.e., smoothing is minimal. Figure 2 re-

veals a relatively good qualitative correlation between solar output and Greenland temperature, 

with numerous prominent spikes (peaks, troughs) and multi-century trends that can be visually 

cross-matched with reasonable confidence. Spikes in temperature appear to lag by a variable 

amount, ~100 to 225 years, behind corresponding solar spikes (Figure 2). This wide range of lag-

times possibly reflects: (a) ocean conveyor-belt circulation (Rahmstorf, 2006) changes in velocity 

(Section 2); and/or (b) dating errors (counting of ice-core laminae), which inevitably increase 

with age. The longest lag (225 years) is between the exceptionally long solar grand-minimum of 

~ 6505-6365 BC (Inceoglu et al., 2015) and the globally cold "8.2-kiloyear event" that spanned 

~ 6250-6130 BC in Greenland (Figure 2B and cited dataset), popularly attributed instead to hy-

pothetical sudden emptying of an ice-dammed lake (Wikipedia, 2026b). Near the other (young) 

end of the graphs, the Little Ice Age signature-cluster of three cold spikes is offset ~150 years 

from a trio of solar minima (Figure 2; note that the middle spike of each triplet is the lowest value 

of the entire 9,000 years).  

 

Figure 2. Visual correlation for the last 9,000 years between: (A) reconstructed sunspot number, a 

solar-magnetic-output proxy (same data-source as Figure 1A); and (B) Greenland near-surface air 

temperature change based on proxy ice-core 18O (averaged Agassiz and Renland ice cores), sample 

resolution 20 years, data of Vinther et al. (2009). Several prominent peaks and troughs (circled) and 

multi-century trends (black bars) match quite well. As in Figure 1, the similarity in overall shape of 

the graphs is clearer after tilting the temperature graph leftward (curved grey line from Cionco et al. 

[2020]). Slant of dashed correlation-lines indicates a lag of 100-225 years between solar changes and 

corresponding temperature changes. 

The time-lag is possibly due to ocean thermal inertia (i.e., the ocean's vastness, high specific heat 

and slow mixing render it slow to reach [transient] equilibrium), in agreement with Wigley (2005, 

p. 1766) who, summarising the results of his own and others' modelling, said: “Oceanic thermal 

inertia causes climate change to lag behind any changes in external forcing ... many decades”. 

Supporting this evidence that solar-driven temperature fluctuations originate in the ocean rather 

than on land, Humlum et al. (2013) showed that changes in sea-surface temperature (SST; gener-

ally a good surrogate for near-surface marine air temperature [Cayan, 1980; Rubino et al., 2020, 

their figure 4]) precede changes in land-surface-air temperature (LSAT), by ~2 months, i.e., 

warming (or cooling) begins at the ocean surface, then migrates onto land. This migration self-

evidently can only occur in regions where the ocean-surface is warmer than the adjoining land 
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(cf. Wikipedia, 2026c). Noteworthy in this regard: (a) due to the ocean's large thermal capacity, 

the rate and amount of temperature change during any warming (or cooling) event are higher for 

land than for ocean (Humlum et al., 2013, their figure 5); and (b) globally averaged LSAT exceeds 

SST and the difference is growing with time (Section 4.2). Supporting the confirmation by 

Humlum et al. (2013) that the ocean warms the atmosphere, not vice versa, the annual average 

SST in most of the northern Pacific and northern Atlantic is slightly (0-1C°) warmer than the air 

immediately above (Cayan, 1980, his figure 3a). These observations contradict the reverse as-

sumption, by many climate scientists, that temperature changes originate in the atmosphere and 

are transmitted to the ocean, e.g., "the ocean soaks up heat trapped in the atmosphere by carbon 

dioxide and other greenhouse gases" (WHOI, 2025). 

The fair qualitative correspondence between the temperature- and (time-lagged) solar graphs 

(Figure 2) supports Svensmark's (2007) theory that increased solar-magnetic output deflects more 

galactic cosmic rays, reducing cloud cover, allowing increased warming by the Sun because 

"Cloud tops have a high albedo and exert their cooling effect by scattering back into the cosmos 

much of the sunlight that could otherwise warm the surface" (Svensmark, 2007, p. 1.20). Early 

on, Svensmark and Friis-Christensen (1997) and Svensmark (1998) could not distinguish which 

cloud level (low, medium, high) was most affected. However, by 2000, it was evident that low 

clouds (i.e., those below ~3 km) are much more affected than the others (Marsh and Svensmark, 

2000; Pallé and Butler, 2000). According to Pallé and Butler (2000, p. 4.22), "our results imply 

that, possibly excluding the last decade or so when an accentuated rise in global temperatures is 

widely accepted to have occurred as a result of the enhanced greenhouse effect, most of the global 

warming of the 20th century can be quantitatively explained by the combined direct (irradiance) 

and indirect (cosmic-ray induced low cloud) effects of solar activity." It is important to note that 

Marsh and Svensmark (2000), Pallé and Butler (2000) and Svensmark (2007) all used the same 

1983-1994 cloud data-set, which begins only 2 years before the 1985-onward divergence of land- 

and ocean warming, attributed here to airborne soot (Section 5.1).  

Rejecting Svensmark's theory, the IPCC rather subjectively stated: "Although some studies found 

statistically significant correlations between the cosmic ray flux and cloudiness at the regional 

scale ... these correlations were generally weak, cloud changes were small" (IPCC, 2013b, p. 613). 

A companion IPCC chapter added: "The lack of trend in cosmic ray intensity over the 1960–2005 

period (McCracken and Beer, 2007) provides another argument against the hypothesis of a major 

contribution of cosmic ray variations to the observed warming over that period" (IPCC, 2013c, p. 

886). However, this statement unfortunately neglects the oceanic time-lag discussed above. 

Having thus dismissed Svensmark, the IPCC (2014, 2021a) estimated that the Sun's effect on 

climate change is very small, via fluctuations in the total solar irradiance (TSI), which are like-

wise very small, as opposed to the magnetic-flux variations invoked by Svensmark, which occur 

in lockstep with TSI but are much larger, e.g., see Benevolenskaya and Kostuchenko (2013, their 

figure 1). For example, the solar-magnetic flux doubled from 1901 to 1992 (Lockwood et al., 

1999; note, in their figure 3, peak flux in 1992, corresponding to the 1992 cosmic-ray strong 

minimum [Oulu, 2025]), arguably to its highest level in >9,000 years (Solanki et al., 2004). 

Non-matching spikes are also numerous (Figure 2). Temperature spikes with no obvious solar 

counterpart include: cold spikes, some possibly attributable to terrestrial volcanic mega-eruptions 

(cf. Sigl et al., 2015; Büntgen et al., 2016); and warm spikes, perhaps due to surges in submarine 

volcanism (i.e., lava eruptions and/or hydrothermal venting; cf. "plate climatology" [Kamis and 

Kamis, 2016]), a hidden, unmeasurable, potentially major contributor to climate change. On the 

other hand, the converse situation, examples of solar spikes lacking temperature expression, might 

reflect submarine-heat surges or lulls counteracting the solar influence. The many non-matching 

solar and temperature spikes result in a relatively low, though positive, correlation coefficient of 

0.30 for the last 2,000 years of Figure 1 (calculated using the data-sources cited in the caption and 

equalising the data-spacing to 20 years by stripping every second value from the solar dataset). 

This calculation neglects the temperature lag (see above), whose non-constancy (variability) pre-

vents the determination of a more appropriate (time-lagged) correlation coefficient. 
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Spectral analysis provides further support for the Sun's role in climate change. Analysing a 1-

2000AD global temperature-proxy curve compiled from published studies, Lüdecke and Weiss 

(2017) discovered a strong ~190-year cycle, matching the DeVries/Suess solar cycle. More per-

suasively, a spectral analysis of the 1850-2017 sunspot series and the Hadley-CRU global-average 

temperature data-set (Section 4.2) found temperature cycles "that can reasonably be assigned to 

solar variability for most and even possibly all of them" (Le Mouël et al., 2020, p. 24).  

Focusing on the last two millennia (Figures 3 and 4), the same solar graph (Wu et al., 2018) 

closely tracks the authoritative PAGES2k (2019) global multi-proxy temperature reconstruction. 

Cross-matched trends and spikes again reveal a variable temperature delay (~130-165 years, Fig-

ure 3), e.g., the Little Ice Age (~1440-1920AD) corresponds to the triple Wolf-Spörer-Maunder 

solar-minima cluster (~1270-1760). 

 

Figure 3. Visual correlation, for the last 2,000 years, between: (A) reconstructed sunspot number, a 

solar-magnetic-output proxy (same data-source as Figure 1A); and (B) global mean temperature, 1-

year time-steps, 31-year smoothing, based on multiple proxies (tree rings, etc.), data of PAGES2k 

(2019; median of all their reconstruction methods). Five solar minima from Steinhilber and Beer 

(2011). Several prominent peaks and troughs (circled) correspond well; slant of correlation lines in-

dicates ~150-year lag, attributable to ocean thermal inertia (see text). The four bold circles demon-

strate 1945AD disproportionate warmth, i.e., 437AD was cooler than 1945, despite higher correspond-

ing solar activity (305 AD) and higher obliquity (cf. Figure 1B curved black line). 

4.2 Solar Control of Global Temperature Increasingly Outweighed After 1940 

Remarkably, graph-to-graph proportionality of peaks and troughs becomes disrupted in the 20th 

Century. Post-1940 global warmth is disproportionately high, to an extent that increases with 

time, relative to the corresponding level of solar output (visually calibrated to previous episodes; 

Figures 3, 4, 5). To elucidate the excess warmth, Figure 5 compares the thermometer-measured 

1880-2024 global average annual near-surface air temperature of NASA (2025) (NB this dataset 

is almost identical to that of Hadley-CRU [Met Office, 2025]) versus annually resolved solar 

modulation, a measure of solar-magnetic shielding of Earth from cosmic rays (Brehm et al., 

2021). In Figure 5, global temperatures before 1940 closely mimic solar output, after subtracting 

a ~160-year lag, e.g., the three main temperature spikes (1898 warm, 1909 cold, 1942 warm) 

match three solar spikes (1740 high, 1751 low, 1784 high), moreover with constant proportional-

ity. In contrast, post-1940 warming is excessive, manifested in three ways: 
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Figure 4. Time-shifted visual correlation, for the last 1,000 years, between: (A) reconstructed sun-

spot number, a solar-magnetic-output proxy; and (B) global mean temperature from proxies. Same 

data-sources as Figure 3. The best visual alignment of spikes (peaks, troughs; circled) is obtained 

by applying ~160-year temperature lag. 

1. 1942-56 cooling was overly weak for its corresponding solar decline (~160 years earlier), 

by comparison with previous similar declines (Figure 5, compare Box I and dashed box);  

2. therefore, the ensuing 1957-1975 interval of near-constant temperature (Box II), equating 

to the Sun's ~1800-1820 Dalton Minimum, was warmer than earlier times of greater cor-

responding solar strength (compare Box II and dashed box; see also Figure 3); 

3. 1994 to 2024 overall strong warming (despite the controversial 'Global Warming Hiatus’, 

said to span 1998-2013 [Wikipedia, 2026d] but in fact only 2003-2011 [Figure 5B 

smoothed curve; Section 5.1]), anomalously equates to 1835-1865 net solar decline (com-

prising a dip and a rise; Box III). This 1994-2024 warming is verified by: satellite (Spen-

cer, 2025); balloon-radiosonde (Christy et al., 2018); and Arctic sea-ice retreat (Stroeve 

et al., 2007; Mahoney et al., 2008; Connolly et al., 2017; Bliss et al., 2025). The dispro-

portionate warming since 1994 relative to the corresponding lagged solar output applies 

to the world as a whole (Figure 5) and to land and ocean individually (Figure 6). 

Tellingly, 1940 to 2024 warming amounted to a substantial 1.1C°, and SST 0.8C°, despite a net 

decline in corresponding overall solar output (Figures 5 and 6). These observations point to dom-

inance of a non-solar warming agent. 

5. Discussion 

5.1. Human Cause of Post-1940 Excess Warmth  

Incriminating humankind, the 1940 onset of excess warmth (Section 4.2) coincides with World 

War Two and its huge demand for coal (for producing electricity, steel and cement) and oil (pro-

pulsion of aircraft, ships, vehicles). For example, the growth-rate of world annual oil consumption 
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doubled in 1940 (OWD, 2025a). Post-war reconstruction, industrial expansion, and massive pop-

ulation growth (1950, 2.5 billion; 2020, 8 billion) have further increased demand for oil and coal.  

 

Figure 5. Visual correlation between: (A) 1720-1890 solar-magnetic-output proxy, 20-year-smoothed 

annual tree-ring C14 data of Brehm et al. (2021); and (B) 1880-2024 annual global average tempera-

ture anomaly, i.e., averaged land-surface-air temperature (LSAT) and sea-surface temperature (SST) 

(NASA, 2025). Five-year-smoothed curve in red. Graphs are offset ~160 years in accordance with Fig-

ures 2, 3 and 4. Black boxes I-III highlight three manifestations of post-1940 excess temperature (rela-

tive to corresponding solar output); these and the dashed box are described in the text. 

 

Figure 6. Visual correlation between: (A) 1720-1890 solar-magnetic-output proxy, 20-year-

smoothed annual tree-ring C14 data of Brehm et al. (2021; and (B) 1880-2024 average annual 

world land-surface air temperature (LSAT, red) and sea-surface temperature (SST, blue) (NASA, 

2025). In B, the thin zigzag lines connect annual values; thicker wiggly red and blue lines are 5-

year-smoothed values. Graphs are offset ~160 years in accordance with Figures 2, 3 and 4. The ten 

circles illustrate that, until 1940, SST was proportional to the corresponding (time-lagged) solar 

output, but was disproportionally high thereafter. 

200

400

600

800

1720 1740 1760 1780 1800 1820 1840 1860 1880 1900

III

1998-2013 ‘Global 

Warming Hiatus’ 
(Wikipedia 2025c) 

Solar 

modulation 
(MeV)

Global 

temperature 
anomaly (C°) 

relative to 

1951-1980 

mean

~160y offset (temp. lag) 

1898

1751

1909

I
II

1784

1942

A.

B.

tie Fig. 4

Dalton 

Minimum

Years AD

1994-2024

1942-56 
1957-75 

200

400

600

800

1720 1740 1760 1780 1800 1820 1840 1860 1880 1900

Solar 

modulation 
(MeV)

A.

B.

Dalton 

Minimum

Years AD

Global mean near-

surface land-air- (red) 
& sea-surface (blue) 

temperature anomaly 

(C°) relative to 1951-

1980 mean

~160y offset (temp. lag) 

1898

1751

1909

1784

1942

1835

1994

1865

2024

Note 1985 decoupling of 
(smoothed) land- and ocean-

surface temperature

https://scienceofclimatechange.org/


 Roger Higgs: Solar Warming Outweighed by Anthropogenic Airborne Black Carbon, not CO2?   

 

Science of Climate Change https://scienceofclimatechange.org 

 109 

 

Recognition of human culpability would implicate one or both of the generally agreed main agents 

of anthropogenic global warming, namely: (a) rising carbon dioxide (CO2) emissions (from com-

bustion of oil, gas, coal and wood), the overriding factor according to the IPCC (2014, 2021a, b) 

and to the great majority of climate scientists; and (b) airborne particulate black-carbon aerosol 

(Bond et al., 2013; Higgs, 2022, 2023). Black carbon is produced mainly by combustion of diesel-

oil, coal and wood (Bond et al., 2013, table 8). In their landmark review of soot's estimated cli-

matic effects, Bond et al. (2013, p. 5381) considered black carbon to be "the second most im-

portant human emission in terms of its climate forcing in the present-day atmosphere; only carbon 

dioxide is estimated to have a greater forcing." Black carbon is doubly problematic, causing 

warming in two ways: (1) airborne soot warms the atmosphere; and (2) deposited soot reduces 

snow- and ice albedo. Both airborne and settled soot are constantly replenished by combustion of 

wood (natural wildfires and human fires for cooking, heating) and of fossil fuels. In a Greenland 

ice core, the decadal mean concentration of black carbon is no higher for 1970-2010 than for 

1750-1880 (Goto-Azuma et al., 2024, their figure 4), suggesting that by far the main contribution 

since 1970 is from boreal forest fires. Higher values in the intervening period reflect industrial 

contributions, mostly from North America (Goto-Azuma et al., 2024). Soot settling on ice and 

snow is estimated to have only ~20% of the warming effect of airborne soot (Bond et al., 2013, 

table 1 and figure 35). 

Further inculpating humans, and suggesting that airborne soot has a greater warming effect than 

CO2, published meteorological evidence indicates that warming is both laterally (geographically) 

and vertically inhomogeneous. This evidence includes: 

1. lack of Antarctic warming since 1980 or earlier (Figure 7) (Doran et al., 2002), i.e., so-

called global warming is not truly global; 

2. since 1985, faster near-surface warming over land than over the oceans, in contrast to 

pre-1985 near-lockstep warming and cooling (Figure 8C); 

3. faster warming since 1985 in the northern hemisphere (NH; land-ocean average) versus 

southern (SH) (Figure 9C); 

4. faster warming of the lower atmosphere (~0-9 km average, satellite-measured [UAH 

2025]) above land than over the ocean (Figure 8A, B) (Klotzbach et al., 2009, table 1); 

5. likewise the NH versus SH (Figure 9A, B); 

6. near-surface warming faster than lower-atmosphere warming, both above land (Figure 

8A, C) and over the NH (Figure 9A, C); and 

7. near-surface warming at approximately the same rate as the lower atmosphere over 

oceans (Figure 8B, C; Klotzbach et al., 2009, table 1) and over the SH (Figure 9B, C). 

This observation verifies that surface (thermometer) and satellite measurements are well 

calibrated, as does their dual determination of non-warming in Antarctica (Figure 7). 

The strong lateral and vertical warming gradients (observations 1 to 7 above) implicate a non-

CO2 warming agent because CO2, being gaseous (molecular), disperses efficiently, producing a 

near-homogenous atmospheric concentration, such that even heavily industrial regions barely 

(<0.5%) exceed the global average (Zhang et al., 2019, their figure 1). If CO2 were really Earth’s 

"temperature control knob" (Lacis et al., 2010), modern warming (1940 onward) would be much 

more uniform spatially. Instead, the gradients incriminate airborne soot because, being particu-

late, it disperses much less efficiently, remaining concentrated near its mainly land-based, north-

ern-hemisphere sources, e.g., see figure 1 of Wang et al. (2014). (Antarctica soot emissions are 

minimal, but see Cordero et al. [2022].) A different model to explain preferential warming over 

land (observation 2 above) was proposed by Sutton et al. (2007), who suggested that increasing 

CO2 produces an essentially uniform increase in radiative forcing over land and ocean, but lesser 

warming of the latter due to its latent heat of evaporation. However, this hypothesis does not 

explain why land and ocean warmed in lockstep prior to 1985. 
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Figure 7. Three graphs (satellite and surface measurements) showing lack of warming in the Antarctic 

latitudinal belt (64-90S) since 1980: (A) Latitude 60-90S TIROS-N satellite-measured lower atmos-

pheric monthly average temperature anomaly, 1978-2024, data of UAH (2025); (B) 64-90S AIRS 

satellite-measured mean annual atmospheric temperature anomaly, 2003-2024, data of NASA (2025); 

and (C) 64-90S mean annual near-surface-land-air- and sea-surface temperature anomaly, 1950-

2024, data of NASA (2025), with "homogeneity adjustment". Vertical scales are equal (heavy bars 

indicate 1C°). Dashed bars added here are eyeballed average trends. Note lack of any obvious warm-

ing (or cooling) trend in any of the graphs since 1980, except graph C, which shows apparent overall 

warming from 1950 until ~1985, but the temperature-anomaly values in the circle are relatively lower 

(down-shifted in the graph) than in A, suggesting that the "homogeneity adjustment" is inappropriate.  

Excess ocean warming since 1994 relative to the corresponding solar output (Figure 6) is here 

tentatively attributed to airborne soot (albeit much less concentrated than over land) causing a 

reduction in low-cloud cover (Ackerman et al., 2000; Lohmann et al., 2020), outweighing the 

predicted (Svensmark) increase in cloudiness (expected of the net decline in corresponding solar 

output; Figure 5A). Indeed, from satellite data, Goessling et al. (2025) demonstrated a decline in 

global low-cloud cover from 2015-2023 (their figure 2a and f), and suggested that the correspond-

ing loss of cloud reflectivity (albedo) contributed to the global warming recorded in that time 

interval (cf. Figure 5). Discussing the cause of reduced cloudiness, Goessling et al. (2025) stated 

that "aerosols ... can influence ... cloud amount" (p. 70) ... [but] ... "isolating the contribution of 

indirect aerosol effects to cloud amount ... remains challenging" (p. 71). Only two specific aero-

sols were considered, namely reduced Sahara-derived dust and possibly reduced sulphur emis-

sions from shipping. The possibility of reduced cloud cover due to increased airborne soot was 

not mentioned. Two lines of evidence tend to incriminate soot in this case. Firstly, the decline in 

low-cloud cover occurred mostly in latitudes 10S to 45N (see figure 3c of Goessling et al. 

[2025], showing low-cloud cover in those latitudes in 2023 was 2-4% below the 2001-2022 

mean), which happens to incorporate the entire 10S to 45N southeast Asian region where a large 

increase in tropospheric mean soot concentration occurred from 1970-2009, especially in China 

(Allen et al., 2012, figure 1a). Secondly, the 2015 onset of cloud decline (Goessling et al., 2025) 

began soon (13 years) after the 2002 surge in the growth-rate of world coal consumption (see 

below), whereby annual consumption rose a remarkable 55% from 2002 to 2014 (cf. Figure 10B), 

with China accounting for 84% of that increase (OWD, 2025a).  
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Figure 8. Comparison since 1978 of: (A) satellite-measured global lower atmospheric monthly av-

erage temperature anomaly over land and (B) ocean (same UAH [2025] data source as Figure 7A); 

and (C) near-surface-air temperature anomaly over land and ocean (same chart as Figure 6B). 

Vertical scales in A, B and C are equal (black bars = 2C°; for less-squeezed version of C, see Figure 

6B). Eyeballed red and blue trend-lines in A and B are transferred onto C for comparison of gradi-

ents (decadal average warming rates). Atmospheric warming is greater/faster over land (A) than 

over ocean (B). Note, over land, less warming at altitude (A) than at surface (C). In contrast, there 

is no discernible differential warming over ocean (B versus C), nor over Antarctica (Figure 7), nor 

the Southern Hemisphere (SH; Figure 9), confirming reliable calibration of satellite- and surface 

instruments, and consistent with much less soot over oceans and over SH than over land and NH 

(see text). Note, in C, terrestrial near-surface air has warmed faster than sea-surface since 1985 

(steeper gradient of wiggly red line compared to wiggly blue line), having been in lockstep before. 

Anthropogenic soot is produced primarily by the burning of three commodities (Bond et al., 2013, 

table 8): oil-derived fuels (in cars, buses, trucks, ships, aircraft), especially diesel; coal (mainly in 

powerplants, steelworks and cementworks); and wood (home-cooking by billions of people lack-

ing electricity). The suspended soot particles are black, hence solar radiation warms them (Jacob-

son, 2001), in turn warming the surrounding air. Above intensely industrialized regions (e.g., 

China, Europe, eastern USA), average atmospheric soot concentration is approximately 1000% 

(i.e., 10 times) greater than over adjacent oceans (NASA, 2011), in stark contrast to CO2's trivial 

lateral variations, e.g., 1985-2024 seasonally averaged CO2 concentration rose from 345 to 425 

parts per million (ppm) in Hawaii (SIO, 2025) and 342 to 422 ppm in Tasmania (CSIRO, 2025). 

Soot also has a strong vertical concentration gradient, explaining the slower warming at altitude 

(observation 6, above), e.g., the global average soot concentration is approximately 100 times 

greater at 1 km than at 10 km (Cooke et al., 1999, fig. 10), sharply contrasting with CO2, whose 

concentration above Tokyo is only 4% less at 4 km than at 1 km (Shibata et al., 2018, fig. 6). 

Further evidence of airborne-soot's culpability for most of the 1940-onward excess warming 

comes from plotting post-1860 annual oil- and coal production (consumption) alongside land- 

and ocean warming (Figure 10). A good visual match among the graphs is evident. Applying a 

10-year temperature-lag provides a logical inter-relation of graph details, as follows: 
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Figure 9. Comparison since 1978 of: (A) satellite-measured global lower atmospheric monthly av-

erage temperature anomaly over Northern Hemisphere (NH); and (B) Southern Hemisphere (SH) 

(same UAH [2025] data source as Figure 7A); and (C) near-surface global temperature anomaly 

over NH (red) and SH (blue), from NASA (2025). In C, the thin zigzag lines connect the annual 

values; dash-dot wiggly red and blue lines are 5-year smoothed. Vertical scales in A, B and C are 

equal (black bars = 2C°; for less-squeezed version of C, see Figure 11C). Eyeballed trend-lines in 

A and B are transferred onto C for comparison. Atmospheric warming is greater over NH (A) than 

SH (B). Note, over NH, less warming at altitude (A) than at surface (C). In contrast, there is no such 

differential warming over SH (B versus C). Note, in C, NH has warmed faster than SH since 1985 

(steeper gradient of wiggly red line compared to wiggly blue line), having been in lockstep before. 

1. two abrupt jumps (1975 threefold; 2002 about tenfold) in the growth-rate rate of annual 

global coal consumption (Figure 10B) equate to two leaps (1985, 2012) in the rate of 

land-warming (Figure 10C; note lack of a 1985-onward ocean-warming surge explains 

the decoupling of the land- and ocean curves); 

2. a 1988-1999 period of no coal growth (Figure 10B) essentially aligns with a 2003-2011 

pause in global warming (Figure 10C; see Section 4.2, 'Global Warming Hiatus’);  

3. three other warming-pauses (Figure 10C black bars) align with times of zero- or negative 

growth of coal- and/or oil (Figure 10A and B black bars), although the second of these 

pauses can be ascribed to volcanism (see below). 

Similar probable cause-and-effect relationships to those pointed out for Figure 10 are seen when 

the land- and ocean curves are replaced by the NH and SH curves (Figure 11). 

The lengths of the four warming-pauses (4-8 years each) suggest they are unrelated to El Niño 

and La Niña events (typically only 1-2 years [Wikipedia, 2026e]). In two other kinds of internal 

variability in the climate system, the Atlantic Multi-Decadal Oscillation and the Pacific Decadal 

Oscillation, the transitions between the decades-long warm and cool phases have the right dura-

tion (years) but the wrong timing (e.g., graphs in Wikipedia, 2026f, g). The 1991 volcanic super-

eruption of Mount Pinatubo caused cooler global temperatures from 1991 through 1993 (Soden 

et al., 2002), explaining the 1990-1994 warming pause shown by the five-year-smoothed temper-

ature curve (Figure 10C). No other large eruption between 1950 and 2020 exceeded about one-

tenth the magnitude (volume of erupted tephra) of Pinatubo (Wikipedia, 2026h, i); none has been 
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shown to have caused cooling (i.e., "volcanic winter"; Wikipedia, 2026j). During the longest 

pause (2003-2011 'Global Warming Hiatus'), no eruption exceeded about one-hundredth the mag-

nitude of Pinatubo (Wikipedia, 2026i). Climate scientists have struggled to explain this hiatus and 

some even denied its existence (Wikipedia, 2026d). Hansen et al. (2013) stated: "The 5-year mean 

global temperature has been flat for a decade, which we interpret as a combination of natural 

variability and a slowdown in the growth rate of the net climate forcing." In contrast, Drijfhout et 

al. (2014) attributed the hiatus to increased heat uptake across multiple ocean basins. 

 

Figure 10. Comparison, from 1880 to 2024, of world (A) annual oil consumption, (B) annual coal 

consumption, and (C) average near-surface land-air- versus sea-surface temperature anomaly 

(same chart as Figures 6B and 8C). Data for A and B are from OWD (2025a); data-points are every 

tenth year until 1960 and annual from 1965 onward. Fair visual match among the three graphs is 

evident. Applying a 10-year temperature lag (by shifting A and B rightward) produces a logical 

inter-relation of the three graphs' details (see annotations and text). Heavy black bars indicate 

warming pauses (graph C, red and blue 5-year-smoothed curves) and intervals of zero or negative 

growth in oil- and coal consumption (graphs A and B). 

Atmospheric CO2's non-pausing, slightly accelerating rise (Figure 12A) since the 1958 start of 

systematic measurements cannot explain the warming pauses (Figure 12B). Instead, the stepped 

rise in global coal- and oil consumption mimics stairstep global warming (Figure 10). The contrast 

is not evident from the respective correlation coefficients, as both are very high and nearly the 

same: 0.95 for global temperature (Figure 5B) versus CO2 (Figure 12A) for 1975 to 2021 (using 

average annual values, from data sources in the figure captions); and 0.92 for global temperature 

versus 10-year-lagged annual coal combustion (Figure 10B) for the same time interval. Never-

theless, simple visual inspection shows much greater resemblance between temperature and coal 

consumption (Figures 10, 11) than between temperature and CO2 (Figure 12). 

Contrary to the general consensus that airborne soot has less warming effect than CO2, the data 

and interpretations presented above, including the geographic inequality of warming mentioned 
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earlier, collectively suggest that soot is the main agent of anthropogenic warming and that CO2 is 

largely or entirely innocent. 

Besides the effect of airborne soot, some of the post-1940 excess (anthropogenic) warmth is pos-

sibly by so-called waste heat (thermal pollution by power stations, air conditioners, etc.). Waste 

heat is considered by some authors to be an important (Chen et al., 2014), or dominant (Bian, 

2020), or overwhelming (Karamanev, 2021) source of warming. 

 

Figure 11. Comparison, from 1880 to 2024, of (A) world annual oil consumption, (B) world annual 

coal consumption, and (C) Northern Hemisphere (NH) versus Southern (SH) mean annual tempera-

ture anomaly. A and B are the same as in Figure 10. Graph C is the same as Figure 9C. A fair visual 

match among the three graphs is evident. Applying a 10-year temperature-lag (by shifting A and B 

rightward) produces a logical inter-relation of the three graphs' details (see annotations and text). 

5.2. Reasons for Underestimation of Soot Effect and Overestimation of CO2 Effect 

Helping to explain previous underestimations of soot's warming effect, powerplants in the devel-

oping-world possibly emit far more soot than the Bond et al. (2013) review assumed. Coal is still 

the dominant fuel for world electricity generation (35% in 2023; OWD, 2025b). Bond et al. (2013) 

estimated global coal-fired-powerplant soot emissions to be relatively low (20 Gg/yr, their table 

8), because "the high temperatures and well managed combustion promote burnout of any BC 

[black carbon] that is formed" (p. 5414); but their next sentence admitted "emission rates from 

power generation in developing countries are not well known" (p. 5414). Bond et al. (2013) then 

cited Cooke et al. (1999) as having estimated global soot emissions to be ~80 (sic) times higher 

(i.e., an increase of ~1600 Gg/yr; p. 5414), and they continued "there remains a persistent but 

informal perception ... that BC fractions of particulate matter in developing countries, especially 

in power plants and industrial installations, could be higher than that represented by existing 

measurements. Even if older, poorly operating power plants have high BC emission factors, there 

is no evidence that newly installed, modern power plants do" (p. 5414-15). 
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Figure 12. Comparison of (A) annual average atmospheric CO2 concentration (data from NOAA, 

2026) and (B) global annual average near-surface land-air- and sea-surface temperature anomaly 

(same chart as Figure 6B, 8C and 10C). In (A), CO2's smooth (slightly accelerating) uninterrupted 

rise cannot explain, in (B), the decoupling (~1985) of land- and sea temperature curves, or their 

stepped nature (reflecting warming hiatuses). 

Another possible reason for airborne soot having a greater impact on climate than previously 

supposed is underestimation of soot's effects on clouds (Section 5.1). Bond et al. (2013, figure 

35) estimated the net (combined) effect of soot-related positive and negative cloud feedbacks to 

be positive, but with very large uncertainties. 

The above evidence for CO2 having little effect on temperature implies that its greenhouse effect, 

already reduced "well into the saturation regime" (van Wijngaarden and Happer, 2020, p. 18) 

such that " 'instantaneously doubling' CO2 concentrations ... only decreases radiation to space by 

about 1% ... [whereas] ... To increase solar heating of the Earth by a few percent, low cloud cover 

only needs to decrease by a few percent" (van Wijngaarden and Happer, 2025, p. 1), is greatly 

offset (nullified?) by negative feedbacks excluded or underestimated in climate models. For ex-

ample, cloud feedbacks are highly uncertain, as detailed by Stephens (2005), whose "critical re-

view of the topic of cloud–climate feedbacks ... exposes some of the underlying reasons for the 

inherent lack of understanding of these feedbacks" (p. 237). The IPCC (2013a, p. 14) opined that 

"aerosols and their interactions with clouds have offset a substantial portion of global mean forc-

ing from ... greenhouse gases. They ... contribute the largest uncertainty." Later the IPCC (2014, 

p. 44) stated: "The radiative forcing from aerosols, which includes cloud adjustments ... has two 

competing components: a dominant cooling effect from most aerosols and their cloud adjustments 

and a partially offsetting warming contribution from black carbon absorption of solar radiation. 
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There is high confidence that the global mean total aerosol radiative forcing has counteracted a 

substantial portion of radiative forcing from well mixed GHGs [greenhouse gases]. Aerosols con-

tinue to contribute the largest uncertainty to the total radiative forcing estimate." A review by 

Bellouin et al. (2020) found that the magnitude of forcing by aerosols was highly uncertain but 

that the net effect is probably negative. The most recent IPCC major report confessed that "clouds 

remain the largest contribution to overall uncertainty in climate feedbacks" but nevertheless con-

cluded that "The net effect of changes in clouds in response to global warming is to amplify 

human-induced warming, that is, the net cloud feedback is positive (high confidence)" (IPCC, 

2021b, p. 95; their italics). 

One particular cloud-related feedback, certainly negative, is the increase of "Biogenic volatile 

organic compounds (BVOCs) ... potentially very important” (Kulmala et al., 2013, p. 498). An 

increase in BVOCs, due to faster forest growth resulting from both warming and increased CO2 

fertilization, raises the concentration of secondary organic aerosol and (thence) cloud concentra-

tion nuclei, causing increased cloudiness (Kulmala et al., 2013, 2014; Sporre et al., 2019). In this 

respect, "we find that the importance of BVOCs ... is greater than previously thought" (Gordon et 

al., 2017, p. 8739). Sporre et al. (2019, p.  4764) said: "Higher BVOC concentrations result in 

higher aerosol number and mass concentration, which cool the climate by inducing changes in 

cloud properties (Twomey, 1974; Albrecht, 1989) ... Higher cloud albedo and longer cloud life-

time lead to decreasing temperature, giving rise to a negative climate feedback."  

According to the IPCC (2021c, p. 825), "BVOCs are emitted in large amounts by forests and ... 

in a warming planet ... are expected to increase but magnitude is unknown and will depend on 

future land-use change, in addition to climate (limited evidence, medium agreement)" (IPCC's 

italics). The "evaluation of global BVOC emissions is challenging because of poor measurement 

data coverage in many regions and the lack of year-round measurements. ... Most CMIP6 models 

use overly simplistic parametrizations and project an increase in global BVOC emissions in re-

sponse to warming temperatures ... [but] ... do not fully account for the complex processes influ-

encing emissions ... that are hard to constrain observationally" (p. 831). The "assessed central 

estimate of the climate-BVOC feedback ... suggests that climate-induced increases in SOA [sec-

ondary organic aerosols] from BVOCs will lead to a strong cooling effect that will outweigh the 

warming from increased ozone and methane lifetime [italics added here; no mention of potentially 

also outweighing CO2's greenhouse warming], however the uncertainty is large" (p. 859). Given 

all of these uncertainties expressed by the IPCC, and the evidence presented above (and below) 

for CO2's relative innocence, it seems likely that climate models favoured by the IPCC have 

greatly underestimated BVOC negative feedback. 

More evidence that CO2 is relatively benign comes from Murray and Heggie (2016), who found 

that 1965-2013 warming in the United Kingdom and Japan correlate better with national energy 

consumption, "a proxy for thermal emission" (p. 298) (i.e., waste heat), than with CO2-based 

climate models. During that time period, both the UK and Japan relied heavily on oil-fuels and 

coal for their total energy requirements (electricity, transport, heating; OWD, 2025a), i.e., their 

national energy consumption is a proxy for airborne soot as well. 

DeConto and Pollard (2016) pointed out that Pliocene atmospheric CO2 concentrations were com-

parable to today’s (~400 ppm), yet the climate was warmer and some sea-level reconstructions 

are 10–30 m higher; and that during the more recent Last Interglacial, global mean sea level was 

6–9.3 m higher than it is today, at a time when atmospheric CO2 concentrations were below 280 

ppm and global mean temperatures were ~0–2C° warmer.  

Further adding to the collective evidence for CO2's benignity, changes in the growth rate of at-

mospheric CO2 lag behind changes in the rate of warming or cooling, by ~5 months (Kuo et al., 

1990; instrumental monthly data for 1958-1989) or 9.5-12 months (Humlum et al., 2013; data for 

1982-2012). For a longer interval, 1 to 1850 AD, based on rigorous statistical analysis of pub-

lished proxy data, Grabyan (2025) found that CO2 consistently lags temperature by ~150 years. 

Citing other authors' reports of CO₂ lags ranging from months in the modern instrumental era, 
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through centuries, to millions of years in Phanerozoic time, Grabyan (2025) concluded that "at-

mospheric CO2 does not precede, nor appear to drive, global temperature trends" (p. 35) and 

"Collectively, these findings, combined with the ~150 yr lag identified here, suggest that different 

but related processes drive the CO2–temperature lag at different timescales" (p. 64). 

All of the foregoing lines of evidence reinforce the finding of a recent multi-authored, peer-re-

viewed synthesis: "We conclude that the anthropogenic CO2-Global Warming hypothesis lacks 

empirical substantiation, overshadowed by natural drivers such as temperature feedbacks and so-

lar variability, necessitating a fundamental re-evaluation of current climate paradigms" (Grok 3 

et al., 2025, p. 13). 

5.3. Measures to End Anthropogenic Warming 

If soot is indeed the main anthropogenic warming agent, then stopping global warming is techni-

cally (but not politically) easy: freezing global oil- and coal combustion at the current annual rate 

would halt airborne-soot growth, thereby halting anthropogenic warming in ~10 years (lag-time 

in Figure 10). Going further and reducing consumption would hypothetically cause cooling, in 

the absence of any solar increase (but see below). Lohmann et al. (2020, p. 674) concurred: "Our 

findings suggest that reducing emissions of soot particles is beneficial for future climate, in addi-

tion to air quality and human health." However, in reality, consumption will probably continue to 

rise, as developing nations strive to grow their economies and their armed forces. For example, 

from 2005 to 2023, China's annual coal usage grew 65% while the United Kingdom's shrank 90% 

(OWD, 2025a). In 2023, China, with 20 times the UK population, burned 500 (sic) times as much 

coal. Furthermore, the exceptional doubling of solar-magnetic output from 1901 to 1992 (Lock-

wood et al., 1999, fig. 3), to its highest level in >2,000 years (see 1992 red peak in figure 14 of 

Wu et al. [2018]), means that Sun-driven warming will start adding to anthropogenic warming 

after ~2060, with a maximum contribution ~2150 (~160-year lag, Figures 4 and 5). 

Given the collectively strong evidence that rising CO2 causes little if any global warming, gov-

ernments should urgently implement proper measures toward ending anthropogenic warming, 

namely by curbing soot emissions. These measures might also limit the coming severe sea-level 

rise. (Unfortunately, even if warming were stopped today, a sea-level rise of at least 3 m by 2100 

now appears inevitable [Higgs 2024, 2026a, b, c].) Knowing that the main culprit is soot, not CO2, 

justifies generating much more of the world's electricity using natural gas (only 22% in 2023, 

versus coal 35% and oil 3% [OWD, 2025b]). Natural gas emits CO2 but almost no soot when 

properly combusted. New gas-fired capacity could replace existing coal (36%) and nuclear-fission 

powerplants (9%), with the additional double-benefit of improving air quality and terminating 

growth of radioactive waste. 

CO2's innocence would render wind turbines (8%) and solar panels (5%) triply indefensible: (a) 

intermittent; (b) sequestration of priceless land (agriculture, housing, natural habitats, aesthetic 

beauty); and (c) vast disposal problem (most going to landfill). Carbon capture becomes triply 

foolhardy: (a) needless; (b) waste of trillions of dollars; and (c) will retard CO2-fertilisation of 

crops and forests. (At 425 ppm in late 2025, CO2 is still only ~40% of the ~1,000 ppm optimum 

for plant growth [e.g., Zheng et al., 2018] and is exceptionally low in terms of the last 500 million 

years [e.g., Berner and Kothavala, 2001].) Proposed climate alteration by "solar radiation modi-

fication" (Wikipedia, 2026k), with highly uncertain consequences, likewise becomes a needless, 

hugely expensive, potentially hazardous exercise. 

If soot is indeed a far stronger warming agent than CO2, no new coal-, wind-, solar-, or nuclear-

fission powerplants should be built, only gas-fired ones. Global proven gas reserves would last 

~50 years at the current consumption rate (OWD, 2025c), or ~25 years at twice that rate. Probable 

reserves, automatically classed as proven as soon as higher prices render them economically re-

coverable, would last additional decades. By then, nuclear-fusion energy, limitless and clean (no 

soot or radioactive-waste; nor CO2), might be a reality; and CO2 will be nearer the optimum. 

However, as insurance, increased exploration for (low-soot) gas would be prudent. 
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The simplest, fastest, and most obvious way to reduce energy consumption is personal conserva-

tion, widely ignored by society. For example, in many western households with one or two parents 

and one or two grown children, each of them has a car. Individuals could opt to purchase far fewer 

non-essential products, especially those made in China (electricity 61% coal-generated in 2023, 

versus UK 1% [OWD, 2025b]) which, moreover, necessitate long-distance diesel-powered ship-

ment. Millions of people fly excessively and needlessly, including the author. 

6. Conclusions 

Graphs of global temperature and solar output match well for the last 9,000 years, with a temper-

ature lag of ~150 years attributable to ocean thermal inertia. The graphs recently became decou-

pled, whereby 1940 onward was disproportionately warm for the corresponding solar output, sug-

gesting that humanity added warmth. Post-1985 warming is geographically unequal (land versus 

ocean; northern- versus southern hemisphere), implicating human-emitted airborne soot which, 

unlike atmospherically well-mixed CO2, lingers near its primarily land-based, northern-hemi-

sphere sources, mainly comprising domestic and industrial burning of diesel oil, coal and wood. 

Apparently, CO2's greenhouse effect is offset by feedbacks underestimated in climate models. 

Simply freezing world oil- and coal combustion at today's level, thereby halting airborne-soot 

growth, would potentially end anthropogenic warming in ~10 years; going further and reducing 

coal usage would hypothetically have a cooling effect, which will counteract (time-lagged) Sun-

driven warming, predicted to resume a few decades from now. To reduce coal consumption, coal 

should be replaced by natural gas (almost soot-free) for generating electricity. World gas reserves 

are sufficient for decades, perhaps long enough for development of clean, nuclear-fusion energy. 
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Abstract  

This study uses a specialized laboratory configuration to examine how strongly convection can 

influence atmospheric radiation effects and to what extent greenhouse gases are causing warming 

or cooling under controlled conditions. A cylindrical apparatus is used, containing a heated, black-

ened aluminum plate that represents the Earth’s surface. This plate can be positioned either below 

or above the cooler cylinder wall, thereby enabling or suppressing convection. Adding controlled 

concentrations of the test gases HCG (hydrocarbon gas, a propane/isobutane mixture), CO₂, and 

argon, the interaction of radiation emitted by the plate with the gases and the resulting feedback 

to the plate is investigated. The results vary noticeably depending on the plate’s position and 

measurement duration. With the plate at the bottom, initially a strong temperature increase is 

observed. This is often falsely interpreted as greenhouse effect but is actually caused by tempo-

rarily suppressed convection due to the added gases. It is also demonstrated that the prerequisite 

for an atmospheric greenhouse effect – whether warming or cooling – is the presence of a tem-

perature gradient along the radiation path. Although the experimental setup can only demonstrate 

part of the competing heat fluxes in the atmosphere, the results already show how these fluxes 

can relativize the influence of infrared-active gases.  

Keywords: Greenhouse effect; radiative transfer; convection; infrared-active gases. 
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1. Introduction  

To get an idea of the Greenhouse Effect (GHE), one usually starts with the question: What would 

the Earth's temperature be without Greenhouse Gases (GHGs)? Under somewhat contradictory 

assumptions – on the one hand considering clouds, which shouldn't exist at all without water 

vapor as the strongest greenhouse gas, and on the other hand, neglecting their significant influence 

on the GHE – the answer is -18 °C. And the difference of about 34 °C to the actual (but also 

disputed) average Earth temperature of approximately +16 °C then would be the GHE? 

Whether these figures are right or wrong will not be discussed here, but rather a fundamental 

misunderstanding has to be addressed. The real question about the magnitude of the GHE should 

refer to a planet without an atmosphere, and therefore without clouds and aerosols, without water 

evaporation and no biosphere, but with an average surface albedo of about 12%, comparable to 

the Moon. An average temperature of about -4 °C would be expected, resulting in a greenhouse 

or better atmospheric effect (see also Koutsoyiannis & Tsakalias, 2025 [1]) of only about 20 °C, 

which is 14 °C less than is often attributed solely to GHGs.  

All the unique characteristics of the blue water planet are responsible for the fact that the Earth's 

average temperature differs significantly from that of other planets without an atmosphere, allow-

ing life to develop on Earth in the way we know it. 

The atmosphere is also what regulates the limitations, meaning that only about half of the solar 

radiation can reach the Earth's surface, but also the infrared (IR) radiation emitted by the surface 

and atmosphere is more strongly retained. Due to this insulating effect, a large portion of the 

energy is shifted to higher layers and only from there radiated back into space. This heat transport 
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can occur through thermal radiation, conduction, rising air (convection), and evaporation. The 

local surface temperature is determined by the duration and intensity of solar radiation, by air 

currents, by the cloud cover, and by many other factors, but also by the interplay of the four 

outward-directed heat flows. This raises the fundamental question of how these parallel heat flows 

influence each other and how the contribution attributed to the thermally active gases is relativized 

by the other heat flows. 

Laboratory experiments cannot truly answer this question, but various experimental setups 

demonstrate the influence that convection can have on radiation transfer studies, and how this can 

lead to completely contradictory results regarding the magnitude or non-existence of the GHE. 

2. Experimental Setup 

The experimental set-up is shown in Fig. 1 and has already been used in a slightly modified form 

to demonstrate the GHE (Harde & Schnell 2022) [2] and the negative or reverse GHE (Harde & 

Schnell 2025) [3]. The apparatus consists of an upright cylinder with a polished aluminum inner 

lining, which forms an efficient radiation channel for the IR radiation. The gases to be analyzed 

are poured into the cylinder with a special pump, while gas in the compartment can escape through 

a small hole, also when the gas mixture is heating up and expanding.  

 

Fig. 1: Experimental setup with a heatable PE-plate. Configuration A simulates radiation propagation 

with convection, configuration B (apparatus rotated 180°) without convection. The PK plate is only 

used for the studies "Thermally generated back radiation", Chapter 5. 

To specifically investigate the influence of radiation and convection, only one heated plate – re-

presenting the Earth’s surface and thus called earth plate (PE) – is used. This plate is positioned 

either in the lower position (Fig. 1A) or in the upper position (Fig. 1B). A second, cooled plate, 

which would allow for a defined, higher temperature gradient across the cylinder as necessary for 

demonstrating the atmospheric GHE, is omitted here (see also Section 5). 

Instead, the radiation emitted by the earth plate and reflected by the opposite dome, is used to 

measure the impact of convection on the radiation. The earth plate acts both as transmitter and 

sensor for the radiation. For comparison, also a measurement with a blackened cover of the dome 

(plate PK) is carried out and contrasted to an earlier study of the GHE. 

The decisive factor for unstable or stable air stratification is the temperature gradient between the 

warm earth plate PE and the cylinder walls with sensors T1 to T4. 

Configuration A: 
With convection 

Configuration B: 
No convection 
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3. Radiation Balance with Convection 

In position A, the warm earth plate PE is located below the cooler cylinder walls. This creates an 

unstable air stratification, leading to convection – similar to radiators for room heating. The ex-

periment is divided into three phases: 

1. Heating of the cylinder filled with dried air and waiting for thermal equilibrium (approxi-

mately 4 h) at constant heating power of 4.6 W over the full measuring cycle 1 – 3.    

An unusual temperature distribution develops in the cylinder: Tdome = T4 > T3 > T2 > T1, caused 

by convection and observed only in this configuration (see Fig. 2a, right and Appendix, Table 

A2, Phase 1). The cold, backflowing air from the walls narrows towards the smaller PE plate 

and flows around sensor T1 (see Fig. 1 A). Therefore, this measuring point shows the lowest 

temperature T1, even though it is located in the immediate vicinity of the warm PE-plate. 

2. Pouring eight liters of the GHGs HCG (hydrocarbon gas, 1:1 mixture of propane and isobu-

tane), CO2, or the noble gas argon into the lower housing (corresponds to 15 vol.%) 

This creates a "gas lake" that floods the PE plate and extends to the T1 measuring point. Since 

the poured gases have a higher density than air, convection ceases, resulting in an immediate 

temperature increase at T1 and at the same time a drop at the other points T2 to T4 (Fig. 2a). 

The actual reason of this T1-increase is not the GHE, as has been repeatedly postulated by 

some authors when presenting their demonstration experiments (e.g., v. Ditfurth [4]), but ra-

ther the lack of heat dissipation by convection. 

This is fully confirmed by measurements with argon as an IR-inactive noble gas, which causes 

the same temperature increase of the constantly heated ground plate. Only gradually dissolves 

this blockage, primarily through diffusion, which also causes the temperatures T2 – T4 to tem-

porarily rise (Fig. 2a). The maximum temperature increase of the gas lake is measured and 

expressed as ΔTE compared to the air temperature after phase 1. 

3. Measurement of radiation changes due to 15 vol.% of the gases HCG and CO2 

The average temperatures of the last hour and the temperature changes compared to Phase 1 

are recorded and referred to as "homogen" in the Tables and Figures. 

After the gas pool dissipates and homogenization occurs, the GHGs HCG and CO2 ultimately 

cause a net cooling of the PE-plate, similar to the so-called "negative GHE". 

However, in this case, the cooling does not result from a negative temperature gradient (in-

creasing temperature in upward direction; see Harde & Schnell, 2025 [3]) but is determined 

by the altered radiation balance for the PE-plate upon addition of a GHG. A significant portion 

of the radiation emitted by the plate is reflected back to the PE-plate by the mirrored dome and 

walls, largely independent of their temperatures. With GHGs radiation is absorbed on the spec-

tral transitions, for CO2, e.g., causing an attenuation of 12 % and for HCG about 30 %. This 

leads to partial thermalization and also remission by the gases, but into all directions and pri-

marily determined by their temperature. The result is a dominating attenuation of the reflected 

radiation and thus a reduced temperature ΔTE measured at the earth plate, while radiation trans-

fer calculations show that the back-and-forth propagation largely compensates any GHE.  

As under these experimental conditions, the reflected radiation essentially represents the 

upwelling radiation, the measured temperature difference at the plate mirrors the radiation 

balance as expected at the top of the atmosphere (TOA), not at the Earth's surface. 

To demonstrate this effect, relatively high concentrations of 15 vol% of GHGs are required, 

which also alter the thermal conductivity of the air mixture. But the temperature of the earth 

plate is only slightly affected by this altered thermal conductivity. This can be seen in a control 

experiment with argon as an IR-inactive gas, where, in contrast to the GHGs a slight warming 

is observed in phase 3 (Table 1, Fig. 2c). Argon, like CO2, is a gas with low thermal conduc-

tivity (λ = 0.0179 W/m∙K) compared to air (λ = 0.0262 W/m∙K). Since radiation and conduc-

tion have opposing effects, the cooling temperatures of HCG and CO2 (Table 1) are actually 

slightly higher than those measured here. 
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Table 1: Effects of the sample gases on the temperature of the earth plate with and without convection. 

Gas ΔTE = difference to phase 1 

A: with convection B: no convection 

TE 

°C 

ΔTE 

°C 

TE 

°C 

ΔTE 

°C 

air 
phase 1 for all measurements 

average ± 0.1 °C  
34.1 - 39.1 - 

HCG gas lake 36.1  2.0 - - 

 homogen 32.8 -1.3 36.7 -2.5 

CO2 gas lake 36.2  2.1 - - 

 homogen 34.0 -0.1 38.2 -0.8 

argon gas lake 35.8  1.8 - - 
 homogen 34.3  0.3 39.2  0.1 

 

 

The properties of the "gas lake" in phase 2 have nothing to do with what happens in the atmos-

phere. Apart from local variations, CO2 is evenly distributed in the troposphere. Rather, this pri-

marily concerns experiments or interpretations such as those by v. Ditfurth (1978) [4], Gore & 

Fig. 2: a) Temperature  profiles with convection using the GHG HCG as an example, b) without con-

vection and c) comparative measurements with and without convection for argon. 

a) 

b) 

c) 

HCG using configuration A           

HCG using configuration B   

Argon at configuration A   Argon at configuration B   
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Guggenheim (2006) [5], or Scorza et al. (2022) [6], who may have inadvertently created a "gas 

lake" when pouring in pure CO2 and believed that their experiments demonstrated the atmospheric 

CO2 effect. In the most favorable case, these videos confirm the IR absorption of greenhouse 

gases or their differing thermal conductivity compared to pure air. But these experiments have 

nothing to do with the greenhouse effect as we know it in our atmosphere (see also: Watts, 2011 

[7]: Solheim, 2016 [8]; Schnell, 2020 [9]). 

The observed, partly considerable temperature increase (11.3 °C in the Ditfurth experiment, 2.1 

°C in our investigations) is mainly caused by the higher density of CO2 (ρ = 1.98 kg/m³) compared 

to air (ρ = 1.20 kg/m³), which forms a CO2 pool at the floor even when heated. Like the glass 

panes in a greenhouse, this layer of heavy gas prevents convection and  rising of the heated gas. 

Only under the influence of diffusion this pool disperses after some time, and the "heavy" gas 

spreads evenly throughout the tank. Comparison with argon, which produces the same tempera-

ture peak when poured in, clearly demonstrates that this is not evidence of the GHE (Fig. 2c).  

4. Radiation Balance without Convection 

For class B experiments, the entire apparatus is rotated upside-down, so that the earth plate PE is 

located above the cooler cylinder walls (Fig. 1B). This creates a stable air stratification, warmer 

at the top and colder at the bottom, which inherently prevents convection. Since the sample gases 

now only form a temporary gas pool with the dome at the bottom, a thermal insulation of the earth 

plate is eliminated. Therefore, when performing measurements under these conditions, the exper-

imental procedure is only divided into two phases. 

1. Heating of the cylinder filled with dried air and verification of thermal equilibrium. 

This procedure is done under the same conditions as in position A, i.e., with a heating power 

of 4.6 W, and lasts approximately 5 hours. Due to the lack of convection, the temperature of 

the PE-plate rises by additional 5 °C (Table 1, last column, Phase 1). This already shows that 

convection has a significant influence on the heating balance of the PE-plate. 

2. Pouring in the Sample Gas 

When the sample gases are filled in, again initially a gas pool forms in the dome, similar to 

configuration A. However, in the absence of convection and at a larger distance from the 

heated plate, this does not cause any heat buildup for this plate. Therefore, with the two green-

house gases HCG and CO2, immediate cooling of the PE plate is observed (Fig. 2b and Ap-

pendix, Fig. A1b). This is again due to absorption losses of the back-reflected radiation with 

the greenhouse gases between the PE-plate and the dome, as already described for configura-

tion A. 

Fig.3: Comparison of measurements for HCG and CO2 with and without convection. 

position A 

position A 

position A 

position B 
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The crucial difference between positions A and B is the size of the temperature change at plate 

PE, representing the flux change at TOA. Without convection, HCG causes a cooling of 2.5 °C 

compared to 1.3 °C with convection, and for CO2, the difference is 0.8 °C versus 0.1 °C (Fig 3).  

This experiment confirms that convection, as a competing heat flow, relativizes the effective-

ness of GHGs and thereby also the GHE. 

With the potent GHG HCG, a second effect is observed. Despite the temperature drop of TE, the 

temperature T1 rises. The sensor T1 is in close proximity to the PE-plate and, under stable air 

stratification according to configuration B, already has the highest temperature of the sensors T1 

to T4 without GHGs. When adding HCG, this temperature increases by additional 0.4 °C (Ap-

pendix, Table A3). This is explained by the fact that the intensity of the remitted HCG radiation 

– as explained above – is lower than the radiation absorbed by the gas from the PE-plate, thus 

contributing to the temperature increase of the air, but not the PE-plate (Appendix, Table A3). 

This gas warming is the same as in experiments monitoring only the gas temperature (e.g., Scorza 

et al. [6]). However, the difference to these measurements is that we register the gas temperature 

at 5 different positions to observe any temperature changes over the tank and – most important – 

also changes of the plate temperature. To make this clear, both measurements – observation of 

the gas temperature or plate temperature – are only tracking the absorption of the gases, not any 

greenhouse effect, but the changes of the plate also symbolize the reduced upwelling radiation to 

space and can much better be used to study the impact of convection on radiation effects.      

However, the hypothesis that the GHE reduces heat transport via IR radiation towards space is 

experimentally confirmed, as can be seen from the temperature drop of the dome (Appendix Table 

A3) and even more pronounced with plate-PK (see Section 5 and Table A4). This applies to 

cloudless skies and is further amplified by clouds, which not only act as IR absorbers but also as 

emitters and can additionally scatter some part back to the surface. 

Slight warming of the air is also observed with CO2 but is close to the temperature resolution of 

the sensors with ± 0.1 °C (Table A3). Given an approximately 400 times lower CO2 concentration 

in the atmosphere, this warming is likely negligible. This may explain why weather balloons and 

satellites have so far been unable to detect the supposedly CO2-caused atmospheric "hotspot." 

The comparative experiment with argon (Fig. 2c and Table A3) shows neither a decrease in the 

TE temperature nor a temperature increase from T1 to T4. A slight increase in TE after addition of 

argon is within the temperature resolution. 

5. Thermally Generated Backradiation 

In the previous experiments, backradiation was caused by the reflection of the emitted earth-plate 

radiation at the mirrored dome. Covering the dome with a blackened aluminum plate (PK) gener-

ates thermally produced back radiation according to its temperature TK and the Stefan-Boltzmann 

law. Since the PK-plate is significantly cooler than the earth-plate, the intensity of the back radi-

ation is correspondingly lower. With this weaker backradiation, only the GHG HCG shows  

clearly measurable cooling using configuration B (Table 2 and Table A4). 

Table 2: Impact of a mirrored dome or a blackened plate PK on the temperature of the earth plate accord-

ing to configuration B, without convection. 

Gas ΔTE = difference to phase 1 
reflecting dome blackened  plate PK 

TE 

°C 

ΔTE 

°C 

TE 

°C 

ΔTE 

°C 

air  
phase 1 of all experiments 

average ± 0,1 °C  
39.1 - 36.0 - 

HCG homogen 36.7 -2.5 35.2 -0.7 

CO2 homogen 38.2 -0.8 35.9 -0.1 

argon homogen 39.2  0.3 36.2  0.1 
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However, not only the earth plate is showing some cooling, but there is even a greater temperature 

loss at the opposing plate PK: 1.2 °C for HCG and 0.4 °C for CO2, while the gas temperatures T1 

to T4 are slightly increasing (see Table A4). 

Under these conditions an almost uniform air temperature is adjusting in the cylinder, and differ-

ent to the changing temperatures over the atmosphere it works as a single, isolated layer. GHGs 

are causing an attenuation and partial thermalization of the backradiation, resulting in this unusual 

temperature pattern. 

However, significantly different conditions in the radiation balance are arising, when the temper-

ature of the cold plate PK is reduced by a cryostat. Fig. 4 shows as an example a measurement 

with 10% CO2 in air for a cooled plate of -11.4 °C and a temperature gradient between the plates 

of 0.37 °C/cm (for further details see Harde & Schnell 2022 [2]). 

With an initial temperature of the earth plate of +30 °C, a temperature increase of 1.0 °C can be 

observed after adding CO2, in contrast to the measurements shown previously. Since convection 

and heat conduction can be ruled out by control experiments, such an increase can be attributed 

exclusively to the actual GHE, and it can only be observed in the presence of a sufficient temper-

ature gradient along the radiation propagation path. 

This measurement is intended as comparison to illustrate the importance of precisely understand-

ing or even eliminating other heat transfer processes in order to make a reliable statement about 

the true influence of the various GHGs on our climate. 

 

Experimental set-ups, as previously discussed, in which the heavier sample gases can block con-

vection, also show an increased temperature rise, but this has nothing to do with the GHE. On the 

other hand, this effect can be superimposed by convection and radiation absorption to such an 

extent that any warming is compensated for or even reversed. This may be one of the reasons why 

such differing results have been published from purported demonstration experiments on the 

GHE. Reliable verification and determination of the influence of the various IR-active gases on 

our climate therefore requires careful experimental conditions that must be precisely known and 

adhered to. 

The results collected in the laboratory can only be partially applied to the transfer processes in the 

atmosphere, but they illustrate the strong mutual influence of the heat flows and simultaneously 

demonstrate the special importance of GHGs for climatic conditions that only made possible life 

on this planet. 

Fig. 4: Measurement for 10% CO2 in dry air. The temperatures of the earth plate (red), the signif-

icantly different gas temperatures at positions T1–T4, and the laboratory temperature (black) were 

recorded. The ground plate is located on an insulating layer within the thermistor dome. 
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6. Conclusion 

In laboratory experiments we have studied the reciprocal influence of heat fluxes as they occur in 

the atmosphere. In particular, we show how convection affects the effectiveness of IR-active 

gases. The starting point is to realize that the Earth's surface not only delivers heat through radi-

ation, but also by convection, conduction, and evaporation, and that these mechanisms mutually 

influence each other. The objective of these studies was to analyze these effects separately and 

together in a most controllable laboratory experiment. 

The setup uses a heated plate to simulate the Earth's surface, which is positioned either below or 

above the cooled cylinder walls. This results in two clearly distinguishable scenarios: a convective 

system (plate below, configuration A) and a convection-free system (plate above, configuration 

B). In both cases, the tank is filled with the GHGs HCG (hydrocarbon gas) and CO2, and for 

comparison argon, so that both, radiation effects of the gases and the influence of a temporarily 

formed gas layer (gas-lake) of the heavier gases, can be investigated – the latter a phenomenon 

that has evidently influenced previous demonstration experiments incorrectly. 

Temperature measurements of the plate show that with set-up A after adding a sample gas, a 

significant increase is primarily due to the lower thermal conductivity and higher density of the 

gases: A spreading gas pool around the earth plate suppresses convection for about 20 minutes, 

thus warming the plate. This effect occurs with all three gases, including non-IR-active argon, 

and therefore does not constitute any evidence of a GHE in the physical sense. Only when the gas 

pool disappears through diffusion, can radiation effects be observed. The temperature drop ΔTE 

measured at the plate reflects the radiation balance at the top of the atmosphere. 

The comparison between configurations A and B is crucial. When convection is allowed, green-

house gases only slightly reduce the radiation reflected from the dome to the warm plate, causing 

a slight cooling and, correspondingly, only a slight decrease in the radiation emitted to space. If 

convection is suppressed, this negative radiation effect is noticeably amplified, respectively the 

absorbed radiation over the atmosphere and the associated warming at the base. 

HCG causes a cooling of 2.5 °C without convection, compared to only 1.3 °C with convection; 

CO2 leads to a cooling of 0.8 °C compared to 0.1 °C with convection. This shows that convection 

is a dominant heat transport mechanism that reduces the radiative effect. 

Comparable investigations for the influence of evaporation on radiation could not be carried out 

with the present experimental setup because too much condensate forms on the walls of the gas 

cylinder, significantly altering the backradiation. 

In summary, the experiments show that the effect of IR-active gases is strongly influenced by 

convection and that a considerable portion of the warming observed in classical demonstrations 

is not due to radiative effects, but rather to gas effects that inhibit convection.  

For the real atmosphere the interplay of convection and the other mechanical heat fluxes with the 

GHGs can be understood as lifting warmer air parcels from the lower to the upper troposphere, 

from where heat can be released more efficiently to space by radiation. Thus, these fluxes prove 

to be central components in the Earth's heat transport and at the same time relativize the sole 

significance of IR-active gases as sources for global warming. 
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Appendix 

The experimental chamber is thermostatically controlled at 18 °C ± 0.2 °C to eliminate interfer-

ence from a changing room temperature. The water for cooling the cylinder is generated in a 

thermal box via a two-point thermostatic control with a hysteresis of ± 0.1 °C and pumped to the 

cylinder through PVC tubing. To establish stable conditions, the room temperature control and 

the cooling water are switched on 5 hours before data recording, and the air in the tank is circu-

lated through solid sodium hydroxide solution for drying. 

The electric heater is set to 4.00 volts, which fluctuates between 4.6 and 4.7 watts due to the 

temperature dependence of the resistance heating of the ground plate (Table A1). 

Table A1: Technical Data 

Component Length/Hight Ø:  

alu-cylinder L=57 cm 33 cm 

dome H=13 cm 33 

alu plate PE D=0.8 mm 22 cm 

alu plate PK D=0.8 mm 33 cm 

PI-Polyamide foil heater  DC24V, 180 W 22 cm 

PE support plate H=2 cm 25 cm 

plate spacing PE-PK 57 cm  

cooling hose L=25 m 8x12 mm 

Styrofoam top H=15 cm 50 cm 

Styrofoam wall H=65 cm 50 cm 

Styrofoam bottom H=10 cm 50 cm 

data logger Elitech RC4  

thermostat ES-10 ± 0,1° C  

power supply  Korad ka3005d  0-30 V 

heating power 4,00 V 4,6 - 4,7 W 

 
 

Fig. A1: a) Temperature profiles for CO2 with convection, b) without convection. 
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Phase 1 of Tables A2 and A3 shows the temperatures of all sensors after switching on the PE 

heater. "Start" represents the temperature increase caused by switching on the heater. The "homo-

gen" phases refer to the temperatures and their changes that ultimately result after the addition of 

the sample gases, compared to the dried air. The "gas-lake" phase in Table A2 is a snapshot at the 

highest sample temperature reached immediately after the addition of the sample gases. 

Some data exhibit a wave-like pattern caused by the thermostat's temperature control. These fluc-

tuations are smoothed out by averaging over a longer period. 

Table A2: Configuration A, with convection. Temperatures of the different sensors after addition of 8 

liters of a sample gas. 

gas phase 
TE 

°C 

T1 

°C 

T2 

°C 

T3 

°C 

T4 

°C 

Tdome 

°C 

air 1. heating 34.1 22.9 23.2 23.3 23.4 23.4 

 ΔT vs. start 14.4 2.7 2.9 3.0 3.0 3.4 

HCG  2. gas-lake 36.1 26.3 22.7 21.9 22.2 23.1 

 ΔT vs. air 2.0 3.4 -0.5 -1.4 -1.2 -0.3 

 3. homogen 32.8 22.9 23.2 23.3 23.4 23.3 

  ΔT vs. air -1.3 0.0 0.1 0.0 0.0 -0.1 

air 1. heating 34.1 22.9 23.2 23.3 23.4 23.4 

 ΔT vs. start 14.4 2.8 2.9 3.0 3.0 3.4 

CO2   2. gas-lake 36.2 25.3 22.4 22.0 22.3 23.2 

 ΔT vs. air 2.1 2.4 -0.8 -1.3 -1.1 -0.2 

 3. homogen 34.0 23.0 23.2 23.3 23.4 23.4 

  ΔT vs. air -0.1 0.0 0.0 0.0 0.0 0.0 

air 1. heating 34.0 23.0 23.2 23.3 23.3 23.4 

 ΔT vs. start 14.3 2.8 2.9 3.0 2.9 3.3 

argon  2. gas-lake 35.8 24.9 22.5 22.0 22.3 23.2 

 ΔT vs. air 1.8 1.9 -0.7 -1.3 -1.0 -0.2 

 3. homogen 34.3 22.9 23.2 23.3 23.4 23.4 

 ΔT vs. air 0.3 0.0 0.0 0.0 0.1 0.0 

 

Table A3: Configuration B, without convection. Temperatures of the various sensors after the addition 

of 8 liters of a sample gas. 

gas phase 
TE 

°C 

T1 

°C 

T2 

°C 

T3 

°C 

T4 

°C 

Tdome 

°C 

air 1. heating 39.2 23.0 22.3 22.1 22.1 22.0 

 ΔT vs. start 19.3 2.9 2.1 1.9 1.8 2.5 

HCG 2. homogen 36.7 23.4 22.6 22.3 22.1 21.5 

  ΔT vs. air -2.5 0.4 0.3 0.2 0.0 -0.5 

air 1. heating 39.0 23.1 22.2 22.1 22.1 22.1 

 ΔT vs. start 19.0 2.9 1.9 1.8 1.8 2.7 

CO2  2. homogen 38.2 23.3 22.4 22.2 22.1 21.9 

  ΔT vs. air -0.8 0.2 0.2 0.1 0.0 -0.2 

air 1. heating 39.1 23.1 22.2 22.1 22.1 22.1 

 ΔT vs. start 19.1 3.0 2.0 1.9 1.8 2.7 

argon 2. homogen 39.2 23.1 22.3 22.1 22.1 22.1 

 ΔT vs. air 0.1 0.0 0.1 0.0 0.0 0.0 
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Table A4: Temperatures of the various sensors according to configuration B, without convection, after 

the addition of 8 liters of a sample gas but with a blackened plate PK. 

gas phase 
TE 

°C 

T1 

°C 

T2 

°C 

T3 

°C 

T4 

°C 

TK 

°C 

 air 35.9 22.8 22.4 22.3 22.4 25.4 

 ΔT vs. start 15.9 2.5 2.1 2.0 2.1 5.4 

HCG 2. homogen 35.2 23.2 22.6 22.5 22.5 24.2 

  ΔT vs. air -0.70 0.40 0.24 0.15 0.06 -1.22 

 air 36.0 22.8 22.4 22.4 22.5 25.4 

 ΔT vs. start 16.0 2.5 2.0 2.1 2.1 5.4 

CO2 2. homogen 35.9 23.1 22.5 22.4 22.6 25.0 

  ΔT vs. air -0.1 0.3 0.1 0.0 0.1 -0.4 

 air 36.1 22.8 22.5 22.4 22.5 25.4 

 ΔT vs. start 15.5 2.5 2.1 2.1 2.1 5.4 

argon 2. homogen 36.2 22.9 22.5 22.4 22.6 25.5 

 ΔT vs. air 0.1 0.1 0.0 0.0 0.0 0.1 
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